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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 ENCYCLOPiEDiA 

BRITANNICA, I am conscious only of having been uni- 

formly influenced by a sincere desire to do fust ice to 

those Principles of Religion, Morality, and Social Order, 

of which the Maintenance constitutes the Glory of Your 

MAJESTY’S Reign, and will, I trust, record Your Name 

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

and Liberties of Europe. 



iv DEDICATION. 

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, even these two Vo- 

lumes voill not be 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 am, 

SIR, 

YOUR MAJESTY’S 

Most faithful Subject, 

And most devoted Servant, 

STIRLING, 1 
Bet. 10.1800.J 

GEORGE GLEIG. 



ADVERTISEMENT. 

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

THOSE who have read, and who underhand, the articles in the Encyclopaedia Bri- 
tannica, which were furnifhed by Profeflbr 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*Eor^, Centre of POSITION, TEMPERAMENT in Mujic, 
THUNDER, TRUMPET, TSCHIRNHAUS, and WATCHWORK, in this Supplement. 
Of a friend and co-adjutor, whofe reputation is fo well eftablifhed 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 fatished 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 Encyclopaedia ; and, owing to the cajife affigned in the article, pro- 
bably with the fame merits and the fame defe&s. 

' / N 

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 affiftance, 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 molt refpeftable 
literary and fcientific journals, both foreign and domeftic j 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 diflerent and oppolite vrorks on the French revolution, and 
what are emphatically called French principles ; and even of the mod approved'Dic- 
tionaries, fcientific and biographical. From no Dictionary, however, have 1 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. .. 



vi ADVERTISEMENT. 

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 ftill imperfect. 
It would continue to be fo, were another Supplement added to this by the molt learn- 
ed and laborious man on earth ; for perfedtion feems to be incompatible with the nature 
of works conftrudted 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 l have elfewhere borne my teftimony, which I have yet feen no reafon to 
retract. 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 perfection, even 
with lets 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 muft account for the omiffion of one or two 
articles (chiefly biographical) which I had given him reafon to exped in thefe vo- 
lumes. It was my intention at firfl; to introduce into the Supplement articles on 
everv fubjed which had been admitted into the Encyclopaedia itfelf; and hence in the 
firfl: fupplementary volume will be found biographical Iketches of men whofe charac- 
ters, though in feme 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 mot either been t'hemfelves 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 firfl; 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, raife him almofl 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 publifli what his father had 
then only diftributed among a tew particular friends. Fo«r the omiflion of the life of 
Soame Jenyns I can make no apology : it was the confequence of forgetfulnefs. 

For the errors of thefe two volumes, whether typographical or of a nature more im- 
portant, I have perhaps no occafion to folicit greater indulgence than will be volun- 
tarily extended to me by a generous Public. Some errors I have corrected 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 firfl: volume, 
or any confiderable alteration in the firfl: part of the fecond. Hence the different con- 
clufions which the reader will obferve in the articles GALVANISM and TORPEDO, re- 
fpedting the nature of the Galvanic power. Of thefe articles, the former was furnifhed 
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 conclufion which fadts more recently afeertained feem to fet afide. Thefe fadts I felt 
it my duty to ftate to the public; and, under the title TORPEDO, I have been enabled 
to ftate them with the precilion and regularity of arrangement which charadterife the 
writings of Dr Thomfon. 



SUPPLEMENT 

TO THE 

ENCYCLOPEDIA BRITANNICA. 

ABE 
Abacifcus A BACISCUS, in architedlure, the fame with A- 

|| /~\ BACUS; for which, fee Encyclopedia. 
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 railed. When the abatis is meant 
for the defence of a pafs or entrance, the boughs of the 
trees are generally ftripped 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 againll 
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° 17, 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 aftronomy ; 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 muff 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 effeft (fays he) may be explained and fami- 
liarized by the motion of a line parallel to itfelf, much 
after the manner that the compolition and refolution of 
forces are explained. If light have a progreffive mo- 
tion, let the proportion of its velocity to that of the 

Plate II. earth in her orbit be as the line BC to the line AC; 
% *• 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 
inftead of its real courfe BC ; and will appear in the Aberration 
direction 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 
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- 
aftly 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 direaion 
DC of the tube, inftead of the true direaion 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 aftu- 
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 
likewife 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 placet’s geocentric motion in that 
time is its aberration, whether it be in longitude, lati- 
tude, right afcenfion, or declination. See ASTRONO- 

MY in this Supplement. 
ABOAB, ceffes levied, in India, under different de- 

nominations, beyond the ftandard rent. 
ABSCISS, ABSCISSE, or Abfciffa, is a part cut off 

from a ftraight line, and terminated at fome certain 
point by an ordinate to a curve ; as AP (fi<r. 2.). or 

(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- 

^ meter 



A B S [ 2 
Abforption,meter of the curve, or upon any other line drawn in a 
Abfurdum. given pofition. Hence there are on the iame given line 

* 0r diameter an infinite number of variable abicifies, ter- 
minated all at one end by the fame fixed point. In 
the common parabola (fig- 4-)’ eac^ ordinate PQ^has 
but one abfcifs AP. In the ellipfe or circle (fig. 2.), 
the ordinate has two abfciffes lying on the. oppofite 
fides of it. In general, to each ordinate a line of the 
fecond kind, or a curve of the firft kind, may have tvvo 
abfcilfes; 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 
poffeffed 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 fubfiances ; fuch as wool, cotton, filk, and linen, 
to abforb or attraft moifture from the atmofphere. On 
this fubjea the reader will find fome very inftruaive 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 impoffible, or involves an abfurdity. 
Thus Euclid demonfli'ates the truth of the fourth pro- 
pofition of the firft book of his Elements, by fhowing 
that its contrary implies this obvious abfurdity—“ that 
two itraight lines may inclofe a fpace.” 

This mode of demonftration is called reJuSio ad ab- 
furdum, and is every whit as conclufive as the direft 
method; becaufe the contrary of every falfehood mull 
be truth, and of every truth, falfehood. 

The young geometrician, however, docs not, we be- 
lieve, feel himfelf fo perfedly fatisfied with a demon- 
ftration of this kind, as with thofe which, proceeding 
from a few felf-evident truths, condu&s him direftly, 
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 impoflible, 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,” “ 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- 
re&ly contrary to the other; nor is any one of them, 
abftraftly confidered, impojjible, 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 in 
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 moft fagacious philofopher, that of thefe contrary 
affertions the one mujl be true and the other miff be falfe. 
Juft fo it is with refpedl to Euclid’s fourth propolition. 
Had he proved its truth by fhowing that its contrary 
involves this propofition, that “ the diagonal of a fquare 
is comtnenfurate with its fide,” the fkilful 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 " 

i 1 .1  L„„... r  action. 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 
which falfe, fuch a demonftration could not have taught 
him, becaufe he is ignorant of the incommenfurability 
of 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 propoii- 
tion itfelf muft be true. 

ACCELERATED MOTION. 7 See (Encycl.) Ac- 
ACCELEK.AT1NG FORCE. 3 CELERATION; and 

MECHANICS, Sed. VI.—and (this Supplement) DY- 

NAMICS. # 

ACTION is a term which has been fufficiently ex- 
plained in the Encyclopsedia; but fince that article was 
written, queftions have been agitated refpe&ing agents, 
agency, and atlion, which, as they have employed fome 
of the moft eminent philofophers of the age, and are 
conneded with the deareft mterefts of man, aie 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 poftefs, in fome 

the powers of will and underftanding. If this 
opinion be juft, it is obvious, that what are called the 
powers of nature, fuch as wipulfe, attraction, repuffon, 
clafficity, &c. are not, ftridly fpeaking, powers or caufes, 
but the effeds of the agency of fome adive and intel- 
ligent being ; and that phyffcal caufes, to make uie of 
common language, are nothing more than laws 01 rules, 
according to whkh the agent produces the tffed. 

This dodrine has been controverted by a writer 
whofe acutenels is equalled only by his virtues ; and 
we fhall confider fome of his objections 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 fhould 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 funny 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 lubjecfc 
and of our own faculties can admit of, to believe, that 
there are among things inanimate fuch relations, that 
they may be mutually caufes or principles of change to 
one another, without any exertion at power, or any o- 
peration of an agent, ftridly fo called. Such,rtlaUons, 
for aught that we know, may take place among bo res 
at great diftances from one another, as well as among b bodies 



ACT [ 
Action, bodies really or feemingly in aftnal contact 5 and they 

may vary both in degree and in kind, according to the 
diitances between the bodies.” 

That any thing fhould 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 ealily conceive any two fides 
of a triangle to be not greater than the third fide, as re- 
concile fuch a proportion 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 poffibly entertain a doubt of the 
exertion of power; but whether that power be in the 
body apparently producing the change, or in a diftindt 
agent, is a queftion to which an anfwer will not fo 
readily be found. That it is in a diftindt agent, we are 
ftrongly inclined to believe, not only by the received 
dodtrine 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 
diredt contrary «#f our belief. “ We cannot be charged 
(fays the writer whom we have juft quoted) wn'th 
maintaining the abfurdity, that there may be an effedl 
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 poffible; 
but, to us at leaft, it appears impofllble, and is certain- 
ly inconceiveable. The influence of the fun and moon 
can here mean nothing but the a3ion or operation of the 
fun and moon; but if thefe two bodies be inanimate, 
they cannot ad at all, in the proper fenfeof the umrd ; 
and whatever they be, it is obvious that they cannot 
adt immediately on an objedt at fuch a diftance from them 
as the earth and the ocean. If they "be the agents, they 
muft operate by an inftrument, as we do when moving 
objedfs to which our hands cannot reach; but as it has 
been {hewn elfewhere (fee METAPHYSICS, n° 199. and 
OPTICS, nw 63. Encycl.), that neither air noi* sether, 
nor any other material inftrument which has yet been 
thought of, is fufficient to account for the phenomena 
of attradlion 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 diftindl 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 a&s by fixed rules, of which many 
are apparent to the moft heedlefs obferver, whilft the 
difeovery of others is referved for the reward of the ju- 
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 objeftion to this theory, that the change* 

3 1 A E R 
which take place among bodiesftit great diftance?, from A&ion 
each other, vary both in degree and in kind according H 
to the diftances ; for this variation, which we aCknow ,AerolDgy;f 

ledge to be a fadf, appears to us wholly unaccountable ””V 

upon any other hypothefis than that which attributes 
the different changes to agents diftindt 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 coiVffder mutual attrac- 
tion as an effential 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 feem. 
to attradl each other, are at a different diftance kept 
afunder 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 mull 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 our readers will turn away 
from this diiquifition with affedted difguft, whilft the 
petulant and unthinking chemifl, proud of pofleffing the 
fecrets 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- 
fpedl 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 fhown 
that thofe operations are carried on by eftabliflied laws, 
none of them can fay with certainty that he has difeo'- 
yered a fingle agent. The moft enlightened of them 
indeed pretend not to have difeovered in one depart- 
ment of fcience more than Newton difeovered in ano- 
ther ; for they well know that agents and agency can- 
not be fubjedted to any kind of phyfical experiments. 
Our very notions of thefe things are derived wholly 
from our own confcioufnefs and refledlion ; and when 
it is confidei cd 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 refledtion do not lead us to refer real agency to 
mind alone. Let this be our apology both to the real 
and to the affedled 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 
fcience as to religion: and if the laws of human thought 
decide it, as we have endeavoured to fhow that they do 
we may without hefitation affirm, that the impious phi! 
iofophy of France can never gain ground but among 
men incapable of patient thinking. & 

ADAMAS, a name given, in aftrology, to the 
moon. 

iEOLUS, in mechanics, 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 aeolus 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 
fmoke-jack. 

AEROLOGY is a branch of fcience which was de- 
A 2 detailed 
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Afghans, tailed in the Encyclopaedia at fufficient length, and ac- 

11,1 ■“v " cording to the principles which were then generally ad- 
mitted by chemifts. Subfequent experiments, however, 
have Ihown, that fome of thofe principles are erroneous, 
and of courfe that fome of the opinions advanced in the 
article AEROLOGY are inconfiftent with fafts. ^ 1 hefe 
opinions mult be correfted ; but inftead of fwelling this 
volume with a new article AEROLOGY, we apprehend 
that it will be more acceptable to our feientific readers 
to refer them for thofe corredtions to the article CHE- 

MISTRY in this Supplement. 
AFGHANS, are a people in India who inhabit a 

province of CABUL or CABULISTAN (fee Encycl.), and 
have always been connedfed with the kingdoms ol Per- 
£a and Hindoftan. They boaft of being defeended of 
Saul the fir ft king of Ifrael; of whofe advancement to 
the royal dignity they give an account which deviates 
not very widely from the truth, ft hey fay indeed, that 
their great anceftor was raifed from the rank of a fhep- 
herd, not for any princely qualities which he poffeffed, 
but becaufe his ftature was exadlly 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 defeent, according to fome of them, 
•was of Judah, and according to others of Benjamin, 
had, they fay, two fons, BERKIA and IRMIA, who fer- 
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, and 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 exenrfions 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 feleft ot 
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, fons of Wa lid j and 
the prophet honouring them with this reception 
“ Come, O Muluc, or Kings!” they affirmed the title 
of Melic, which they retain to this day.. 

The hiftory, from which this abftradl 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, OHIR SHAH, ISLAM SHAH, ADIL SHAH 

SUR. It alfo numbers the following kings of Gaur 
defeended of the Afghan chiefs : SOLAIMAN Shah Gur- 
xani, BEYAZID Shah, and KU-TB Shah; befides whom, 
their nation, we are told, has produced many conquerors 
of provinces. The Afghans are fometimes called Solai- 
mani, either becaufe they were formerly the fubjedts of 
SOLOMON king of Ifrael, or becaufe they inhabit the 
mountains ot Solomon. They are likewife called PA- 
TAN s, a name derived from the Hindi verb Pakna “ to 
ruth,” 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. 
Rohillas. The city which was eftabliflied in it by the ' 
Afghans was called by them Paijh<wer or Paifher, and 
is now the name of the whole diftridt. The fedts of the 
Afghans are very numerous ; of which the principal 
are, Lodi, Lohouni, Sur, Serwani, Tufufxihi, Bangifh, 
Dilaxaui, Khetti, Taftn, Kail, and Belojt. They are 
Mufulmans, partly ot 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 rejedl their claim, and confider 
them as of modern, and even of bafe, extradtion. 

This is probably a calumny ; for it feems inconfiftent 
with their attention to the purity of their defeent—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 confifts of thofe whofe fathers were Afghans 
and mothers of another nation, ft’he 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. Perions 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 acting the bafe 
part even of affaifins.. 

Such is the account of the Afghans publiftied in the 
fecond volume of the Afiatic Refearches. It was tranf- 
lated from a Perfian abridgment of a book written in 
the Pulhto language, and called The Secrets oj the Af- 
ghans, and communicated by Henry Vanfittart, Efq; to 
Sir William Jones, then prefident of the Afiatic So* 
ciety. ftftieir claim to a defeent from Saul king of If- 
rael, whom they call MELIC TALUT, is probably of not 
a very ancient date ; for the introduftion of the angel 
Gabriel with his rod, gives to the whole ftory the air 
of one of thofe many fiftions 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 defeendants of 
Ifrael. “ 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 i now the Afghans are find by the belt Perfian hif- 
torians to be defeended from the Jews. They have 
traditions among themfelves of fuch a defeent ; and it 
is even afferted, that their families are diftinguilhed by 
the names of JewiJh tribes, although fince their con- 
verfion to Iflam, they ftudioufly conceal their origin 
from all whom they admit not to Xhedr fee rets. The 
Pufhto language, of which I have feen a dictionary, has 
a- mamfeft refemblance to the Ghaldcnck; and a confi- 
derable diftriCt under their dominion is called Ha%aretK 
or Haxaret, which might ealily have been changed into 
the word ufed by ESDRAS. 1 ftrongly recommend an 
inquiry into the literature and hiftory of the Afghans.'* 
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Albatcgni It is to co-operate with this accomplifhed fcholar 

il that we have inserted into our Work this (hort account 
Alrnamon-of that lingular people ; and it is with pleafure that, 

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 
fon of Geber, and Muhamedes AraBenfts. He made af- 
tronomical obfervations at Antioch, and at Racah or 
Aradta, 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 vir admirandi acuminis, ac in 
adminiftrandis obfervationibus exercitatijfmus. 

Finding that the tables of Ptolemy were imperfefti 
he computed new ones, which were long ufed as the 
bell among the Arabs : thefe were adapted to the me- 
ridian of Arafta or Racah. Albategni compofed in 
Arabic a work under the title of The Science of the 
Stars, rompriling all parts of aftronomy, according to 
his own obfervations and thofe of Ptolemy. This work, 
tranflated into Latin by Plato of Tibur, was publilhed 
at Nuremberg in 1537? with fome additions and de- 
monilrations 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 th is work Albategni gives the motion of the fun’s 
apogee fmce 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 IW of Aries to be 180 

2! ; and the obliquity of the ecliptic 230 35'. And up- 
on Albategni’s obfervations were founded the Alphon- 
hne tables of the moon’s motions ; as is obferved by 
Nic. Muler, in the Tab. Fr'ftca, 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 ftourifbed 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 Baftria. He is alfo called 
Ahmed (or Muhammed) beti-Cothair, or Kaiir. He 
wrote the Elements of Aftronomy in 30 chapters or 
fedlions. 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 laft and bell 
was made by Golius, profeflbr of mathematics and 
oriental languages in the univerfity of Leyden. This 
tranflation, which was publilhed in 1669, after the 
death of Golius, is accompanied with the Arabic text, 
and with many learned notes on the firll 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, who flourilh- 
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 Almamon^ 
throne of the caliphs of Bagdat. He \yas the fon of -Aloe. 
Harun Al-Rafhid, and grandfon of Almanfor. His v * 
name is otherwdfe written Mamony Almaon, . hlmamurt, 
Alamoun,o\' Al- Maimon. Having been educated wdth 
great care, and with a love for the liberal fciences, he 
applied himfelf to cultivate and encourage them in his 
own country. For this purpofe he requefted the Greek 
emperors to fupply him with fuch books.on philofophy 
as they had among them; and he colledled Ikilful 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 affifting 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 Habalh, 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 23033, in fome manuferipts), but 
Voflius fays 230 5P or 230 34'. He alfo caufed Ikilful 
obfervers to procure proper inftruments to be made, 
and to exercife themfelves in attronomical obfervations; 
which they did accordingly at Shemafi in the province 
of Bagdat, and upon Mount Gafins 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 c6y miles, of 4000 coudees each, the coudee 
being a loot 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- 
fvvers to 62,046 French toifes ; a quantity more than 
the true value of the degree by almoft one-third. Fi- 
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 his return from a mi- 
litary expedition, in the year 833. 

ALOE DICHOTOMA, 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 VAILEANT 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, perfedlly 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 

fufficienU 
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AW, fuffieieut to enable it to grow upon the ’?ery rocks, and 

A’phonfus. attajn jts ytmoft beauty ; but its root is fo feeble a fup- 
1 * port, that I could throw down the larged with a fmgle 

kick of my foot. The hordes on the well 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 faft in natural hiftory, of the reality of wdiich 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 correfts the'narratives 
of former travellers in terms wdiich nothing fliould have 
didlated but the confeioufnefs of his own invariable ve- 
racity. Yet wt hope to be pardoned for expreffing our 
furprife that, in any part of the world, trees Ihould be 
found in great numbers 25 or 30 feet high, and Ihoot- 
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, wdien 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 overlhadowred a fpace of more than 100 
feet in diameter ! This tree he allures that lie could 
have kicked over. The country, according to his ac- 
count, is not exempted from dorms. He is himtelf a 
French philofopher. What a pity then is it that he did 
not explain to thofe, wdio have not had the benetit of 
being enlightened in that fchool, upon what principle 
of mechanics or datics the tree could refid 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 hidory, 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, Ihould 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 on the motions of the dars, and the hif- 
tory of Spain, written with great Ikill 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 coi reel- 
ing them. For this purpofe, about the year 1240, and 
during the life of his father, he affcmbled at Toledo the 
mod Ikilful adronomers of his time, Chridians, Moors, 
and Jews, when a plan was formed for eondru&ing new 
tables. This talk w'as accomplifhed about 125 2, the 
fird year of his reign; the tables being drawn up chief- 
ly by the {kill and pains of Rabbi Ifaac Hazan, a learn- 
ed Jewr, and the work called the Alphonjine 'Tables, in 
honour of the prince, who was at vail expences con- 
cerning them. He fixed the epoch of the tables to 
the 30th of May 1252, being the day of his acceffion 
to the throne. They wrere 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 

1 
Altitude. 
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diredl proof of his innocence. All that has been faid Alphonfm 
for him by Dr Hutton, one of his abled apologids, 
amounts to nothing more than a high degree of proba- 
bility 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 condrudlion 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- 
drudlion of the human body, as tradition fays he did. 
Heaven mod judly punilhed the folly of his tongue.” 
Though the filence of fuch an hidorian 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 anywife anfwered the idea 
of an able workman. So that, from confidering the 
multitude of fpheres compofing the fydem of Ptolemy, 
and thofe numerous eccentric cycles and epicycles with 
which it is embarralfed, if we fuppofe Alphonfus to 
have faid, “ that if God had aficed his advice when he 
made the world, he would have given him better coun- 
fel,” the boldnefs and impiety of the cenfure will be 
greatly diminilhed. 

Such is the apology made by Dr Hutton for this 
royal adronomer of Spain; and we hope, lor the honour 
of fcience, that it is well founded. Still it leaves Al- 
phonfus guilty of great irreverence of language, which 
is to us 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 lleepers. 

ALTERNATE ANGLES. See GEOMETRY {En- 
cycl. ), Part I. 35. 

ALTERNATE Ratio, or Proportion, is the ratio of 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.) 
ALTITUDE of the Nonagefmal, 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 above the horizon, at any time ; and is 
equal to the angle made by the ecliptic and horizon 
where they interfe& at that time. 

ALTITUDE 
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Alfitadc, ^iTiTunF. of the Cone of the Earth's or Moan's Sha- 

Alum. the height of the fhadow of the body made by 
'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 ; fo is 1 to a 
fourth proportional, which will be the height of the 
Ihadow 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 
bell method of preparing it, mull 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 thele 
opinions have fince been controverted, and if they be 
erroneous, it mull 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 
fiiovvn to be falfe by Citizen Vauquelin, who contends, 
of courfe, that the addition of putrid urine to the ley 
is a very bad practice. 

This eminent chemilt had long fufpedled, that the 
cryflallization 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 fufpfcions to the tell of 
experiment, he dilfolved very pure ALUM IN E in ful- 
phuric acid of equal purity, and evaporated the fo- 
lution to drynefs, for the purpofe of expelling the 
fuperabundant acid. He then redilfolved the dry and 
pulverulent refidue in water, and reduced the folution 
to different degrees of fpecific gravity, with a view to 
feize the point moll favourable to cry ftallization ; but 
with every poffible precaution he could obtain nothing 
but a magma (fee MAGMA), formed of faline plates, 
without confiftence or folidity. This folution, how- 
ever, though it conftantly refufed to afford cryltallized 
alum alone, afforded it immediately by the addition of 
a few drops of the folution of pot-alh ; and as he had 
employed thefe two fubftances in the requifite propor- 
tion, the reft of the folution, to the very end, afforded 
pure alum, without any mixture of fulphat of pot- 
alh. 

Into another portion of the fame folution of pure 
alumine, he dropped the fame quantity of carbonat of 
foda as he had added of that of pot-alh to the former ; 
but no cryllallization was formed, even by the help of 
evaporation, nor did lime and barytes poduee any bet- 
ter effedl. But if the common opinion that pot-alh, in 
the formation of alum, is of ufe only to abllradl the 
excels of acid, be true, foda, lime, barytes, and all the 
fubllances 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-alh, and ammoniac, do no- 
thing more than unite to the fuperabundant acid of the 
alum, the fulphats of pot-alh and of ammoniac ought 
not to occafion any change in pure alum in its acidula- 
ted Hate; whereas if thefe alkalies enter as a conllituent 
part into the alum, and are neceffary to its exiftence, 

(A) It may be proper to notice, that Scheele feems 
exprefsly in his paper on Pyrophorus, 
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they ought to produce the fame effe£ls as pure pot-alh 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-alh; imme- 
diately upon which odlahedral cryllalsof alum were form- 
ed. The fulphat of ammoniac prefented the fame effedl. 

This refult gave Hill greater confirmation to his firft 
notions, though it did not yet afford a demonflration 
perfectly without objection; for it might have happen- 
ed that the two falts he made ufe of might,determine 
the cryllallization of the alum, limply by abforbing the 
fuperfluous acid, of which they are very- greedy ; but 
to determine this poffible fadl, he mixed in the uncry- 
llallizable folution of alumine fome fulphat of pot-alh 
with excefs of acid, and obtained a cryllallization no 
lefs abundant than with the neutral fulphat of pot-alh. 

This lall experiment leaves therefore no doubt with 
regard to the influence and mode of action of pot-afh 
and ammoniac in the fabrication of alum ; and this ac- 
tion is Hill more llrongly 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- 
alh 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 afford fulphat of pot-afh, 
or of ammoniac, or of both. His methods of analylia 
are very accurate; but to detail them at length would 
fwell this article to little purpofe. To fuch of our 
readers as are not chemills they would hardly be in- 
telligible ; and the experienced chemill will devife me- 
thods of analyfis for himfelf. It may be proper, how- 
ever, to obferve, that M. Vauquelin proved, to his own 
fatisfa£lion, that the fulphat of pot-alh, 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 Hate (A). He proved likewife, that fuch 
aluminous waters as do not contain pot-alh, may re- 
main, as long as may be defired, on their materials, 
without being faturated with too great a quantity of 
earth, or fuffering 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 chemillry, and to natural hi- 
llory. 

1. It is not, at leall in the greatell number of cir- 
cumHances, the excefs of acid which impedes the cry- 
llallization of alum, but it is the want of pot-alh or 
ammoniac : For it is difficult to imagine that the ful- 
phuric acid could remain difengaged after fo long re- 
maining upon alumine in a Hate of extreme divifion, 
and always fuperabundant. It is true that the alumi- 
nous waters redden the vegetable tindlures; but this 
property is not owing to a difengaged acid. This por- 
tion of acid is a conllituent 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-alh may be ufed, as well as 
pure pot-alh, to caufe the oryftallization of alum. It 

even. 

to have known this long beforehand that he mentions it 
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even has the advantage over the latter fait, becaufe if 
the aluminous waters do not really contain a dilengaged 
acid, the pot-afh, in its combination, will precipitate a 
portion of alumine, and diminifli the product of the 
boiling ; whereas the fulphat of pot-afh does not pro- 
duce the fame effe& ; 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 loll 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 
life of pot-afh is preferable to that of the fulphat of 
pot-afh. But when economy is an objeft, that in ma- 
ny places it would be profitable to ufe the fulphat of 
pot-afh ; becaufe it is a fait indireftly produced in 
many manufaftories, where of courfe it may be ob- 
tained for nothing. In particular, the refidues of the 
diflillation 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 produil. 

3. Alumine cannot be ufed in the treatment of mo- 
ther waters, as Bergman propofes. This earth is in- 
capable of favouring the cryflallization of alum, be- 
fides which, it decompofes a portion of alum by the 
affiftance 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 mull naturally contain pot-afh, 
becaufe perfedt alum is often obtained from the firfl 
cryftallization of new alum waters without the addi- 
tion of this alkali. It is true that an objeftion 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 comparifon to the quantity of ore 
and the alum it affords, could fupply enough of pot- 
afh for the cryflallization. 

All the earths and flones which have given, or 
(hall hereafter afford, by analyfis with the fulphuric 
acid, perfedl alum without addition of pot-afh, muft 
contain this alkali naturally. For it is well proved, that 
alum cannot exifl without pot-afh or ammoniac; and as 
there is little probability that this lafl fhould be found 
combined in earths or flones, unlefs perhaps in very rare 
cafes, we may almofl conflantly he affured, when alum 
is obtained from any of thefe fubflances, that its for- 
mation was effeaed by pot-afh. The quantity of alum 
will immediately fhow in what proportion this alkali 
txifled 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 lail 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 excels of 
acid foluble in water, very fapid and aflringent, is the 
common alum. 

There is likewife a pure fulphat of alumine, very 
aflringent, very difficult of cryflallization, in the form 
of brilliant pearl-coloured plates without confiftence, 
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and which cannot be rendered infolublc by the addition 
of a new quantity of its bafe. This laft fait may with 
the greatefl propriety be called the fulphat of alumine. 

7. It follows from the comparative analyfis, and the 
knowledge acquired refpedting the different flates of 
the combination of alumine with the fulphuric acid 
united at the fame time with other bafes, that we muft 
diflinguifh feven flates 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. 

Sulphat of alumine, or the artificial combination 

'Alum 
II 

Amicable, 

of fulphuric acid and alumine. This fait is aflringent; 
it cryilallizes 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 firfl, has not been deferibed. 5. Saturated 
fulphat of alumine and of pot-afh is the alum of the 
chemifls faturated with its earth. It is pulverulent, 
infipid, infoluble, not cryflallizable, and is eafily con- 
verted into true alum by the addition of fulphui ic 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 exaftly 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 ffiould be the nature of the alum moll 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 fubflance, which will be fufficient to di- 
flinguifh 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 charadlerizes it was fuggefled 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 o&ahedral cryflals, it manifeflly pafles 
to the cubic form. 

From thefe dedu&ions, the phyfician, the chemifl, 
and the manufacturer, with whom the ufes of alum are 
greatly multiplied, will hereafter poffefs a knowledge of 
the fubflance they employ, and may appreciate its ef- 
fefts on the animal economy, and other bodies to which 
it is fo frequently applied. See Anncdes de Chimie, xxii. 
258, and Nickolfon’s Journal, Vol. I. p. 3x8, &c. 

ALUMINE, one of the fimple earths. See CHE- 

MISTRY in this Supplement. 
AMICABLE NUMBERS have been defined, and the 

firfl pair of them given in the Encyclopsedia. 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 
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Amicable, ceJve their name, were found out by F. Schooten, as 
Amfter- appears from Seft. ix, of his Exercitationes Mathematics.. 

To find the firft pair, he puts 4* and 4^2;, or a^x and 
for the two numbers, where a—'l ; 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, affuming a pro- 
per value for jy, the two amicable numbers themfelves 
4*: and qyz. 

In like manner for the other pairs of fuch numbers ; 
in which he finds it neceffary to affume i6x and J6JZ, 

or a*x and a4yz for the fecond pair, and laB.x and 
I2 8ya: or a?x and a7yz for the third pair. 

Schooten then gives this practical rule, from Def- 
cartes, for finding amicable rides, viz. affume the num- 
ber z, or fome power of the number 2, fuch that if uni- 
ty or 1 be fubtradled from each of thefe three following 
quantities, viz. from 3 times the affumed number, alfo 
from 6 times the aflumed 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 alfumed 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 = the number 2, and n fome 
integer number, fuch that $an—1, and 6<?n — 1, and 
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—1 be all three prime numbers; then is 18a1'1 — 1 
. 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 Amjierdam to the 
northern, and of St Paul to the fouthern ifiand, and 
Captain Cook conforms to that appellation. Moll 
other Englilh navigators, and particularly Mefirs Cox 
and Mortimer, with Sir George Staunton, reverfe the 
names, calling the fouthern ifland Amfterdam, and the 
other St Paul. At this fouthern ifiand the Lion man 
of war ilopped 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 
fio‘11 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 chemiltry as for his 
medical Ikill, is confident that the ifiand of Amfterdam 
is the product 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 fubftauces 
have every appearance of recent formation. The heat 
continues ftill fo great, and fuch a quantity of elaftic 
vapours ififues 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 quickftlver rofe conftantly to 180 degrees, 
and when funk a little into the alhes, 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 increafing expanfion of the quickfilver fiiould* 
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burft the glafs. 
the feet ; a ftone thrown violently upon it returned a 
hollow found ; and the heat was fo intenfe for a con- 
fiderable diftance around, that the foot could not be 
kept for a quarter of a minute in the fame pofition with- 
out being fcorched. But the great crater on the eaft. 
ern fide, now full of water, is by far the largeft here, 
or perhaps elfewhere, and is of an aftoniftiing 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 inch matter was impelled, in order to over- 
come the refiftance of the fuperincumbent earth and 
fea, mull have been indeed prodigious. 

“ This vaft crater, according to the ufual method of 
computing the antiquity of volcanoes, muft have been 
formed at a very remote period. The lava all around 
its hdes is much decompofed, and has mouldered into 
duft, which lies on the furface in many parts to a cen- 
fiderable depth. The decompofition has fupplied a riQh 
foil for the long grafs growing on the fides of the era 
ter, and has even fpread over moft parts of the ifiand 

. he fibrous roots of the grafs, extending in all direc- 
tions through the decompofed lava and volcanic afhes 
and mixed in a decaying ftate with the vegetable mould1 

produced from the annual putrefaftion of the leaves 
and ftalks, havejormed a layer of foil feveral feet deeo 
all over the ifland. But as it has nothing except its 
own weight to comprefs it together, it is of a hVht 
fpongy texture, with very little cohefion, and in many 
places furrowed and interfefted 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 iome 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 
their hdes are fhaded, and almoft covered over by the 
leaves of the long grafs, growing from their edg-es in 
oppolite d.reftions, the rays of the fun are excluded 
and very little is loft by evaporation. Thefe refervoirs’ 
however, are very fmall, and but few in number ; the* 
largeft could not contain more than three or four hogf- 
heads of water ; and there is none elfe to be found 
except m the fprings on the fides of the large crater. ’ 

The foil everywhere being light and fpongy, and 
full of holes, formed in it by lea-birds for neils, is very 
trouble fome to walk upon; the foot breaks through the 
furface, and links deep at every ftep ; a circumftance 
which renders thejourney acrofsthe ifland uncommonly 
fatiguing, although it be fcarcely three miles from the 
edge of the great crater to the oppofite weft fide. 
1 here is one place near the centre of the ifland ex 
tending about 200 yards in length, and fomewhat lefs in 
breadth, where particular caution is neceflary in walking 
over it. From this fpot a hot frefii fpring is fuppofed 
to derive its fource, finding 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 ,s covered with a kind of mud OF 
pafte formed from the afhes, moiftened by fleam con- 
ftantly riling from below. When the mud is removed, 
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the vapour iffues forth with violence, and in fome parts 
coDiouflv. This mud is fo hot, that a gentleman who 

J inadvertently ftepped into it ha(J.}“s foot feverely 
fralded bv it. The fame caufes which have prevented 
vegetation on this fpot,have had the fame effed on the 
four cones recently thrown up. Their furfaces are co- 
vered with afhes only ; nor is there the leaft appearance 
even of mofs on the furrounding lava, for the produc- 
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 confequently 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 5x20 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, 
the entrance to which is deepening annually, and might 
by the aid of art be made fit for the paffage of large 
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 

Amfter-* 
dam. 

are more perpendicular ^ no bafis to fup- in the bafon formed by the crater itfelf, the variation 

wrt r'flfde “Crth Mes of the rock, pretty long of the compafs iaa found to be nineteen degrees and 
>1 genera.,y fonnd growing upon it, AH the tst S^Litants, were 

found three Frenchmen and two natives of England, 
who at the end of the American war had emigrated to 

mofs was generally found growing upon 
fprings or refervoirs of hot water, except one only, were 
brackifh. One fpring derives its fource from the high 
ground and ridges of the crater. The water m it, in- 
lead of boiling upwards through the Hones and mud, 
as in the other fprings, flows downward with a conlider- 
able velocity, in a fmall collefted ftream. Its tempera- 
ture has been found not to exceed 112 degrees. .The 
hand could be eafily kept in it for a confiderable time. 
It is a pretty ftrong chalybeate. The hdes of the rock 
whence it iffues, and of the cavity into which it tails, 
are incrufted with ochre depoflted from it. 

“ When the great crater is viewed from the high 
ground, it appears to have been originally a perfed 
circle, but to have been encroached upon by the fea on 
the eaftern fide, where the flood tide ftrikes violently. 
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 higheft parts of tW ifland, which 
feems to have been originally produced by the melted 
lava flowing down on all Tides from hence. Thus there 
is a gradual flope from the edges of the crater to the 
fea ; and the lava, though very irregular, and lying in 
mixed ruin and confufion immediately around the cra- 
ter, aifumes a more uniform appearance at fome diftance, 
layer refting regularly upon layer, with a gradual decli- 
vity the whole way down to the fea. This difpofition 
of the layers is particularly obfervable irrthe 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 
glaffv lava being undermoft, the compad next, the cel- 
lular lava next above, over it the volcanic afhes and 
lighter fubftances, and a layer of vegetable mould co- 
vering the whole.” . . 

The ifland appears indeed in fuch a (late of volcanic 
inflammation, that from the fhips decks at night were 
obferved, upon the heights of the ifland, feveral fires 
iffuing out of the crevices of the earth, more confider- 
able, Init in other rtfpeds refembling fomewhat the 
nightly flames at Pietra Mala, in the mountains between 
Florence and Bologna, or thofe near 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- 
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Bofton. The whole five had come laft from the Ifle of 
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 veffel 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-lkins 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 (belter them 
from the inclemency of the weather. In the fummer 
months they come afhore, fometimes in droves of 800 or 
1030 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 colledfed, for 
want of calks to put it in ; part of the heft is boiled,^ 
and ferves thofe people inftead of butter. The feal or 
Amfterdam is the phoca urjina 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 
one’s approach, but at other times remain fteadily on 
the rocks, bark, and rear themfelves up in a menacing 
pofture ; but the blow of a flick upon the nofe feemed 
fufficient to difpatch them. As the fkins alone were 
the objedls wanted, the carcafes were left on the ground 
to putrefy at leifure, flrewed in fuch numbers as 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. .One 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. 



Amflcr. 
dam, 

Anaclaftk 

ANA [ ii 
boifterous, with hail and fnowr ; but in furmner he ac- 
knowledged it to be very fine. ' 

The fea fuppb’es this ifiand with great varieties of 
excellent filh, particularly a kind of cod, which was 
equally relifhed whether frefli or falted. Cray fiih were 
in fuch abundance on the bar acrofs the entrance into 
the crater, that at lowr water they might be taken with 
the hand; and at the anchorage of the (hips, when baf- 
kets, in which were proper baits, were let down into 
the fea, they were in a few minutes drawn up filled 
with cray filh. This circumftance is the more extraor- 
dinary, that in the fame place were found abundance 
of fharks and dog filh of uncommon fize, which are 
known to be fo voracious and fuch enemies to all other 
fifh. 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 filh in the cold wrater 
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 
for eating in the fpace of fifteen minutes. This was 
often praftifed by the gentlemen of the embaffy, and 
furnilhed them at once with a fingular amufement and 
a highly relilhed repaft. 

Of all the birds which frequent this ifland, 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, 
difting-uilhed by the name of exulans, it wTas found, that 
inltead of having only the rudiments of a tongue, as 
naturalifts 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 procellaria 
equinoftialis 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, conftitutes the principal food 
of the feal catchers on the ifiand. During the day-time 
they hide themfelves in the ground, in order to efcape, 
if pofiible, their deftroyer the black petrel. At night 
they come abroad, and thence are termed night birds by 
the people at Amfterdam ; but being fond of flocking 
to any light, they fall into another fnare laid for them 
by the feal-catchen, who kindle torches to attraft them, 
and then kill them in multitudes. The prettieft 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 fw'allow 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 fubiifts chiefly on fmall fifh, which it picks 
up as they are fwimming over the furface of the water. 

This fingular ifiand lies in 38° 42'S. Lat. and in 
76° 54' E. Long, from Greenwich. ST PAUL’S, or the 
ifiand lying in fight and to the northward, differed in 
appearance materially from Amfterdam. It prefented 
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tom of a ve/Tel full of water, to an eye placed in the Anaphora 
air; or the vault of the heavens, feen by refradtion Jl 
through the atmofphere. Anderfon, 

ANAPHORA, in aftrology, the fecond houfe, or 
that part of the heavens which is 30 degrees from the 
horofcope. The term anaphora is alfo fometimes ap- 
plied promifcuoufly to fome of the fucceeding houfes, 
as the jfth, the 8th, and the nth. In this fenfe ana- 
phora is the fame as epanapkora, and ftands oppofed to 
cataphora. 

ANASTROUS SIGNS, in aftronomy, a name given 
to the duodecatemoria, or the twelve portions of the eclip- 
tic, which the figns poffeffed anciently, but have fince 
deferted by the preceflion of the equinox. 

ANCHOR OF A SHIP, is an inftrument which, as 
it is commonly made, has been fufficiently defcribed in 
the Encyclopaedia. An improvement, however, has 
been propofed on its eonftrudtion by Mr James Stuard 
of the parifh of St Anne, Middlefex, wdio obtained a 
patent for his invention, dated Feb. 1796. 

The w'hole of this invention confifls in making the 
anchor with one fluke or arm inftead 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 fhank 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 fhoot or joining in 
the whole inftrument. The bend of the fhank and arm 
he would have rounded, and not angular as in the com- 
mon anchor ; and on this bend he would have a fmall 
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 call 
iron ; and he would have the palm of the fluke or arm 
either to be compofed entirely of caft iron, or to be a 
call iron fhell filled with lead. This weight of the palm, 
the fhortnefs of the fhank, and the ftrudlure of the 
flock, will no doubt make the anchor fall the right way ; 
which, having no upper fluke, will never be tripped by 
the cable taking hedd of it on the fhip’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 
mailers, we have not learned ; probably he ftudied the 
belles lettres and philofophy in the univerfity of his na- 
tive city, and, as was the practice 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 mull have 
been rapid ; for, early in the 1 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 Redivivi; Jive analy- 

no very high land, or any rifling in a conic form ; and fts problematic hadenus dtfiderati ad Apollonii Pergai doc- 
feemed to be overfpread with fhrubs or trees of a mid- trinam CT£p, v^r^v, a Marino Ghetaldo Patritio Ragufmo 
dling fize. It was faid to abound with frefh water, 
but to have no good anchorage near it, nor any place 
of eafy landing.— Sir George Staunton's Account of an 
Embajfy to the Emperor of China. 

ANACLASTIC CURVES, a name given by M. de 
Mairan to certain apparent curves formed at the bot- 

hujufque, non ita pridem reflitutam. In qua exhibetur mc- 
chanice aqualilatum tertii gradus Jive folidarum, in quibus 
magnitude omnino data, aquatuf homogenea fub altero tan- 
turn coejjiciente ignoto. Huic fubnexa ejl variorum proble- 
matumpradice, Paris, 161 2, in qto. —2. A,rio\oy,x : Pro 
Zetetico Apolloniatli problematic a fe jam pridem edito in 
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Anderfon, Jupplemento jtfpollomi Redivivi. Ad clarlffimum et orna- 
Anhinga. itjJiYnutn ‘virum Mixriuuvn Ghetaldum P u tv ilium Ragujinuin • 

Jn qlia ad ea qua obiter mihi perjlrinxit Ghetaldus refpon- 
detur, et analyhcts clarius detegilur. Pans, i6i5> -n 

4to. Francifci Vida Fontenacen/is de JEquationum 
Recognitione et Ernendutione FraElatus duo, with a dedi- 
cation, preface, and appendix, by himfelf. Paris,_ 1615, 
in 4to.—4. Vieta’s Angulares Sebiiones; to which he 
added demonflrations of his own. Our profeifor was 
coufin-german to Mr David Anderfon of Finfhaugh, a 
gentleman wrho alfo poffcffed a fingular 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- 
feendants of the name of Gregory, who have for io ma- 
ny generations been eminent in Scotland as profeiTors 
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 tele- 
fcope ; and obferving in her fon, while yet a child, a 
ftrong propenftty to mathematical ftudies, (he inftrufted 
him in the elements of that fcience herfelf. From the 
fame lady defeended 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 uied 
every endeavour to procure information ; nor are fuch 
of his relations as we have had an opportunity of con- 
fulting, fo well acquainted with his private hiftory as 
we expeCied to find them. 

ANHINGA, 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- 
feribed 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, charafterifes the anhinga in a ve- 
ry iimple and accurate manner. Buffon, who was 
firuck with the conformation peculiar to birds of this 
kind, has delineated them by a fimilar expreflion. 
‘ The anhinga (fays he) exhibits a reptile grafted on 
the body of a bird.' Indeed there is no perfon who, 
upon feeing the head and neck only of an anhinga, 
while the reft of the body is hid among the foliage of 
the tree on which it is perched, wrould not take it for 
one of thofe ferpents accuftomed to climb and refide m 
trees ; and the miftake is fo much the eafier, as all its 
tortuous motions Angularly favour the illufion. In 
whatever fituation the anhinga may be feen, whether 
perched on a tree, fwimmmg in the water, or flying in 
the air, the moft apparent and remarkable part of its 
body is fure to be its long and flender 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 perfedly ftraight and horizon- 
tal line 

“ The true place which nature feems to have affigned 
to the anhingas, in the numerous clafs of the palmi- 
pedes, is exadly between the cormorant and the grebe. 
They partake indeed equally of both thefe genera of 
birds, having the ftraight flender bill and the long neck 

Flate III. 

2 ] ANT 
of the latter ; while they approach the former by the Anfnng* 
conformity of their feet, the four toes of which are .11 
joined by a Angle membrane. They partake alfo of Art)^eretj 
the cormorant by their flight; having like it the wings 
larger and fitter for the purpofe than thofe of the grebe, 
which are flrort and weak. The tail of the anhinga is 
extremely long ; a chara&eriftic very fingular and re- 
markable in a water fowl, and which ought, it would 
feem, to render them totally diftind 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 nourilhment. When 
the anhinga feizes a fiih, 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 "tree, 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 
fmaller, 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 interfeds a reddifh ground. A very 
fingular charaderiftic, common to all the anhingas, is 
that of having the feathers of the tail deeply ftriated, 
and as it were ribbed. It is a very fagacious oird, ei- 
pecially when furprifed fwimming ; for its head is the 
only part which it expofes above the water; and if the 
fportfman 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 abfolutely neceffary for breathing. 

ANTECEDENTAL CALCULUS. See CALCULUS 

in this Supplement. 
ANTES, in architedure, fmall^pilaftres placed at 

the corners of buildings. 
ANTICS, in architedure, figures of men and ani- 

mals placed as ornaments to buildings. 
ANTICUM, in architedure, 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 pui- 
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 of 
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 ; 
t,there are two fight vanes, to fuit two different fitua- 

tions of the large fpeculum or objedl glafs: thefe 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 faft 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 inflrument, proje&ing 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 pktes are 
two circular perforations or flits, through one of which 
a fcrew takes into the head of the inftrument, and 
through the other a fc^ew takes into the lower move- 
able plate. The large fpeculum is faftened 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 faftened here occafionally. 

The fcale 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 refieftion. 
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 two 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 practice. If an angle greater than 
JO*' 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 fallens the two circular 
plates on the upper centre be made faft, and loofen the 
fcrew which fallens the upper circular plate to the in- 
ftrument : Now adjuft the glafles by the ufual method; 
bring forward the index to any given divifion on the 
limb, and make it faft; alfo fallen 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 direaions for ad- 
jufting and uling the inftrument. 

The firft thing to be attended to is, to fet the hori- 
zort-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 
refledlion, the gials is upright ; but if it does not 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 objeft, with the index fixed 
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in any intended Situation ; the two fcrews at the upper Antiparal- 
centre being loofe, turn the glafs about till the fame ,e!3, 

objedl appears nearly in the fame part of the horizon- jAPei'ture,
< 

glafs : Next hold it in a horizontal pofition, and ad- 
juft the objeft-glafs or large fpeculum with the fcrews 
which are behind and before, on the foot of it, till the 
objedf and its refledlion are feen in the fame horizontal 
line. Laltly, with the inftrument upright, turn the 
tangent-fcrew belonging to the horizon-glafs at the 
back of the inftrument, until there be a perfedl coin- 
cidence of the objedl and its refledlion that way, and 
the adjuftments are complete. 

ANTIPARALLELS, in geometry, are tbofe 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 other, viz. the firft and fecond, and the 
third and fourth. So, if AB and AC be any two lines, Plate Ih 
and FC and FE be two others, cutting them fo, fg-J’ 

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 refpedl to AB 
and AC ; alfo thefe latter are antiparallels with regard 
to the twm 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 w as given there for finding 
a juft aperture. As much depends upon this circum- 
ftance, our optical readers will be pleafed with the fol- 
lowing practical rule given by Dr Hutton in his Ma- 
thematical Dictionary. “ Apply feveral circles of dark 
paper, of various fiz-es, upon the face of the glafs, from 
the breadth of a ftraw to Inch as leave only a fmall hole 
m the glafs ; and with each of thefe, feparately, view 
fome diftant objeft, as the moon, ftars, &c. then that 
aperture is to be chofen through which they appear the 
moft diftinflly. 

“ Pluyghens firft found the ufe of apertures to con- 
duce much to the perfection of telefcopes; and he found 
by experience {Diopt. prop. 56.), that the beft aper- 
ture for an objedl-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 di- 
ftances of the eye-glafles are proportioned to the aper- 
tures. And M. Auzout fays he found, by experience, 
that the apertures of telefcopes ought to be nearly irv 
the fub-duplicate ratio of their lengths. It has alfo. 
been found by experience, that objea-glafles wall ad- 
mit of greater apertures, if the tubes be blacked Cvithii*. 
fide, and their paflage furmfhed with wooden rings. 

“ It is to be noted, that the greater or lefs aperture 
of an obje£t-glafs, docs not increale or diminifh the vi~ 
Hole area of the objuftall that is effeCled by this is 
the admittance of more or fewer rays, and confequently 
the more or lefs bright the appearance of the objedl. 
But the hrgenefs ol the aperture or focal diftance caufes 
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tlie irregulanty of its refraftions 
Venus through a telefcope, a much lefs aperture is to 
be uftd than for the moon, or Jupiter, or Saturn, be- 
caule her light is fo briglit and glaring-* And this cir- 
cumftance lomewhat invalidates and difturbs Azout’s 
proportion, as is Ihown by Dr Hook, Phil. Trank 

APOCATASTASTS, or, as it fhould 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 of apotomes in lines, as delivered by this ancient 
mathematician in the tenth book of his Elements, is 
a very curious fubjeft, and has always been admired 
by fuch as underftood it. The firft algebraical wri- 
ters in Europe, fuch as Lucas 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 doftrine of furd quantities. 

APPARENT CONJUNCTION of the planets, is when 
aright line, fuppofed to he drawn through their cen- 
tres, paffes through the eye of the fpeftator, and not 
through the centre of the earth. And, in general, the 
apparent eonjundfion of any objefts, is when they ap 
pear or are placed in the fame right line with the eye. 

jlppARkNT 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 D'tjlance, is that which w'e judge an ob- 
jedl to be from us when feen afar off; and which isal- 
moft always very different from the true diftance. 

APPARENT Figure, is the figure or fhape under which 
an objeft appears when viewed at a diftance ; and is 
often very different from the true figure. Thus a 
ftraight line, viewed at a diftance, 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 diftant body that moves, the eye at the 
fame time being either in motion or at reft ; or that 
motion which an objedt at reft feems to have, while 
the eye itfelf only is in motion. 

APPARENT Place of a Planet, &c. in aftronomy, is 
that point in the furface of the fphere of the world 
where the centre of the luminary appears from the 
furface oi the earth. 

APPARITION, in aftronomy, denotes a ftar’s or 
other luminary’s becoming vifible, which before was 
hid. So, the heliacal rifmg, is rather an apparition 
than a proper riling. 

ARCH, in building, is an artful difpofition andad- 
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, and 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 
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Hence, in viewing in need of {hade from the fun than of fhelter from the Arch. 

inclemency of the weather. A very fmall addition to V~~v—< 
the fliade of the woods ferved them for a dwelling, „f 
Sticks laid acrofs from tree to tree, and covered with architec- 
h ruth wood and leaves, formed the firft houfes in thofe ure ct n- 
delightful regions. As population and the arts impro-Wit^ 
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 
connedlion between the inhabitant and the foil became 
now more conftant and more interefting. The wifti to 
preferve this connexion was natural, and fixed efta- 
blifhments followed of courfe. Durable buildings were 
more defirable than thofe temporary and perifhable cot- 
tages— ftone 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. ^ 

This view of ornamental architedlure will go far to Origin of 
account for fome of the more general differences of na- Greek ir- 
tional llyle which may be obferved in different parts of L^tet ii*re' 
the world. The Greeks borrowed many of their arts 
from their Afiatic neighbours, who had cultivated them 
long before. It is highly probable that architedlure 
travelled from Perfia into Greece. In the ruins of Shu- 
{han, Perfepolis, or Tchilminar, are to be feen the firft 
models of'every thing that diftinguilhes the Grecian ar- 
chitectures. There is no doubt, we fuppofe, among 
the learned, as to the great priority of thele 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 
ordonnance 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 Tufcan 
and Doric orders; the modillions no lefs diftinft; the 
rudiments of the Ionic capital; the Corinthian capital 
in perfe&ion, 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 diftance 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 ftrort, we fee every thing of the Grecian 
architedlure but the Hoped roof or pediment ; a thing 
not wanted in a country where it hardly ever rains. 4 

The ancient Egyptian architedlure 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 projedlions. s 

The Arabian architedlure feems a refinement on the Arabian, 

tent. A mofque is like a little camp, confifting of a and 
number 
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Arch, number of little bell tents, lluck dole together round a 

v—v——' 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 Conllantinople has imi- 
tated this in fome degree; and the copies from it, which 
have been multiplied in Ruffia as the facred form for a 
Chriitian church, have adhered to the original model of 
cluftered tents in the ftridteft manner. We are fome- 
times difpofed to think that the painted glafs (a fafhion 
brought from the Eait) was in imitation of the painted 

^ hangings of the Arabs. 
Chinefe ar- The Chinefe architefture is an evident imitation of a 
chite&ure. 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 llojie-buildings of the Greeks, the roofs were 
imitations of the wooden ones; hence the lintels, flying 
corniches, ceilings in compartments, &c. 

The pediment of the Greeks feems to have fuggefted 
the greateft improvement in the art of building. In 
erefting their fmall houfes, they could hardly fail to ob- 
ferve occafionally, that when two rafters were laid to- 
gether, from the oppofke walls, they would, by leaning 

Plate!, 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 refleftion. It was a pretty obvious 
reflection, 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 difpolition reprefented 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 aft 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 preflure (independent of thtir 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 friftion arifing from the horizontal 
thruft exerted by the adjoining ftones. 

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

_ We are difpofed to give the Greeks the merit of this 
difcoyery ; for we obferve arches in the moft 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 
reai arches in any monuments of ancient Periia or E- 
gypt Sir John Chardin fpeaks of numerous and ex- 
tenfive fubterranean paftages at Tchilminar, built of 
the moft exquilite mafonry, the joints fo exaft, and the 
ftones fo beautifully dreffed, that they look like one 
continued piece of polilhed marble; but he nowhere 
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fays that they are arched; a circumftance which we Arth. 
think he would not have omitted—no arched door 
or window is to be feen. Indeed one of the tombs 
is fa id to be 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 conftruftion 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 arifen in Etruria, and originated in all probabilitv 
from the employment of the augurs, whofe bufinefs ft 
was to obferve the flight of birds. Their ftations for 
this purpole were templa, fo called a templando, “ on the 
fummits of hills.” To fhelter fuel) a perfon from the 
weather, and at the fame time allow him a full profpeft 
of the country around him, 1.0 building was fo proper as 
a dome fet on columns; which accordingly is the figure 
of a temple in the moft ancient monuments of that coun- 
try. We do not recolleft 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 architecture 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 rubbifli of the vault, or mark of « 
the fpring of the arch. It is not unfrequent, however, ft was ufed 
after the Roman conquefts, and may be feen in Athens,at on,3r 

Delos, Palmyra, Balbek, and other places. It is very !,r dges 

frequent in the magnificent buildings of Rome; fuch 
as the Cohfeum, the baths of Dioclefian, and the tri- 
umphal arches, where its form is evidently made the 
objeft of attention./ But its chief employment was in 
bridges and aquedlifts ; and it is in thofe works that 
its immenfe utility is the moft confpicuoils For by this 
happy contrivance a canal or a road may be carried 
acrofs any ftream, where it would he almoft impoffible 
to ereft piers fufficiently near to each other for carry- 
ing lintels. Arches have been executed 130 feet wide, 
and their execution demonftrates that they may be* 
made four times as wide. 

As fuch ftupendous arches are the greateft perform- Difficulty 
ances of the mafon.c art, fo they are the moft difficult of conftruc- 
and delicate. When we refleft on the immenfe quart- ting 
tity of materials thus fufpended in the air, and compare 
this with the fmall cohefion which the firmeft cement 
can give to a building, we fhall be convinced that it is 
not by the force of the cement that they are kept to- 
gether : they ttand faft only in confequence of the 
proper balance of all their parts. Therefore, in order 
to ereft them with a well-founded confidence of their 
durability, this balance fhould be well underftood and 
judicioufly employed. We doubt not but that this was 
underftood in iome degree by the engineers of antique. 

ty*. 
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ty ; but they have left us none of their knowledge. 
They muft have had a great deal of mechanical know- 
ledge before they could erect the magnificent and beau- 
tiful buildings whofe ruins flill enchant the world ; but 

of the Dio- they kept it among themfelves. We know that the 
uyfiacs. Dionyliacs of Ionia were a great corporation of archi- 

tefts and engineers, who undertook, and even monopo- 
lized, the building of temples, fladiums, 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 myfti- 
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 doctrines, 
under the tuition and tutelage' of Bacchus, to whom 
they built a magnificent temple at Teos, wdiere 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 fciences, 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 imtnenfe apparatus of machinery for the cele- 
bration of fome of their myfteries ; and that the Dio- 
nyfiacs contra£led for thofe jobs, even at far diftant 
places, where they had not the privilege of building the 
edifice which uTas to contain them. This is the moft 
likely w'ay of explaining the very fmall quantity of me- 
chanical knowdedge 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 
archite&s in terms of refpedl next to veneration. The 
Collegium Murariorum, or incorporation of mafons at 
Rome, does not feem to have fhared the fecrets of the 
Dionyfiacs. 

The art of building arches has been moft affiduoufly 
cultivated by the aftbciated builders of the middle ages 

derfl od in t^e d1ri^Han church, both Saracens and Chriftians, 
the middle an<^ ^eem to ^ave inclu^gecl ^ with fondnefs : 

they multiplied and combined arches without end, 
placing them in every poffible fituation. 

Having ftudied this branch of the art of building 
with fo much attention, they were able to ereft the 
moft magnificent buildings with materials which a 
Greek or Roman architedl could have made little or 

Betteimhan no ufe of. There is infinitely more fcientific flcill dif- 
by fhe played in a Gothic cathedral than in all the buildings 

Romans.an<1 ^reece anc^ K-ome* Indeed thefe laft exhibit very 
little knowledge of the mutual balance of arches, and 
are full of grofs blunders in this refpedl; nor could 
they have refilled the ftiock of time fo long, had they 
not been almoft folid mafies of ftone, with no more ca- 

T4 vity than was indifpenfably neceflary. 
Defe&s of Anthemius and Ilxdorus, whom the Emperor Jufti- 
the church nian had felefted as the moft eminent architedts of 

St Sopk‘a Greece for building the celebrated church of St Sophia 

tingle an at Conftantinople, feem to have known very little of 
this matter. Anthemius had boafted to Juftinian, 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 he attempted to raife it on 
the heads of four piers, diftant from each other about 
j 15 feet, and about the fame height. He had probably 
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feen the magnificent vaultings of the temple of Mars the Arch. 
Avenger, and the temple of Peace at Rome, the thrufts "*— 
of which are withftood by two mafies of folid wall, 
which join the fide walls of the temple at right angles, 
and extend fidevvife 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 imme-nfe but- 
treffes along their foundations. He therefore placed 
four buttreffes to aid his piers. They are almoft folid 
mafles 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 effectually fecmed them 
from th.e thrufts of the two great arches of the nave 
which lupport the dome"; but there was no fuch pro- 
vifion againft the pufli of the great north and fouth 
arches. Anthemius trufted for this to the half dome, 
which covered the femicircular call end of the church, 
and occupied the whole eaftern arch of the great dome. 
But when the dome was finifhed, and had ftood a few 
months, it pufiied the two eaftern piers with their but- 
treffes from the perpendicular, making them lean to the 
eaftward, and the dome and half dome fell in. Ifidorus, 
who iucceeded to the charge on the death of Anthe- 
mius, ftrengthened 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 pu(h which was fo 
evidently direCled that way, ereCted fome clumfy but- 
treffes on the eaft wall of the fquare which furrounded 
the whole Greek crofs, and was roofed in with it, form- 
ing a fort of eloifter round the whole. Thefe buttreffes, 
fpanning over this eloifter, leaned againft the piers of 
the dome, and thus oppofed the thrufts of the great 
north ^nd 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, notwithftanding 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 lowed arcade was very 
lofty, fupported by four noble marble columns, and thus 
preferved, in fome rneafure, the church in the form of 
a Greek crofs. The ftory above formed a gallery for 
the women, and had fix columns in front, fo that they 
did not bear fair on thole below. The third ftory wa® 
a dead wall filling up the arch, and pierced with three 
rows of fmall ill-(haped windows. In this unworkman- 
like (hape it has ftood till now, and is the oldeil 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 (hows that the ancient 
architects had acquired no diftind notions of the aftion 
of arches. Almoft any mafon of our time would know, 
that as the fouth arch would pu(h the pier to the ealt- 
ward, while the eaft arch pufhed it to the fouthward, 
the buttrefs which was to withftand thefe thrufts mull 
not be placed on the fouth fide of the pier, but on the if 
fouth-eaft fide, or that there muft he an eaftern as well Suc^ as art. 
as a ibuthern buttrefs. Ho fuch blunders are to be feen ^Gothic 

in church. 
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in a Gothic cathedral. Some of them appear, to a care- 
lefs fpe&ator, to be very maflive and clumfy; but when 
judicioufly examined, they will be found very bold and 
light, being pierced in every direftion by arcades, and 
the walls are divided into cells like a honeycomb, fo 
that they are very fliff, while they are very light. 

About the middle, or rather towards the end, of laft 
century, when the Newtonian mathematics opened the 
road to true mechanical fcience, the conftru&ion of 
archesengrofled the attentionof the firftmathematicians. 

Dr Hooke’s 1 he firft hint of a principle that we have met with is 

archelPle ^00^e,s afferti°n» that the figure into which a chain arc es or rope, perfe&ly flexible, will arrange itfelf when fuf- 
pended from two hooks, is, when inverted, the proper 
form for an arch eompofed of ftones of uniform weight. 
This he affirmed on the fame ^principle which is made 
ufe of in the Encyclopaedia Britannica in the article 
ROOF, $ 25. viz. that the figure which a flexible fcf- 
toon of heavy bodies afliimes, 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 laft cafe, are equal and op- 
pofite to the forces with which they pull at each other 
in the cafe of fufpenfion. 

This principle is ftriftly juft, and may be extended 
to every cafe which can be propofed. We recolledf fee- 
ing it propofed, in very general terms, in the St James’s 
Chronicle in 17 S9» when plans were forming for Black- 
friar s Bridge in London ; and tince it is perhaps equal, 
in practical utility, to the moft elaborate inveftigations 
of the mathematicians, our readers will not be difpleafed 
with a more particular account of it in this place. 

Let ABC (fig. 6.) be a parcel of magnets of any 
fize and fhape, and let us fuppofe that they adhere with 
great force by any points of contadl. They will com- 
pofe fuch a flexible feftoon as we have been fpeaking 
of, if fufpended from the points A and C. If this fi- 
gure be inverted, preferving the fame points of contaft, 
they will remain in equilibrio. It will indeed be that 
kind of equilibrium which will admit of no difturbance, 
and which may be called a tottering equilibrium. If the 
foim be altered in the fmalleft degree, by varying the 
points of contaft (which indeed are pi.hits in the^-wr^ 
of equilibration'), the magnets will no more recover their 
former pofition than a needle, which we had made to 
Hand on its point, wn’ll regain its perpendicular pofition 
after it has been difturbed. 

But if we fuppofe planes de,fg, hi, &c. drawn, that 
the points of mutual contaft a, b, c, each bifeding the 
angle formed by the lines that unite the adjoining con- 
tads (fg, for 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 fides, 
which meet in the planes de,fg, hi, &c. it is evident 
tuat we {hall have an arch of equilibration, and that the 
arch WM.11 have fome liability, or will bear a little change 
of form without tumbling down: for it is plain that 
the equilibrium of the original feftoon obtained only in 
the points a,b,c, of contad, where the preflures were 
perpendicular to the touching furfaces; therefore if the 
curve a,b, c, ftill paffes through the touching furfaces 
perpendicularly, the conditions that are required for 
equilibrium ftill obtain The cafe is quite fimilar to 
t at of the liability of a body refting 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 
Hand, but will require fome force to pufti it over. In 
the original feftoon, 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 A or C. In like manner, when 
the feftoon 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 {hiding of the points of contad: 
will be juft the contrary to wdiat it ftiould be to fuit 
the new curve of equilibration. But if the fame weight 
be laid on the fame part of the arch now conftruded 
with flat joints, it will be fuftained, if the new curve of 
equilibration ftill pafies through the touching furfaces. 

Thefe conclufions, which are very obvioufly dedu- 
cible from the principle of the feftoon, fliew us, without 
any further difeuffion, that the longer the joints are, 
the greater will be the liability of the arch, or that it 
will require a greater force to break it down. There- 
fore it is of the greateft importance to have the arch 
ftones as 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 ftiffnefs, and enabled them to fup- 
port the unadorned copartments of the roof, compofed 
of very fmall Hones, feldom above fix inches thick. 
Many old bridges are Hill remaining, which are ftrength- 
ened in the fame way by ribs. 

Having thus explained, in a very familiar manner, 
the liability 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 AndL 
arch which ffiall have the fpan AB (fig. 7.), and the plied, 
height F 8, and which ftiall have a road-way of the di- 
menfions CDE above it. Let the figure ACDEB be 
inverted, fo as to form a figure Acdelb. 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, /, 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-way cde. The greater lengths that 
are hung on in the vicinity of A and B will pull down 
thefe points of the chain, and caufe the middle point f 
(which is lefs loaded) to rife a little, and will bnW it 
near to its proper height. 

It is plain that this procefs will produce an arch of 
perfect equilibration ; but fome farther confiderations 
are neceffary for making it exaaiy 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/B 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- 
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nefsof thearch-ftones as great as arc thought fufficient to 

’ enfure ftability ; then compute the weight of the arch 
ftones, and the weight of the gravel or rubbiih 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 muft 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 ftiivers. We made a previous 
computation, on the fuppofition that the arch was to 
be nearly elliptical. The diftance between the points 

3, &c. were adjufted, fo as to determine the pro- 
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more in detail. This theory aims at fuch an adjuft- 
ment of the pofition of the arch-ftones to the load on 
every part of the arch, that all fhall remain in equili-Tj.eory. 
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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 expeft- 
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 conftrufted the curve ma- 
thematically. It did not differ fenfibly from this mecha- 
nical conftru&ion. 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 
exaft 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- 
je£l to any conditions. 

The chief defeft 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 {hall fee by and by. It 
is not material: for, in the very neighbourhood of the 
piers, we may give it any form we pleaie, becaufe the 
mafonry is folid in that place ; nay, we apprehend that 
a deviation from the curve of equilibration is pioper. 
The conftru&ion of that curve Juppofes that the pref- 
fure on every part of the arch is vertical'; but gravel, 
earth, and rubbifir, exert fomewhat of a hydroftatical 
preffure laterally in the a& of fettling, and retain it 
afterwards. This will require fome more curvature at 
the haunches of an arch to balance it ; hut what this 
lateral preffure may he, 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? 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 

brio, although the joints be perfe&ly poliftied, and with- founded on- 
out any cement. The whole may be reduced to two this priu- 
problems. The firft is to determine the vertical pref-^12, 

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 (hall 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 propofition in that lec- 
tion ftates the proportions between the various prefiures 
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 dire&ion, is 
the fame throughout,and maybe reprefented by any ho- 
rizontal line BT.’,fig. 8. (ROOFS,fig. 10 Pl.CCCCXL); 
and that if a vertical line QTS be drawn through T, 
the thruft exerted at any angle D by the piece CD, in 
its own direftion, will then be reprefented by BR, 
drawn parallel to CD ; and in like manner, that the 
thruft in the direction 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 preffures 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. at 

To accommodate this theory to the conftru&iem of 
a curvilineal arch vault, let us firft fuppofe the vault to

rUted'0tiis 
o VU.    ' ~~r \ 1 * 1 1 conftruc- 
be polygonal, compofed of the cords or the elementary tion 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 {hall confider as the axis or abfciffa 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 defcribe 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- 
fcribe a circle BCDQ^pafling through B, C, D. Its 
centre O will let in a line COQ^ which bifedls the 
angle BCD ; and C d, which touches this circle in C, 
will hifeft 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. Through L 
draw the tangent GLM, meeting CD in G, and the 
vertical line^QM m M. Draw the tangent F <7, cutting 
the cords BC, CD, in b and d, and the tangent to the 
circle BCDQin c. Laftly, draw r/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, C d and r k 
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Cb will fcverally reprefent the thruHs exerted by the 

'piecesDC, BC, and that bd, or CN, will reprefent the 
weight lying on the angle BCD, by which thofe thrults 
are balanced. 

As the reader may not have the article Roof at 
hand, this equilibrium may be recalled to his remem- 
brance in the following manner : Produce dC to o, fo 
that Co may be equal to Cd. Draw b n to the verti- 
cal parallel to dTb, and join no. It is evident that 
£ « cC is a parallelogram, and that nC (=z bd) = CN. 
Now the thruft or fupport of the piece BC is exerted 
in the direction Cb, while that of DC is exerted in the 
direction 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 £CF and MCL are equal. 
Therefore the right angled triangles bCY and MCL 
are ftmilar. And fince CF is equal to CL, cb is equal 
to CM. It is evident that the triangles GCM and 
JCN are fimilar. Therefore CG : C d =: CM : CN, 

C^xCV 
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angle AEG. Therefore we have F.R I'E? ~ Rad. { Arth. 
Sec. Elev. —y—. 

If therefore the arqh is kept in equilibrio by the ver- 
tical preflure of a wall, we mull have the height of the 

wall above any point proportional to -^ec.3 Elev. 
Rad. of Curv 

Cor. I. If OS be drawn perpendicular to the verti- CnrntL.v. 
cal CS, CS 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 i : Sec. Elev. 
=r CS : CO, and the fecant of elevation may be expref- 
r,, co J . , , CO* led by and its cube by -j^. Therefore the height 

of wall is proportional to , nr tn nr 
^ * CS^xCO’ CST’ 

CO* or to Sec.* of Elev. 
CS'XCS Vert. Cordof Curv. 

Cor. II. If we make the arch VC = », the abfcilfa 
VH = *, the ordinate HC —y, the radius ofeuli CO = r, 
and the 4 vertical cord CS=r j, the height of wall pref* 

~Cb: CN. Therefore we have CN = 
CG But 

becaufe CDP and CLG are right angles, and therefore 
.equal, and the angle GCP is common to the tw'o 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 T>Cd, or DC£ (becaufe bCd 
is bifected by the tangent), that is, to PCQ^ (becaufe 
the right angles £CP, rDO are equal, and cDP is 
common). Therefore PQJs equal to PC ; and if PO 
be drawm perpendicular to CQ_, it will bifedit, and O 
is the centre of the circle BCDQB. 

Now let the points B and D continually approach to 
C (by diminilhing 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 c*. 
Therefore CN, the vertical load on any point of a 

curve of equilibration, is = Cr* 
Rad. Curv. 

It is farther evident, that CF is to Cr 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 ^ec* ^ev‘ 

Rad. Curv. 
I his load on every elementary arch of the wall is 

commonly a quantity of folid matter incumbent on that 
element of the curve, and preffing it vertically; and it 
may be conceived as made up of a number of heavy 
lines Handing vertically on it. Thus, if the element Ee 
of the curve were lying horizontally, a little parallelo- 
gram REer Handing perpendicularly on it, would re- 
prefent its load. But as this element E e has a floping 
pofition, it is plain that, in order to have the fame 
-quantity of heavy matter prefling it vertically, the 
height of the parallelogram muft be increafed till it 
meets in tp, the line Rf drawn parallel to the tangent 
EG. It is evident that the angle REp is equal to the 

flng on any point is proportional to —; or to t—, or 
**4-i"* ySr y*s 

 -. 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 z, *, and^, and the value of r or s. This may 
be illuftrated by an example or two. For this purpofe 
it will generally be moft convenient to afiume 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 1. 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 b. We have-jy- ; —— zz H : b, andZ> = H X ^ 

R r ^ 4* R 
X —• The other formula gives b =r PIX -r-X —. 

r yxs 

. Examp. 1. Suppofe the arch to be a iegment of a Udhtted 
circle, as in fig. 10. where AE is the diameter, and O by exarn- 
the centre. In this arch the curvature is the famePies* 

throughout, or —1. Therefore A = H X or 

= H X Cube Sec. 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 conftru&ion. Draw the 
vertical CS, cutting the horizontal diameter in S. Draw 
ST, cutting the radius OC perpendicularly in T. Draw 
the horizontal line Ta, cutting the vertical in %. Join 

Make Ca = Vr, and draw 1/* parallel to aij. Ce 
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 T*?th of VC, the points v and c will be on 
a level; for the fecant of CV is twice CO, and there- 
fore Of is 8 times Vv, which is 4th of VH. 

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

calculus or conftruaion." It falls confiderably below 
the horizontal line in the neighbourhood of c; and 
then, palling very obliquely through c, it rifes rapidly 
to an unmeafurable height, becaufe the vertical line 
through A is its alTymptote. This mull evidently be 
the cafe with every curve which fprings at right angles 
with a horizontal line. 

It is plain that it “uV be greater, all the other ordi- 
nates of the curve vg cf, retting on the circumference 
AVE, will be greater in the fame proportion, and the 
curve will cut the horizontal line drawn through v in 
fome point nearer to v than c is. Hence it appears 
that a circular arch cannot be put in equilibiio 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 °f t^ie 

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 °* ^ie fpan CM, whereas it 
fhould have been almoft double of this, to bear the in- 
equalities of weight that may occalionally be on it. 
When the crown is made ftill thinner, the outline is 
ftill more depreffed before it rifes again. I here is theie- 
fore a certain ipan, with a correfponding thicknefs at 
the crown, which will deviate leail of all fiom a hori- 
zontal line. This is an arch of about 54 degrees, the 
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.), 
of which V is the vertex, and DG the direarix- Draw 
the diameters DCF, GVN, the tangents CK, VP, and 
the ordinates VF and C N. It is well known that GV 
is to DC as VP2 to CK2, or as CM2 to CK2. Alfo 
2 GV is the radius of the ofculating circle at V, and 
2 DC is one-half of the vertical cord of the ofculating 
circle at C. Therefore CN2: CK2 (or f : z1) =: R : s, 

Arch. 
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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 moft ufual queftion of the two, at leaft in y0 ^ 
cafes which are moft important and moft difficult. Of form of an 
thefe perhaps bridges are the chief. Here the neceffi-arch when 
tv of a road-way, of eafy and rc- ilar afeent, confines tl’e flgur® } . „  L . • «... 0t lts DaC* **J ^ * j j j 9 o* 
us to an outline nearly horizontal, to which the curve -s g^veil 
of the arch muft be adapted. This is the moft difficult 
problem of the two ; and we doubt whether it can be 
folved without employing infinite approximating ferie- 
fes inftead of accurate values. 

Let ave (fig. 12.) be the intended outline or ex- 
trados of the arch AVE, and let <uQJ)e the common 
axis of both curves. From c and C, the correfponding 
points, draw the ordinates c h, CH. Let the thicknefs 

V at the top be a, the abfeiffa u A be = «> a»d VH 
= x, and let the equal ordinates c h, CH be y, and the 
arch VC be z. 

Then, by the general theorem, being cC = , 
ry3 

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

This gives us c C 
y x — x y or 

y x—x y 
yx — xy vr where C is a conftant quantity. 

y 
found by taking the real value of r C in V, the vertex 
of the curve. But it is evident that it is alfo = a 4- w 

y x 

 tt. Therefore a-}-* — « = —2 
y 

X fluxion of i • 
y 

■ x y 
xc,= 

and s zz — R. But Cr, or ^ _ H X 
R 

‘ s‘ 
Therefore 

& = HX 
R H X 

R 
R7 = H. Therefore 

V2 K 
-a 
y 

C^r^fV. . 1 t_ t 
It follows from this inveftigation, that the back or 

extrados of a parabolic arch of equilibration muft be 
parallel to the arch or foffit itfelf; or that the thicknefs 
cf the arch, eftimated in a vertical diredion, muft be 
equal throughout ; 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 perfpicuity of the folutions, which have 
Keen effe&ed by means of elementary geometry only, 
inftead of employing the analytical value of the radius 

©f the ofculatory circle, viz. which would 
y x — x y 

liave involved us at leaft in the elements of fecond 
fluxions. We have alfo preferred fimplicity to ele- 
gance in the inveftigation, becaufe we wiffi to inftru£t 
the pradical engineer, who may not be a proficient in 
the higher mathematics. 

If we now fubftitute the true value of u (which is 
given, becaufe the extrados is fuppofed to be of a known 
form), expreffed in terms of y, the refulting equation 
will contain nothing but x and y, with their firft and 
fecond fluxions, and known quantities. From this equa^ 
tion the relation ofxandj muft be found by fuchmethods 
as feem beft adapted to the equation of the extrados. . 

Fortunately the procefs is more Ample and eafy in 
the moft common and ufeful cafe than we ffiould ex- 
peft 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 to 0. 

Example. To find the form of the balanced arch 
AVE (fig. 13.), having the horizontal line cv for its 
extrados. 

Keeping the fame notation, we have « = 0, and. 
0/ 

therefore a 4- x = ^-X fluxion of —. 
y v 

C X 
A flume y = -; then ^-= v, and t- X fluxion of - , 

v y . y y 

- 2E2L, that is a + * = Therefore ax+ xx 
x x 

= Ci> ; and by taking the fluents, we have 2 ax+x* 

= C tr2; and v = JConfequently, 

Plats-K 

y~   — fbeing == —V Taking the fluent 
V 6 W 

of 
\/ 2 ax X... 
this, we have y — 4/ CXl»(2rfl*+2JC 

a 
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Arch. 2 2 a » + x-). But at the vertex, where x =z o, 

we iiave y _ <y/CxL(2«). The corrected fluent is 

therefore = y' C X L 
+ x + 2 ax -}- 

It only remains to find the conftant quantity C. 
This we readily obtain by feletting fome point of the 
extrados where the values of x and _y are given by par- 
ticular circumftances of the cafe. Thus, when the 
fpan 2 s and height h of the arch are given, we have 

, = ✓ C X L ( a + i +yig±E), and confe- 

quently 
fa b 2 a h h^\ 
\ ~ 1 

Therefore 

the general value ofy—f X- 
■c 

+ X 4* V 2 a x -\- r 2 a x -Jf- x*\ 
i ) 

■(- 
h a/ 2 a h h’1' 

a-\-h + 2ah -\-h ^7.XL- 
x + \/ 2 a x x*. 

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 iOO feet, and the height 40; 
which are nearly the dimenfions of the middle arch of 
Blackfriars Bridge in London. 

o 
2 
4 
6 
8 

10 
12 
r3 
'4 
15 
16 
17 
18 
W 
20 

6,000 
6,035 
6,144 
6,324 
6,580 
6,914 
7>J3° 
7,57i 
7»834 
8,120 
8,430 
8,766 
9,168 
9’517 
9-934 

21 
22 
23 
24 
25 
26 
27 
28 
29 
3° 
31 

32 
33 
34 
35 

10,381 
10,858 
11,368 
11,911 
12,489 
13,106 
13,761 
14,457 
15,196 
15,980 
16,811 
17,693 
18,627 
19,617 
20,665 

36 
37 
38 
39 
40 
41 

42 
43 
44 
45 
46 
47 
48 
49 
50 

2i,774 
22,948 
24,190 
25,505 
26,894 
28,364 
29,919 
3I>563 
33,299 
35,*35 
37,°75 
39,126 
41,293 
43,58i 
46,000 

46 
Oefefts of 
the Cati-r • 
nan curve. 

The figure for this propofttion is exaftly drawn ac- 
cording to thefe dimenfions, that the reader may judge, 
ef it as an objedf of fight. It is by no means deficient' 
in gracefulnefs, and is abundantly roomy for the paflage 
of craft ; fo that no objeftion 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, 
which is commonly faid to be the heft form for an arch; 
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but this thicknefs is fo great as to make it unfit for a Arch, 
bridge, being fuch that the preffure at the vertex is f 

equal to the horizontal thruff. 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 iufficient to inform him that in a Ca- 
tenarian arch of equilibration the abfciffa VH is to the 
abfciffa v bin the conffant ratio of the horizontal thruil 
to its excels above the preffure on the vertex. 

This much will ferve, we hope, to give the reader alnutility of 
clear notion of this celebrated theory of the equilibriumtlie coni- 
of arches, one of the moff delicate and important appli-™')n ^ory 
cations of mathematical fcience. Volumes have beenbraaou.' 
written on the fubjedt, and it ftill occupies the atten- 
tion of mechanicians. But we beg leave to fay, with 
great deference to the eminent perlons who have profe- 
cuted this theory, that their ipeculations have been of 
little fervice, and are little attended to by the practi- 
tioner. Nay, we may add, that Sir Chriffopher Wren, 
perhaps the molt accompli(hed architedf that Europe 
has teen, feems to have thought it of little value : for, 
among the fragments which have been preferved of his 
ftudies, there are to be feen fome imperfcft diffcrtations 
on this very fubjedt, in which he takes no notice of this 
theory, and conliders the balance of arches in quite an- 
other way. Thefe are collected by the author of the 
account of Sir Chriftopher Wren’s family. This man’s 
great fagacity, and his great'experience in building, and, 
It ill more his experience in the repairs of old and crazy 
fabrics, had fhewn him many things very inconfiftent 
with this theory, which appears fo fpecious and fate. 
The general facts which occur in the failure of old 
arches are highly inftrudtive, and deferve the molt care- 
ful attention of the engineer; for it is in this ftate that 
their defects, and the procefs of nature in their deftruc- 
tion, are moft diftindtly ften. We venture to alfirm, 
that a very great majority of thefe facts are irreconcile- 
able to the theory. The way in which circular arches 
commonly fail, is by'the finking of the crown and the 
rifing of the flanks. It will be found by calculation,, 
that in moil of the cafes it ought to have been juit the 
contrary. But the cleared proof is, that arches very 
rarely fail where their load differs moft remarkably from 
that which this theory allows. Semicircular arches have 
ftood the power of ages, as may be feen in the bridges 
of ancient Rome, and in the numerous arcades which 
the ancient inhabitants have eredted. Now all arches 
which fpring perpendicularly from the horizontal line, 
require, by this theory, a load of infinite height; and, 
even to a conliderable diftance 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 molt rare phenome- 
non, if it ever was oblerved. Here is a moft remark. but a little reflediion will convince him, that although 

it is the only form for an arch confifting of ftones of, able deviation from the theory ; for, as is already ob 
equal weight, and touching each other only in fingle. ferved, the load is frequently not the fourth part of 
points, it cannot fuit an arch which muft be filled up in what the theory requires. 
the haunches, in order to form a road-way. He will Many other fadfs might be adduced which fhew great - 
be more furprifed to hear, after this, that there is a 
certain thicknefs at the crown, which will put the Ca- 
tenaria in equilibrio, even with a horizontal road-way; 

deviations from the legitimate refults from the theory. 
We hope to be excufed, therefore, by the mathemati- 
cians for doubting of the juftnefs of this theory. We 

do- 
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Arch, ao not think it erroneous, but defeaive, leaving out 

circumftances which we apprehend to be of great im- 
j portance; and we imagine that the defedts of the theory 

have arifen from the very anxiety of the mechanicians 
to make it perfed. The arch-ftones are fuppofed to 
be perfe&ly fmooth or polifhed, and not to be connedt- 
ed by any cement, and therefore to fultain each other 
merely by the equilibrium of their vertical preifure. 
The theory enfures this equilibrium, and this only, 
leaving unnoticed any other caufes of mutual adtion. 

The authors who have written on the fubjedt fay ex- 
prefsly, that an arch which thus fuftains itfelf mult be 
ftronger than another which would not; becaufe when, 
in imagination, we fuppofe both to acquire connedtion 
by cement, the firft preferves the influence of this con- 
nedtion unimpaired ; whereas in the other, part of the 
cohelion is wafted in counteradting 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 preflures, or, where different, were in- 
conliderable in comparifon with thofe which are really 
attended to in the conftrudtion. 

But this is by no means the cafe. The forms which 
the ufes for which arches are eredted oblige us to adopt, 
and the loads laid on the different points of the arch, 
frequently deviate conftderably from what are neceftary 
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 adt in a vertical diredlion, 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 fuftained 
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 adts 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 bow to explain the liability of an arch cut 
out of a folid and uniform mafs of rock. His theory 
conftders the mutual thrufts of the arch ftones as in the 
diredlion of the tangents to the arch. Why fo ? be- 
caufe be fuppofes that all his polifhed joints are perpen- 
dicular to thofe tangents. But in the prefenl cafe he 
has no exifting joints; and there feems to be nothing to 
diredthis imagination in the affumption of joints, which, 
however, are abfolutely neceffary for employing his 
theory, becaufe, without a fuppofition of this kind,there 
feems no conceiving any mutual abutment of the arch 
ftones. 'Afk a common, but intelligent, mafon what 
notion he forms of fuch an arch ? We apprehend that 
he will conftder it as no arch, but as a lintel, which 
may be broken like a wooden lintel, and which refills 
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 
given it any additional ftrength. Nor would there be 
any change made in the way in which fuch a mafs of 
Hone 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 afide (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 diredl- 
ed downwards, and converging to a point within the 
arch, the broken flone (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 ailing, the mind cannot trace any thing of the ftn- 
tical equilibrium that we have proceeded on in the 
foregoing theory. The two parts of the broken lintel 
feem to pufti the piers afide in the fame manner that 
two rafters pufh outwards the walls of a houfe, when 
their feet are not held together by a tie-beam. If the 
piers cannot be pufhed 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 ftn’Hly true if the arch is of 
fuch a form that a flraight 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, 1. 
or if it confift of feveral ftones, as in fig. »4. 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. 

But when ftraight lines cannot be drawn from the When it is 
overloaded part to the firm abutments through the fo be bailee 
lid mafonry, and when the cohefion of the parts is not 
able to withftand the tranfverfe ftrains, we mull call theder. 
principles of equilibrium to our aid ; and in order to 
employ them with fafety, we mull confider how they 
are modified by the excitement of the cohering forces. 

The cohefion of the ftones with each other by ce- 
ment or otherwife, has, in almoft every fituation, a bad 
effeft. 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 connects 
the heads of the lower rafters were fawn through. This 
can be prevented only by loading that part more than 
is requifite 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 expe£l that it will be faid in anfwer to all this, 
that the cohefion given by the ftrongefl 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 ftate of continual exertion in the different 
parts of an arch. This is very true; but there is an- 
other force which produces the fame effeft, and which 
increafes nearly in the proportion that thofe thrufts in- 
creafe, becaufe it arifes from them. This is the fridlion 
of the ftones on each other. In dry freeftone this fric- 
tion confiderably exceeds one half of the mutual pref- 
fure. The refledling reader will fee that this produces 
the fame effedl, in the cafe under confideration, that 
cohefion would do ; for while the arch is in the a£l of 
failing, the mutual preffure of the arch-ftones is a&ing 
with full force, and thus produces a fridlion more than 

adequate 
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adequate to all the effeas 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), 

from off them till the whole took a firmer bed. The 
fubfequent phenomena are evident confequences of this 
diftnbution and modification of preflure, and can hard- 
ly be explained in any other way; at leafl not on the 
theoretical principles already fet forth : for in this 

Arch. 

bridge the loads at B and D were very confiderably 

Sns aa .any arch-ftone, -^-^e.pierced (fo to F^d 
fpeak) by one fiiaig_ t me, an J r moft inftruftke, fhowing that there was an ex- luear*. j vj j   7 . . ' * 
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.), but 
without their braces and ties. It tends to break at all 
thofe angles ; and it is not fufficiently refifted theie, 
becaufe the materials with which the flanks are filled 

G, was moft inftruftive, fhowing that there was an ex- 
traordinary preffure at the inner joints fn thofe places, 
which cannot be explained by the ufual theory. 

Not fatisfied with this fingle obfervation, after this 
way of explaining it occurred to us, and not being able 
to find any fimilar fa6t on record, the writer of this ar- 

riiur:XCthWat the angl Ss no load tide got fo.e (.all model, of arches executed in chalk, 
except what is immediately above it; whereas it Ihould and " “any 
be immediately loaded with all the weight which is dit- mg lome geneia 
fufed over the adjoining fide of the polygon. This will 
be the cafe, even though the curvilineal arch be per- 
feftly equilibrated. We recoiled fome circumftances in 
the failure of a confiderable arch, which may be worth 
mentioning. It had been built of an exceedingly foft 
and friable ftone, and the arch ftones 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 
prognoftieated its fpee^y downfal, and laid, 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 of feet on each fide, and 
alfo at the very fpringing of the arch. Immediately 
before the fall a fhivering or crackling noife was heard,, 
and a great many chips dropped down from the middle 
between the two places from whence they had dropped 
a fortnight before. The joints opened above at thofe 
new 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. T he crown 
funk a little, and the haunches rofe very fenfibly, and 
in this ftate 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, 
and from thofe points to C and E. Each of the por- 
tions ED, DA, AB, BC, refill as if they were of one 
Hone, compofing a polygonal vault EDABC. When 
th is is overloaded at A, A can defeend in no other way 
than by pufiling 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 
6 and J. This produced the copious fplintering atthofe 
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 ftrain lay all on 

es'which finally produce their downfal. He had the 
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 tht 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 architect; and his reports on the various works 
committed to his charge, fhow that be was in the con- 
tinual habit of making this application. Several fpe- 
cimens remain of his own methods of applying them. 
The roof of the theatre of Oxford, the roof of the cu- 
pola of St Paul’s, and in particular the mould on whioh 
he turned the inner dome of that cathedral, are proofs 
of his having ftudied this theory moft attentively. He 
flour!{bed 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- 
ftruftion of others, and to explain to the Dean and. 
Chapter of Weftminfter his operations in repairing that 
collegiate church, this great architedl confiders an arch 
juft as a fenfible and fagaeious mafon would do, and 
very much in the way that we have juft now been treat- 
ing it: (See Account of the Family of Wren, p. 356, 
&c.) Supported therefore by fuch authority, we would 
recommend this way of confidering an arch to the ftudy 
of the mathematician ; and we would defire the expe- 
rienced mafon to think of the moft efficacious methods 
for refifting this tendency of arches to rife in the flanks. 
Unfortunately there feems to be no precife principle to 
point out the place where this tendency is moft re- 
markable. 

We are therefore highly pleafed with the ingenious 
contrivance of Mr Mylne, the architedl of Blackfriars 
Bridge in London, by which he determines this point 
yvith precifion, by making it impoffible for the over- 

thofe corners of the arch-ftones, and fplintered a little loaded arch to Ipring in any other place. Having thus 
• confined 



ARC [ 24 3 A R C 

At^i. confined the failure to a particular fpot, he with equal 
—v ' 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 (how the fmalleft change 
of fhape, proves that he was not miftaken. Looking 
on this work as the firft, or at lead 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- 
jfances. 

The fpan ka (fig. 16.) of the middle arch is too 
3*- 

Con ft ruc- 
tion of 
JiiarV friars 
llridge. 
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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 
utmofl bardnefs. Its bond is broken by this motion, 
and it is fqueezed up, and never acquires its former 
firmnefs. This is effedfually 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 againft the back of 
the arch-flone ZI and its correfponding one in the ad- 
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feet, and its height OV is 40, and the thicknefs KV joining arch. This courfe connects the feet of the two 
of the crown is fix feet feven inches. Its form is nearly 
elliptical; the part AVZ being an arch of a circle 
whofe centre is C, and radius 56 feet, and the two la- 
teral portions A i B and Z a E being arches defcribed 
■with a radius of 3 5 feet nearly. The thicknefs of the 
pier at a ^ 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 diredfed 
to the centres of their curvature. The joints are all 
joggled, having a cubic foot of hard ftone let half way 
into each. By this contrivance the joints cannot Aide, 
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 arcb- 
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 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 
diteftion paffes through the fulcrum at F, round which 
it is thought that the pier mutt turn in the a& 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 Ihould fall, this arch Ihould 
run no rifle. 

Still farther to fecure the independence of the arch, 
the following conftrudlion was pra&ifed to unite it into 
cne mafs, which (hould 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- 
tijh rag, funk half way in each courfe. Thefe aift 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 Kentifh rag, forming a kind of courfed rubble-work, 
the courfes tending to the centres of the arch. The 
under corner of each arch-ftone projects over the one 
below it. By this form it takes fail hold of the rubble- 
work behind it. Above this rubble there is conilrudl- 
ed the inverted arch I <? G of Portland Hone. 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 ftruck, before the piers are 

arches, preferves the rubble-work from too great com- 
prefilon, and protects it from foaking water. This laft 
circumftance is important; for if the water which falls 
on the road-way is not carried off in pipes, it foaks 
through the gravel or other rubbifii, reffs 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 ftill 
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 ^oo 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 
pradlice. We have feen attempts by other engineers 
to withfland 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 effeCl. . 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. 

32 
The great incorporation of architefts who built the Origin of 

cathedrals of Europe departed entirely from the ftyles Gothic 
of ancient Greece and Rome, and introduced another,arche#' 
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- 
projefting corniches of the Greek orders, they relin- 
quilhed thofe proportions, and adopted a Hyde of orna- 
ment which required no fuch projections : and having 
fubilituted arches for the horizontal architrave or lintel, 
they were now able to ereft buildings of vaft extent 
with fpacious openings, and all this with very fmall 
pieces of ftone. The form which had been adopted for 
a Chriftian temple occafioned many interfe&ions of 
vaultings, and multiplied the arches exceedingly. Con- 
ftant pradlice gave opportunities of giving every poflible 
variety of thefe interfe&ions, 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 architeas moft eminent for inge- 

nuity 
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Arch, nulty and invention. Becoming thus the dupes of their 
i——v—~ own ingenuity, they were fond of difplaying it even 

when not neceffary. At laft arches became their princi- 
pal ornament, and a wall or ceiling was not thought dreff- 
ed out as it fhould be till filled full of mock arches, 
crolfing and butting on each other in every direction. 
In this procefs in their ceilings they found that the pro- 
ije£ting 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 Hones, feldom exceeding fix or 
eight inches in thicknefs. This tracery therefore was 
not a random ornament. Every rib had a pofition and 
direftion 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 

pegenera- any pofitions. This is by no means the cafe in 
:y of that many of the modern imitations of Gothic architefture, 
lyk, even by our belt architects. 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 flyle 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 VII’s 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 neceffary for fuch varieties 
of oblique interfeCtions rnufl. have required confiderable 
(kill, and would at prefent occupy many very expenfive 
volumes of mafons 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 ftrong, and 
permitted confiderable irregularities of preffure—we 
mean the pointed arch. The very deep mouldings with 

34 which it was ornamented, made the arch Hones very 
ireat Ikill long in proportion to the fpan of the arch. But they 
f the a- . had Hudied the mutual thruH of arches on each other 

rchiced‘'C Sreat care 5 an<* t,iey contrived to make every in- vention for this purpofe become an ornament, fo that 
the eye required it as a neceffary part of the building. 
Thus we frequently fee fmall buildings having buttreffes 
at the fides. Thefe are neceffary in a large vaulted 
building, for withflanding the outward thruH of the 
vaulting ; but they are ufelefs when we have a fiat ceil- 
ing within. Pinnacles on the heads of the buttrefies 
are now confidered 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 conHitutes its great ornament, is a load al- 
moH indifpenfably neceffary, for enabling the four prin- 
cipal columns to withfiand the combined thruH of the 
allies, of the nave, and tranfepts. In fhort, the more 
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clofely we examine the ornaments of this architedurc, -Arch, 
the more fhall we perceive that they are effential parts, mr 'r~~‘ 
or derived from them by imitation : and the more we 
confider the whole Hyle of it, the more clearly do we 
fee that it is all deduced from the relifh for arcades, in- 
dulged in the extreme, and pufhed to the limit of pof- 
fibility of execution. 

There is another fpecies of arch which mufi not become ot 
overlooked, namely, the Dome or Cupola, with all itscul’0^a 

varieties, which include even the pyramidal Heeple or 
fpire. 

It is evident that the ere&ion 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 fridion of the materials. At firfi 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 vafi extent, ere&ed by 
ordinary bricklayers, and with materials vafily inferior 
in fize to what can be employed in common arches of 
equal extent, we muH conclude that the circumHance of 
curvature in the horizontal diredion, or the abutment 
of a circular bafe, gives fome affifiance to the artiil. Of 
this we have complete demonfiration 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 fmallefl 
dimenfions ; while a cone of the greatefi magnitude can 
be raifed with very fmall Hones, provided only that we 
prevent the bottom from flying out, by a hoop, or any 6 
fimilar contrivance. And when we think a little of theOf eafier 
matter, we fee plainly, that if the horizontal fedion beC0I1ftruc- 
perftdly round, and the joints be all direded to thetion tha“ 
axis, they all equally endeavour to Aide inwards, while^h'0 

no reafon can be offered why any individual Hone Humid* 
prevail. They are all wedges, and operate only as 
wedges. When we confider any fingle courfe, there- 
fore, we fee that it cannot fall in, even though it may 
be part of a curve which could not Hand as a common 
arch ; nay, we fee that a dome may be conflruded 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 fhall afterwards find that this 
is a Hronger dome by far than if the convexity were 
outwards, as m a common arch. We fee alfo that a 
cone may be loaded on the top with the greateH weight, 
without the fmalleff danger of forcing it down, fo 
long as the bottom courfe is firmly kept from burfling 
outwards. The Hone 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 
perfeft faftty, as long as the bottom courfe is prevent- 
ed from burHing outwards. The reafon is evident : 
1 he preffure on the top is propagated along the cone 
in the direction of the fiant 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. 

For the fame reafons the oftagonal pyramids, which Proper con- 
form the fpires of Gothic architedture, are abundantly ftrua’on o£ 

firm, although very thin. The fides of the fpire 0f
o6ta£°.nal 

Salifbury cathedral are not eight inches thick after the
pyramid8‘ 

octagon is fully formed. It is proper, however, to di- 
D reel 
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reel the joints to the axis of the pyramid, and w make 
the courfing joints perpendicular to the flant fide, be- 
caufethe projecting 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 fides of the odagon which fpnng from 
the angles of the fquare tower. This is done by be- 
ginning a very narrow pointed arch on the fquare tower 
!t 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 architones of the legs. By this difpohtion the 
thrufts arifing from the weight of thefe four panne s are 
made to meet on the maffive mafonry in the middle of 
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 kgs of thole 
arches. In many fpires thefe thrufts are ftdl farther re- 
fifted by iron bars which crofsthe tower, and are hook- 
ed into pieces of brafs firmly bedded in the mafonry of 
the fides. , , 

Examples There is much nice balancing of this kind ^ be ob- 
of fuch con-ferved in the highly ornamented open fpires; inch as 
ftrudion. thofe of Bruffels, Mechlin, Antwerp, &c. We have 

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 needfary for completing the balance of the 
whole. Tall pinnacles, nay, even pillars carrying enta- 
blatures and pinnacles, are to be feen 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 preffure at the 
crown. The fteeple of the cathedral of Mechlin was the 
moil elaborate piece of architeaure in this tafte in the 
world, and was really a wonder ; but it was not calcu- 
lated to withftand a bombardment, which deftroyed it 
in 1578. „ . , , , . r , 

Such frequent examples of irregular and whimlical 
buildings of this kind, ftiow that great liberties may be 
taken with the principle of equilibration without rifk, 
if we take care to fecure 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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eye. 
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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 £ A (fig. 17.) be the curve which pro- 
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-ftones, and that the courfing 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 dimenfions of the arch. 
If we confider.any portion HA h of the dome, it is 
plain that it preffes on the courfe, of which HL is an 
arch-ftone, in a dire&ion b C perpendicular to the joint 
HI, or in the direction of the next fuperior element 
£ £ of the curve. As we proceed downwards, courfe af- 
ter--courfe, we fee plainly that this dire&ion muft 

principles 
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change, becaufe the weight of each coune is fuperadded i 
to that of the portion above it, to complete the preffure 
on the courfe below. Through B draw' the vertical 
line BCG, meeting {lb, produced in C. We may take 
b c to prefs the preffure of all that is above it, propa- 
gated in this diredlion to the joint KL. W e may alfo 
fuppofe the weight of the courfe HI. united in b, and 
adling on the vertical. Let it be reprefented by b F. 
If we form the parallelogram b IGC, the diagonal b G 
will reprefent the dire&ion and intenfity of the whole 
preffure on the joint KL. Thus it appears that this 
preffure is continually changing its direction, and that 
the line, which will always coincide with it, muft 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 ftrongell form, it is the 
weakeft, and it is the limit to an infinity of others, which^ 
are all ftronger than nt. This will appear evident, it 
we fuppofe that b G does not coincide with the curve 
A3 B, but paffes without it. As we fuppofe the arch~ 
(tones to be exceedingly thin from infide to out fide, it L 
plain that this dome cannot ftand, and that the weight of 
the upper part will prefs it down, and fpring the vault- 
ing outwards at the joint KL. But let us fuppofe, on 
the other hand, that b G falls within the curvilineal ele- 
ment 3 B This evidently tends to pu(h the arch-ftonc 
inward, towards the axis, and would caufe it to fiide in, 
fince the joints are fuppofed perfectly fmooth and (lip- 
ping. But fince this takes place equally in every (tone 
of this courfe, they muft all abut on each other in the 
vertical joints, fqueezing them firmly together. There- 
fore, refolving the thruft 3 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 withftood by the verti- 
cal joints all around, and there remains only the thruft; 
in the direttion of the curve. Such a dome muft there- 
fore be firmer than an equilibrated dome, and cannot 
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 3 C always falls below 3 B*. 
and the point C below B. When the curve is concave 
downwards, as in the upper part of the figure, '3 C 
paffes above, or without 3 B. The curvature may be 
fo abrupt, that even U G' (hall pafs w'ithout 'b B, and 
the point G' is above Bk It is alfo evident that the 
force which thus binds the (tones 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 (till greater in a cone ; and greater 
(till in a curve whofe convexity is turned inwards : for 
in this laft cafe the line 3 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 fri&ion of 
two pieces of ftone is not lefs than half of their mutual 
preffure, fuch a dome will ftand, although the tangent 
to the curve at the bottom (hould 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. ^ 

Thus we fee that the (lability of a dome depends on Differed 
very different principles from that of a common arch, from ^ 
and is in general much greater. It differs alfo in ano-°^njffC] 
ther very important circumftance, viz. that it may be 
open in the middle: for the uppermoft courfe, by tend- 
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ing equally in every part to Aide in toward the axis, 
prefles all together in the vertical joints, and a£ts 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, ftich 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 increafed if the 
curve is flatter than the curve of equilibration : and 
any load whatever, which will not cruih the ftones 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 Conftantinople. We imagine that the 
thru ft 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 eaftern abutment. We think 
that this might have been prevented without any change 
in the injudicious plan, if the dome had been hooped 
with iron, as was praCb'fed by Michael Angelo in the 
vaftly more ponderous dome of St Peter’s at Rome, and 
by Sir Chriftopher Wren in the cone and the inner 

Excellency dome of St Paul’s at London. The weight of the lat- 
©f the dome ^er confiderably exceeds 3C.00 tons, and they occaiion 
«fStPaui s. a horizontal thruft which is nearly half this quantity, 

the elevation of the cone being about 6o°. This be- 
ing diftributed round the circumference, occafions a 

drain 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 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 dimenfions, 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- 
rection exaftly vertical. The only thrulis which the 
piers fuftain are thofe from the arches of the body of 
the church and the tranfepts. Thefe are moft judi- 
cioufly directed 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 maffes 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 b C, exerted by all the courfes above HILK, 
proper for anq jf the force b F, or the weight of that courfe, be 

everywhere coincident with b B, the element of the 
curve, we ftiall 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 
bib", BDB'', C d Q". Let the tangents at b and 
meet the axis in M, and make MO, MP, each equal to 

4* 
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b c, and complete the parallelogram MONP, and draw 
OQ^perpendicular 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 thruft being pro- 
pagated through the courfe HILK) ; and that MQ__, 
or its equal be, ox $ d, may reprefent the weight of the 
half AH. 

Let AD be called x, and DB be called y. Then 
be — x, and eC =y (becaule b c h \n the direction of 
the element fib). It is alfo plain* that if we makey 
conftant, BC is the fecond fluxion of x, or BC x, 
and be and BE may be confidered as equal, and taken 

indiferiminately for #. We have alfo bQ ■=. ■y x1 ft-y2. 
Let d be the depth or thicknefs HI of the arch-ftones. 
Then d s/x* -}-y2 will reprefent the trapezium HL : 
and fince the circumference of each courle increafes in 

the proportion of the radius y, dy + J2 will 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 

fdys/ / will reprefent the whole mafs, and alfo 
the weight of the vaulting down to the joint HI. 

Therefore we have this proportion f dy s/x* -j- y* 

: dy V x* + y* zz b e : b¥, =z b e : CG, =*d: CG, 

= x : CG. Therefore CG = 
/dy \/ x2 -f- ya 

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 mult be equal to 
CB, or to x, the point G coinciding with B. This 

condition will be expreffed by the equation dy x v/ .v2 +y* 

f dy \/#2+y« 

dy y/ *2 -P y2 __ * =r x, or, more conveniently, bv „  
J dy \/ x2 -p y2 w 

But this form gives only a tottering equilibrium, inde- 
pendent of the fridtion 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 e^preffed by the formula ^ V'*''!- 
 ^ _ /dy/x'+f 

x , dy/x1 + y7, x , t , . . "yp'—r, or by — y-r——~ = —-f——, where t is fome 
x J d y/se2+y* x 

variable pofitive quantity, which increafes when x in- 
creafes. This laft equation will alfo exprefs the equi- 
librated dome, if f be a conftant quantity, becaufe in 

this cafe — is =: 0. 

Arch. 

Since a firm liability requires that ‘/-t^ 
.. /dy / x* -p y2 

lhall be greater than and CG mull be greater than 
CB: Hence we learn, that figures of too great curvature, 
whofe fides defeend too rapidly, are improper. Alfo, 
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fince {lability requires -that we hav 

[ 

dy x sf x* -Hy4 

greater than J'dys/we l631"11 that the ^_PP,er 

part of the dome muft not be made very heavy. _ i his, 
by diminifhing the proportion of ^ F to ^ C, dimindhes 
the angle cbG, and may fet the point G above 13, 
which will infallibly fpring the dome in that place We 
fee here alfo, that the algebraic analyfis. expreffes that 
peculiarity of dome-vaulting, that the weight of the up- 
per part may even be fupprefied. 

2S 1 ARC 
dome, whofe outline is 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 neceflity of exprefling the weight of the in- 

fdy ^ 

Arch, 

The fluent of the equation 
d y x1 

+ / .+- 
J dy \/ x3' 

is moft eafily found. \l\s'L/dy v/x2 y2 := L x + 
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, 

Lcj=Lx it may be expreffed thus, L/r/y \/x2-j-y 

. . . _ f d y sJx 

— Ly + !-/• This gives us L"'—  ~ 

dy s/ 

+yl 
L-/, 

y 

cumbent part, orJdyVx* + y\ This requires the 
meafurement of the conoidal furface, which, in moit 
cafes, can be had only by approximation by means of 
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 fuch milances as can. be 
underllood by fuch as have that moderate mathematical 
knowledge which every man (hould poffefs 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 deferibed with a 
radius equal to the chord of half the arch. This radius 

is evidently — s/x2 + y*. . 
In order to difeover what portion of a hemiiphere 

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 

and therefore' a y 
This laft equation will eafily give us the depth of 

vaulting, or thicknefs d of the arch, when the curve is 
• • Jy \/*2-{-y2_ given. For its fluxion is .. -y .z. ^ > — 

d y x sJ x2 — y1 dy s/x* +y\ Let a be the radius 

of the hemifphere. We have x 
ay y , and x 

y2 

Subftituting thefe values in the formula, 

and d = which is all exprefled in known 
yy v x2+y2 . 

quantities; for we may put in place or / any power or 
function of x or of y, and thus convert the exprefiion 
into another, which will {till be applicable to all forts of 
curves. 

X t v Inftead of the fecond member — + —, we might em- 
x * 

ploy iLil y where p is fome number greater than unity. 
x 

This will evidently-give a dome having liability ; be- 

caufe the original formula 
dy x Jx2 -{- y2 

f dy \/x2 + y 
will then be 

greater than x. This will give d — 
pax P — i 

y y] 1 “J x2+y2 
Each 

of thefe forms has its advantages when applied to parti- 
a x 

cular cafes. Each of them alfo gives d zz "7  r 
yy V x2+y2 

when the curvature is fuch as is in precife equilibrium. 
And, lailly, 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 toy is given. 

The chief ufe of this analyfis is to difeover 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: They are alfo beautiful. The Gothic 

a ~~~y l /  r a2 y y -xr 
we obtain the equation y2 V a2 —y2 = We 

eafily obtain the fluent of the fecond member = a3 — 
cP »S(p—y2, andy = a s/—4 + ^ Therefore 
if the radius of the fphere be one, the half breadth of the 

dome muft not exceed i + or 0,786, and 
the height will be 6x8. The arch from the vertex is 
about 519 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 conneaion 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 
ftrong, and not ungraceful. 43 

But the public tafte has long rejected this form, and Dome of 
feems rather to feleft more elevated domes than this por- St 
tion of a fphere ; becaufe a dome, when feen from aa 

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 conftrucled. 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 fhells 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 neceflary for en- 
abling the crown of the dome to carry the elegant Hone 
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 ' and has not its equal in the world ; but it is an enor- 

mous load in comparifon 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 five 
times as heavy, and is not fo firm by its gravity ; but 
as it is connefted 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 laft 
for ages, if the foundations do not fail. 

If a circle be defcribed round a centre placed any- 
Plate II. where in the tranfverfe axis AC (fig. 18. N’ t.) of an 

ellipfe, fo as to touch the ellipfe in the extremities B, b, 
of an ordinate, it will touch it internally, and the circu- 
lar arch B a £ will be 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 lighter, and therefore the 
weight of the next courfe below will bear a greater pro- 
portion to the thruft in the dire&ion of the curve * 
therefore the fpherical vaulting will have more liability. 
On the contrary, and for fimilar 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 has been faid on the fubjedl 
of thebeft convinces the reader that a vaulting perfectly equilibra- 

doiue.0 3 te^ throughout is by no means the bell form, provided 
that the bafe is fecured from feparatiug, we think it un- 
neceflary to give the invelligation of that form, which 
has a confiderable intricacy ; and lhall content ourfelves 
with merely giving its dimenfions. The thicknefs is 
fuppofed uniform. The numbers in the firlt 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. 
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It is a wonderful performance, hemifphere, and may be broken off at any horizontal 

courfe, and then a fimilar or a greater portion of a fnial- 
Areh, 

AD i DB 

0,4 
3>4 

*1,4 
26,6 
52,4 
9r>4 

146,8 
223.4 
326,6 
465.4 

too 
200 
3°° 
400 
500 
600 
700 
800 
900 

1000 

AD 

610,4 
744 
9°4 

1100 
l336 

1522 
1738 
1984 
2270 
2602 

DB 

1080 
1140 
1200 
1260 
1320 
1360 
1400 
1440 
1480 
1520 

AD 

2990 
3442 
3972 
4432 
4952 
5336 
5756 
6214 
6714 
7260 

DB 

1360 
1600 
1640 
1670 
1700 
1720 
1740 
1760 
1780 
1800 

The curve delineated in fig. 19. is formed according 
to thefe dimenfions, and appears dellitute of graceful- 
nefs ; becaufe its curvature changes abruptly at a little 
dillance from the vertex, fo that it has Tome 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 defedl will ceafe, and the whole 
will be elegant, nearly refembling the exterior dome of 

^ St Paul’s in London. 
Advantages It is nut a fmall advantage of dome-vaulting that it'. 
!®f dome- is lighter than any that can cover the fame area. If, 
*»ultiug. 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 

ler fphere may fpring from this courfe as a bafe. It 
alfo bears being interfe&ed by cylindrical vaultings in 
every direction, and the interfedlions are exa£l circles, 
and always have a pleafing effe£l. It alfo fprings moll 
gracefully from the heads of fmall piers, or from the 
corners of rooms of any polygonal fhape; and the arches 
formed by its interfedlions with the walls are always cir- 
cular and graceful, forming very handfome fpandrels in 
every poiition. For thefe reafons Sir Chriftopber 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 architedls. Nothing can be more graceful than 
the vaultings at the ends of the north and fouth tran- 
fepts, efpecially as finiflied oft’ in the fine infide view 
publifhed by Gwynn and Wale. ^ 

We conclude this article with obfervingr that theEffe^s of 
connection of the parts, arifing from cement and from“™^nt *n(*' 
friCtion, has a great effeCt on dome-vaulting. In the H.omevault- 
fame way as in common arches and cylindrical vaulting, ing. 
it enables an overload on one place to break the dome 
in a diltant place. But the refillance to this effeCl is 
much greater in dome-vaulting, becaufe it operates all 
round the overloaded part. Flence it happens that domes 
are much lefs {battered by partial violence, fuch as the 
falling of a bomb or the like. Large holes may be bro- 
ken in them without mivh affecting the relt ; but, on 
the other hand, it greatly diminiflies the ftrength which 
fliould be derived from the mutual preffure in the verti- 
cal joints. FriCliou prevents the Aiding 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 diminilhes it. Thefe caufes make a 
great change in the form which gives the greatdl 
ilrength ; and as their laws of aCtion are but very im- 
perfeClly underftood as yet, it is perhaps impofiible, in 
the prefent Hate of our knowledge, to determine this 
form with tolerable precifion. We fee plainly, how- 
ever, that it allows a greater deviation from the belt 
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 thieknefs ; a thing which 
muff not be attempted in a plane arch. The immenfe 
addition of Ilrength 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 direction of the horizontal courfes. L he 
roof of the Halle du Bled at Paris is but a foot thick, 
and its diameter is more than 200, yet it appears t»- 
have abundant ftrength. It is, on the whole, a noble 
fpecimen of architecture. 

We muft not conclude this article without takingThel^A- 
notice of that magnificent and elegant arch which hasbridgeat 
been ere&ed in call iron at Weremouth, near-Sunder-Sunderlan'L 
land, in the county of Durham. rl he inventor and ar-^cnl)ed* 
chiteCl 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- 

ver 
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ver at low water, fo that vettls of JOO or perhaps .,oo The rit, having been all trimmed and put together, 
? win rnav oafs under it in the middle of the fo as to form the exaft curve, the bolts are all taken tons burden m ) p out an(l the horizontal bridles are then fet on in their 
{Vrpam and even CO rect on esen tide or it* y . . . ji'nu 

The fweeo of the arch conf.fts of a feries of frames of places, and the bolts are again put ,n and made taft by 
caftlron which butt on each other, in the fame man- the forelocks The bolts now pafs through the Ihoul- 
ner as the vouflbirs of a ftone arch. One of thefe ders ol the bridles, through the wrought iron bars, am 
frames or blocks (as we (hall call them in future) is re- through the call iron arm that IS between them, and 

rrfented in fiw i. as feen in front. It is caft in one the forelocks bind all fall together. 1 he manner m 
piece; and confifts of three pieces or arms 13L, 13C, CC, 
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 connefted by other pieces KL, of fuch 
length that the whole length of the block is five feet in 
the direftion of the radius. Each arm has a flat groove 

Arck 

which this conneftion is completed is difiinfUy feen in 
fig. 2. which fhews in perfpeftive a double block i« 
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 Ihoulders of the horizontal crofs pieces are 
at H. 

This conftru&ion is beautifully fimple and very judi-ltscon- 
cious. A vaft addition of ftrength and of ftiffnefs isftrueftion 

4* 

A feflion of this block, through the middle of KL, is 
reprefented by the light-fliaded part BBB, in which the 
grooves are more diftin&ly perceived. 1 hefe grooves 
are intended for receiving flat bars of malleable iron, 
which are employed for connefting the different blocks 
with each other. Fig. 2 reprefents two blocks united 
in this manner For this purpofe each arm has.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 fill them completely, and have their bolt holes ex- 
aclly 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 arms. 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 Hands 
in a vertical plane- The arch confiffs of fix of thefe 
ribs, diftant from each other five feet. Thefe ribs are 
connedled together fo as to form an arch of 32 feet in 
breadth, in the following manner: 

Fig. 3. reprefeitfs 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 caft iron, 
four inches in diameter, and has at each end two pro- 
jeding {boulders, pierced with a bolt-hole near their ex- 
tremities, fo that the diftance between the bolt-holes in 
the (boulders 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 (haded than the reft. Thefe pro- 
jedions alfo advance a little beyond the flat of the (boul- 
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 
the upper rail. 

on each fide, which is expreffed by the darker (hading, procured by lodging the wrought iron bars in grooves^and 
three inches broad and three-fourths of an inch deep, formed in the caft iron rails; and for thispurpoie it isotJ 

  " ' great importance to make the wrought iron bars fill the 
grooves completely, and even to be fo tight as to re- 
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 rifle, becaufe 
they are maffes of rock, faced with about four or five 
yards (in fome places only) of folid block mafonry. 
The mutual thrufts of the frames are all in the dire&ion 
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 connected into one 
rib, effectually fecures the butting joints from (lipping; 
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 coufider the prodigious fpan of this 
arch, and refleCt that it is only five feet thick, it (hould 
feem that the moil perfeft equilibration is indifpenfably 
neceffary. It is but like a film, and muff be fo fupple 
that an overload on any part mult have a great ten- 
dency to bend it, and to caufe it to rife in a diftant 
part ; and this effedt is increafed by the very firm- 
nefs with which the whole (ticks together. The over- 
loaded part a£ts 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 ftiffnefs 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 conneCt 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 (train at twenty feet from the 
fides, fuppofing the fides held firm in their pofition. It 
were defirable therefore that fomething were done to 
(tiffen the arch at the fides, 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 in 
light and pleafing to the eye, namely, by large call ironone Parti* 
circles, which touch the extrados of the arch and touch j^ar 

the road-way. The road-way reds on them as on fohay^ofitn. 
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 comprefled at the points of 

contaCt, 
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M«aa, and, changing their ftapc will cppofe very ignorant and barbarons : 
Architcc- iittle refiftance. We think that this part of the arch 

.might have been greatly ftiffened and {lengthened, by 
connefting it with the road-way by truffed frames, m 
the fame way that a judicious carpenter would have fra- 
med a roof. If a ftrong caft iron pillar had been made 
to reft on the arch at about 20 feet from the impoit, 
and been placed in the dire&ion of a radius, the top of 
this pillar might have been connefted by a diagonal bar 
of wrought iron with the impoft of the arch, and with 
the crown of the arch by another ftring or bar of the 
fame materials. Thefe two ties would caufe the radial 
pillar to prefs ftrongly on the back of the arch, and 
they muft be torn afunder before it could bend in that 
place in the fmalleft degree. Suppoling them of the 
fame dimenfions as the bars in the arms, their poiition 
would give them near ten times the force for refilling the 
ftrain produced by an overload on the crown. _ 

This beautiful arch contains only 260 tons of iron, 
of which about 55 are wrought iron. The fuperilruc- 
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, conhfting of marie, 
lime (lone, and gravel, with foot-ways of flag llones at 
the Tides. The weight of the whole did not exceed a 
thoufand tons ; whereas the lighteft ftone arch which 
could have been eredled would have weighed fifteen 
thoufand. It was turned on a very light but itiff fcaf- 
folding, moil judicioufly conftruaed for the prefervation 
of its form, and for allowing an uninterrupted paffage 
for the numerous Chips and fmall craft which frequent 
the bufy harbour of Sunderland. The mode of framing 
the arch was fo fimple and eafy, that it was put up in 
ten days! without an accident ; and when all was fi- 
•niflied, 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 almoft every age, and in every country. 

» It is generally thought to have been carried to the 
utmoft perfection among the Greeks and Romans ; 
and it has been the aim of the moft eminent architects 
of modern times to imitate with fidelity the buildings of 
thofe accompliflied nations. There is, however, another 
fpecies of architefture, which was introduced into Eu- 
rope in the middle ages, and is of fuch a nature as to 
Itrike every unprejudiced obferver with admiration and 
aftonifliment. The architecture to which we allude 
has been called, perhaps with little propriety, 

Gothic shiCHiTEcruRK. It is that which is to be view- 
ed in all our ancient cathedrals, and in other large build- 
ings which have been ereCted from the middle of the 
12th to the beginning of the 16th century. That fuch 
edifices have been conftruCted on principles of fcience, 
has been (hewn elfewhere (fee Roof, £ncycl. zn& Arch, 
in this Suppl.): but a queftion ftill prefents itfelf to the 
iriquifitive mind, “ How came fuch ftruCtures to be 
thought of by a people whom we are accuftomed to call 
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ignorant ano oaroaruu. ■ This queftion has occupied ArcMtcr- 
the attention of many ingenious men, who have attri- 
buted the Gothic ftyle of building, iome to neceffity, 
and others to an imitation of the works ot nature, i hat, 
where materials are bad, larger edifices can be ereded 
in the Gothic thau in the Grecian ilyle, 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 dullered pillars compofed ot 
{lender {hafts, which, reaching from the ground almoit 
to the roof of the building, are there fpread out in 
all directions, forming the ribs or groins of a vaulted 

The moft fatisfadlory folution of this queftion which 
we have feen, is in a memoir publiftied in the fourth vo- 
lume of the Tranfadions of the Royal Society ot Edin- 
burgh, by Sir James Hall, Bart, with whofe permd- 
fion the following abitraCl is laid before our readers. 

“ Although the connection between beauty and 
utility be {till involved in fuch obfcurity, that we are 
unable to decide concerning the univerfality of that 
conneftion, of one thing we are certain, that, m a 
work intended to anfwer fome ufeful purpofe, what- 
ever vifibly counteracts that purpofe always occafiona- 
deformity. Hence it is, that, even where ornament 
is principally intended, the ofteniibly ufeful object ot 
the work, if it have any fuch, muft be provided tor, 
in the fir ft place, in preference to every other conlider- 
ation. , , 

« But in moft ufeful works, fome parts occur, the 
fliape of which is quite indifferent with refped to.the 
propofed utility, and which, therefore, the artift is at 
liberty to execute as he pleafes : a liberty which, has 
opened a wide field to the tafte 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- 
moft univerfally, to nature, the great and legitimate 
fource of beauty ; and that ornament has been attain- 
ed by the imitation of objeHs, to which ihe has given 
a determinate and charaCleriftic form. 

“ Where the materials employed are themfelves pof- 
feffed of variety and elegance, the attainment of this ob- 
jeH requires little or no alteration of their natural forms. 
Thus cups are made of {hells, of cocoa-nuts, or of oftrich 
eggs ; the charader 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 confifts of 
the hard outward fkin of a gourd, of the fame ftiape in 
which it grew upon the plant (a). This laft clafs of 
forms has been introduced, by imitation, into works 

compofed 

(aI “ 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 fwelhng with the reft. ^ 
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Architec- compoicd of Oiapelefs materials. Tnus we have filver 

ture- cups in the form of thofe made of {hells, and fruit-difhes 
— v ‘ of Iloneware in the form of balkets. 

“ As {tone is not naturally poffeffed of any peculiar 
lliape, and as the ufeful ohje6t propofed, by ftrudtures 
formed of it, may be accomplifhedjin various ways, 
very preat latitude is left to the invention of the artilt. 
We fee, accordingly, that in every country where much 
refinement has been introduced, great pains have been 
bellowed in ornamenting {tone buildings with figures 
reprefenting various natural objedts ; whillt the build- 
ing itfelf has been executed in imitation ot a itrudture, 
compofed of materials which naturally poflefs a deter- 
minate and charadteriitic form. Such was the method 
followed by the architects of ancient Greece, who con- 
lirudled temples, and other public edifices, in imitation 
of a ruilic fabric, compofed of fquare beams, fupported 
upon round polls or items of trees, and who derived the 
numerous ornaments of that beautiful ftyle from circuin- 
llances which would naturally take place in fuch a Itruc- 
ture. 

“ A faint and diftant refemblance, however, of the 
original, has generally been found to anfwer all the end 
propofed by the imitation ; a refemblance, which may 
fometinies be traced in the general diftribution 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 
iione is by nature {hapelefs, yet, in the courfe of prac- 
tice, many peculiar forms have been long eftablilhed, 
and currently employed, in working it; fuch as ftraight 
lines, plain furfaces, fquare angles, and various mould- 
ings ufed to foften the effedt 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 
effential in eveiy finifhed work of {tone ; fo that, when 
the imitation of nature was introduced, thefe mafonic 
forms Hill maintained their ground, and, being blended 
with the forms of nature, the two clalfes reciprocally 
modified each other. 

“ This combination of art with nature, of which we 
fee the moft perfedt example in the Corinthian capital, 
produces what are called architedtonic forms, in which 
the variety of nature, being fubjedted to the regularity 
of art, the work acquires that peculiar charadter which, 
in a natural objedt, we coniider as offenfive, under the 
name of formality ; but which, in architedture, 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. 

“ Such is the nature of architedtonic imitation ; a 
device which probably originated in accident, but to 
which architefture is indebted for its higheft attain- 
ments.” 

As the {tone edifices of ancient Greece were con- 
ilrudted in imitation o{ a wooden fabric, compofed.of 
iquare beams laid at right angles on round polls or 
items of trees, Sir James conceives that the Gothic fa- 
-brics with pointed arches have been executed in imita- 
tion of a ruftic dwelling, conftrudted in the following 
manner ^ Suppofe a fet of round polls driven firmly in- 
£o the ground in two oppofite rows, the interval be- 
tween the neighbouring polls in the fame row being 
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equal to that between the rows, and each poll being Architec. 
raifed above the ground to a height equal to three of tnre. 
thofe intervals ; then a fet of long and flexible rods of 
willow being applied to each poll, let them be thruft 
into the ground at its bafe, and bound to it by two 
tyings, one near the ground, and another at two-thirds 
of its height; the rods being left loofe from this laft 
point upwards, and free to be moved in any direction. 
.Let three rods be connected with each outfide corner 
poll, and five with each of the others, and let their po« 
fition be fuch as to cover the infide of the poll, fo that 
when feen from between the rows the lower part of 
each poll {hall be concealed from the'view, and prefent 
the appearance of a bundle of rods (fig. i.) PlateV. 

Things being thus difpofed, the Ikeleton of a thatch- 
ed roof may be formed by means of the loofe ends of 
the rods. A rod from one of the polls being fo bent 
as to meet a fimilar one from the poll 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 croffing (fig. 2.}, and 
we Ihall have the exadt form of the Gothic arch The 
fame being done with each pair of oppofite polls, and a 
fet of pointed arches being formed, let them be connedt- 
ed together by means of a ftraight pole laid upon the 
forks of the crofling rods, and bound to each of them, 
as in fig. 3 : then let a loofe rod be brought from each 
of any two contiguous polls in the fame row, fo as to 
form a pointed arch, fimilar to that jull deferibed, and 
nearly of the fame height. This being done with every 
two contiguous polls (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 crofling the lon- 
gitudinal pole deferibed above. 

“ Two of the rods of each corner poll, and three of 
thofe of each of the others, being thus difpofed of, we 
have one of each corner poll and two of each middle 
poll Hill to employ, which is done as follows: A pair of 
thefe unoccupied rods being brought from any two polls 
which Hand diagonally to each other, and made to meet 
in the middle, not as in the firll cafe croffing in an 
angle, but fide 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 polls (fig. 5.), 
the whole rods will have been employed. 

“ In this manner a frame would be conllrudled 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 duller, by the introduftion, be- 
tween every two of them, of an additional rod, which 
rifing with them to the roof, Hill continues its middle 
pofition, as they fpread afunder, and meets the horizon- 
tal pole at an intermediate point. This is Ihown in 
fig. 6. which is drawn with its covering of thatch ; and, 
from the imitation of a dwelling fo conitruded, we may 
eafily trace the three leading charaderillics of Gothic 
architedture, the pointed arch, the clullered 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 fuperiede the neceffity o£ 
having recourfe to his memoir, but to excite the delire 

of 

t 32 1 





■' Y'. 4-'. ' . ' . 



A R I [ 33 ] ART 
Architec- of our readers to perufe as well that paper as a larger 

ture work which he promifes on the fame fubjedt, and in 
..." • which we doubt not but they will find both entertain- nt metl^ment an(j j'nftruftion. We /hall conclude this article, 

therefore, with an experimental proof of the juftnefs of 
his hypothefis. 

In the greater part of our late attempts at Gothic 
architedlure, it is allowed by every man of tafte that we 
have failed. The failure is to be accounted for by the 
buildings having been conftrudted upon no confiftent 
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 practice, has con- 
ftrudted a building in this ftyle, which has far furpafled, 
he fays, his own expedtation, and has certainly gained 
the approbation of every man of tafte and fcience by 
whom we have had occafxon to hear it mentioned. “ A 
fet of polls of alh, about three inches in diameter, w’ere 
placed in two rows, four feet afunder, and at the inter- 
val of four feet in the rows; then a number of fiender 
and tapering willow rods, ten feet in length, were ap- 
plied to the polls, 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. 

“ This little ftrudture exhibits, in miniature, all the 
charadteriftic features of the Gothic ftyle. It is in the 
form of a crofs, wdth 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- 
ftellations of the northern hemifphere, by the Latins 
called Ursa Major and Minor., and by us the Greater 
and Lejfer Bear. 

Binary ARITHMETIC. See Br/fiart 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 moll artificers in calculating the 
quantity of their work; as bricklayers, carpenters, 
painters, tilers, See. 

Harmonical Arithmetic, is fo much of the dodlrine 
of numbers as relates to the making the comparifons, 
redudlions, &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 Ihows 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 ealily, 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 fradlions, ufed in aftro- 
nomical computations. Shakerly, in his Tabulu Bri- 
tannicte, has a table of logarithms adapted to fexagefi- 
mal ft adlions, w7hich he calls logfiical logarithms : and 
the expeditious arithmetic, obtained by means of them, 
he calls logifiical arithmetic. The term logifiical arith- 

Suppi.. Voi.. I. Part I, 

metic, however, or logfiics, has been ufed by Vieta and Arithmetic 
others for the rules of computations'in algebra. 1) 

Political Arithmetic. See Political Arithmetic, Artedl‘ , 
Encycl. ~ v ”’ 

Sexagefimal Arithmetic. See Arithmetic (Hifi.) 
Encycl. 

Tetradic Arithmetic, is that in which only the four 
charadlers o, 1,2, 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 pradlice ; as 
all numbers are much more compendioufly and conve- 
niently expreffed by the common decuple feale. 

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 ledlures, while he was profeffor of 
mathematics in that univerfity. 

ARITHMETICAL complement, of a loga- 
rithm, is what the logarithm wants of icvooooo, &c. 
and the eafieft way to find it is, beginning at the 
left hand, to fubtradl every figure from 9, and the lalt 
from 10. 

ARTEDI (John), w'as 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 1724 he went to 
ftudy at the univerfity of Upfal, where fome 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. 

“ 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 lols of his father, with his thin hair ne- 
gledled. He refembled the portrait of Ray the natu- 
rahft. His judgment was ripe, his thoughts profound, 
his manners iimple, his virtues antique. The converfa- 
tion turned upon ftones, 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 to me with the utmoil franknefs. I defired his 
friendfhip, he afked mine. From that moment we form- 
ed a friendfhip ; which we cultivated with the greateft 
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 pleafure’ did we 
fee it increafe from day to day ! The difference, even 
of our charadlers, was ufeful to us. His mind was more 
feyere, more attentive ; he obferved more flowly, and 
with greater care. A noble emulation animated us. 
As I defpaired of ever becoming as well inftruded in 
chemiftry as he, I abandoned it; he alfo ceafed to flu- 
dy botany with the fame ardour, to which I had devo- 
ted myfelt 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 dilputed the palm in ichthyology ; but 
foon I was forced to yield, and I abandoned that part 
of natural hiftory to him, as well as the amphibia I 
fucceeded better than he in the knowledge of birds and 

^ in feds, 
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Artedi. Infeas, and he no longer tried to excel m thefe branch- 
1 es. We marched together as equals in lithology, anc 
the hiftory of quadrupeds. When one of us made an 
obfervation, he communicated it to the other : fcar^ 
day paffed in which one did not learn from the other 
fome new and interefting particular. Thus emulatio 
excited our induftry, and mutual affiftance aided our ef- 
forts In fpite of the diftance of our lodgings, we law 
each other every day. At laft I fet out for Lapland ; 
he went to London. He bequeathed to me his manu- 
fcripts and his books. 

“ In 1745 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 to pubhlh 
his work on fifties. Artedi went to join him at Am- 

^e“ Scarcely had I finiftied my Fundamenta Botamca. 
I communicated it to him; he let me fee his Philofophia 
Ichthyologica. He propofed to fimfti as quickly as pof- 
fible the work of Seba, and to put the laft hand to it. 
He fhowed me all his manufcripts 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 ihould I 
have prolonged it ! , r -.u c u 

“ Some days after, as he returned to iup 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 ^ 
tleOf the works of this eminent naturalifl 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 in three 
volumes 410 ; of which the firft contains the hiftory of 
the fcience 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, 
Schaeffir, Linnaeus, Gowan, Scopola, Klein, and Gro- 
novius. The third volume, which completes the col- 
le&ion of Artedi’s works; contains the technical defini- 
tions of the fcience. After the generic and individual 
chara&ers come the names and Latin phrafes of Ar- 
tedi ; the fynonymes of the belt naturalifts ; the vulgar 
names in Englifti, German, Swedifti, Ruffian, Daniih, 
Norwegian, Dutch, and Samoyed ; the feafon and the 
countries where every kind is found, their varieties,, 
their defcription, and obfervations. rI he modern difco- 
veries, even to our own times, are added ; fo that in 
this part is collected the obfervations of Gronovius, 
Brunich, Tenant, Forfter, Klein, Bloch, Gmelin, Haf- 
felquift, Brouflbnet, Lelke, Buifti, LinnKUS, and otheK 
great examiners of nature- 

Artedi, 

ASTRONOMY 

1 
Object of 
this article, 

IS a fcience which has been cultivated from the ear- 
lieft ages, and is converfant about the moft fublime 

objefts of inquiry which can employ the mind of man. 
It has accordingly been treated at great length in the 
Encyclopaedia 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 connefted view of the 
fcience in its prefent Ibte of improvement. This defeft 
it is our duty to remedy. Our objeift, therefore, in this 

’ 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 refpecft 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 charafterifed by them ; 
and we can form no notion of their nature but what we 
Conceive as competent to the phenomena themfelves. 
The aitronomical phenomena are afiumed to be the mo- 
tions of the bodies, which we call the fun, the planets, the 
comets, &c. The notion which we exprefs by the word 
body in the prefent cafe, is fuppofed to be the fame with 
that which wre form of other objefts around us, to 
which we give the fame name ; fuch as ftones, flicks, the 
bodies of animals, &c. Therefore the notion which we 
have of the caufes of the celeftial 'motions mull 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, odule of 
to the caufes of thofe familiar motions. This is a fi-‘ eJ<

erm 

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 adting thing. We are more 
interefted in thofe produftions of motion than in an^ 
other, and our recolle&ions of them are more numerous.. 
Hence it has 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 by 
which we move a ftone, enables us to move another 
man ; therefore we conceive his body to referable a. 
ftone in this refpeift, and that it alfo requires the exer- 
tion of force to put it in motion. But when we reflefl 
on our employment of force for producing motion in a 
body, we find ourfelves puzzled how to account for the 
motion of our 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 neceflary, 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, jullify 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 aff on each other, to refijl each other, to rejlft a 
change of motion, &c. 

Therefore, wherever we obferve a change of motion, 
we infer the exiftence 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 
exiftence, the kind, and the quantity of the change of 

^ motion. 
Our notion Our notion of a moving power is that of a power 
afa moving which produce^'fiiotion, that is, a fuccefllve 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 neceflary for the conti- 
nuation of the motion. Motion is confidered as a ftate 
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 necefiarily 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 has a determination, by which it would defcribe twenty 
feature of feet in a fecond. Each of thefe determinations are fup- 
iioying pofed to be the effeds of forces ading fimilarly in every 
urces‘ 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 muft produce an uniformly accelerated or re- 
tarded motion. Uniformly accelerated or retarded mo- 4ccelera. 
tion is, therefore, the mark of uniform or unvaried ac-1^! motion 
tion. In fuch a motion, the changes of velocity are 01 

proportional to the times from the beginning of the ac- adion; 
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 fpaces 
defcribed 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 pertedly 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, defcribes 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. g 

This kind of motion alfo gives us a certain meafure And gives 
of the acquired velocity, although there is not, in fad, a meafure 
any fpace obferved to be uniformly defcribed during-ac" 
any time whatever. In this motion we know that theiocity, 
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 defcribed 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- 
fcribed in a fecond, and that by the uniform adion of 
another force eighty feet are defcribed in two feconds, 
we know that the laft force is double of the firft : for 
in the fecond motion, 8o feet were defcribed in two fe- 
conds, and therefore 20 feet of this were defcribed 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- 
fcribed 40 feet uniformly in the next fecond, had not 
the moving force continued to a£l 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, defcribed in equal times with mo- 

£ 2 tions 
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tions uniformly accelerated, as meafurcs of the forces AD . ac = AC 
which have produced thofe motions. The velocities 

AC1 

^ generated are, however, the heft meafures. 
Meafureof When the aftions of forces are not uniform, it is 
the veUitymore difficult to learn what is the meafure of the velo. 
produced city produced by their accumulated a&ion. But it can 

tioMini-11 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 aft ion of the force during the fame 
time, and therefore w'e obtain a meafure of the force. 
Mathematicians are farther able to demonftrate, that if 
forces vary their continued aftion in any manner what- 
ever, the proportion of the fpaces defcribed by two bo- 
dks in equal times approaches nearer and nearer to the 
proportion of the fpaces which they would defcribe in 
thofe times by the uniform aftion 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 diminilhed 
without end, we obtain the ratio of the forces. 

Motions may be changed, not only in quantity, by 
acceleration or retardation, but alfo in direftion, by de- 
flefting a body from its former direftion. When a 

iflate VI. body, moving uniformly in the direftion AB (fig. i.), 
has its motion changed in the point B, and, inftead of 
defcribing BC uniformly in the next moment with the 
former velocity, defcribes 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, he the fame in all thofe points. 
Complete the parallelogram BCDE. It is well known, 
that if one force aft on the body which would make it 
defcribe BC, and another which would make it defcribe 

Intenfity t^e body will defcribe BD. Hence we learn, 
and d!rec- that when a body has the motion BC changed into the 
tion of de- motion BD, it has been afted on in the point B by a 
fledbng force which would have caufed a body at reft in B to 
orce*’ defcribe BE. Thus we can difcover the intenfity and 

direftion of the tranfverfe force which produces any de- 
fleftion from the former direftion. 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. ift, 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 defleftion, and 
of the continual aftion of tranfverfe or deflefting forces. 
We muft therefore endeavour to obtain a general mea- 
fure of fuch continual deflefting forces. 

Meaftireof Let two bodies A and a (fig. 2.) defcribe in the fame 
thefe forces time the arches AC, a c of two circles. They are de- 
obtained. flefted from the tangents AB, ab. Let us fuppofe that 

the direftion of the deflefting forces is known to be 
that of the chords AE, ae of thefe circles. Let thefe 
he called the deflective chords. Draw CB, cb pa- 
rallel to AE, a and CD, c d parallel to AB, a b. 
Join AC, ac, CE, and c e. It is plain that the angle 
BAG 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 

AE, and AD = For fimi 

lar reafons ad — — . But AD and a d are refpec ae AC2 

tively equal to BC and b c. Therefore BC = 

b c — 0 C Therefore BC \ l c — 

AE * 
AC2 . aj_ 

a e AF ae ’ 
BC :b c — AC2 Xae-.ac2* AE. But BC and b c be- 
ing refpeftively equal to AD and a d, are equal to the 
fpaces through which the deflefting forces would have 
impelled the" bodies from a ftate of reft in the time of 
defcribing the arches AC, ac. Therefore, when thefe 
times are dimimflied without end, the ullimate ratio of 
AD and adh the ratio of the forces which defleft the 
bodies in the points A and a. But it is evident that 
the ultimate ratio of AC to rz 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 defenbed in 
the fame or equal times. Therefore the deflefting for- 
ces, by which bodies are made to defcribe arches of 
circles, are to each other as the fquares of the velocities 
direftly, and as the defleftive cords of thofe circles in- 
verfely. This ratio may be exprefled fymbolically thus, 

V* n2 ... jr ; r _ — ; —. 0r thus, m a proportional equation, 
‘J C c 

/-T' 
It is eafy to fee that in this laft formula/ exprefles 

direftly the line be, or the fpace through which the 
body is aftually made to deviate from reftilineal motion 
in the time of defcribing the arch a c. It is a third 
proportional to a e the defleftive chord, and ac the arch 
of the circumference defenbed 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 direftion and the length of AE 
from fome circumftances of the cafe. The formula which 
comes to us, when treating this queftiou by the help of 

2 d2 . . 
fluxions, is f — ~—• This is perhaps a more proper 

exprefiion of the phyfical faft ; for it expreffes twice 
the line be, or the meafure of the velocity which the 
deflefting force would have generated in the body by 
afting on it during,the time of its defcribing 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 deferibe circles : but 
all the curves which can be defcribed by the aftion of 
finite deflefting 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 pafling through a point of the curve, 
and defcribing an indefinitely fmall arch of it, is in the 
fame condition as if defcribing 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 dire Elly as the fquare 
of its velocity, and inverfely as the deJleBive chord of the 
equicurve circle. 

Farther; The velocity of a body in any point A 
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ffi«\ 2.) of the curve, is equal to that which the deflec- 
tive force in that point would generate in the body by 
ailing uniformly on it along A.b, one-fourth part of 
the defleilive cord AE of the equicurve circle. It is 
the fame which the body would acquire at I', aftei a 
uniformly accelerated motion along AF. 

For it is certain that there is fome 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 ACt 
= 2AF. Then, becaufe the fpace defcribed with a 
uniformly accelerated motion is one half of the fpace 
which would be uniformly defcribed with the final ve- 
locity, the arch ACI would foe uniformly defcnbed 
with the velocity which the body has at A in the time 
that AF is defcribed with the uniformly accelerated mo- 
tion ; and the arch AB wall be to the arch AI as tne 
time of defcnbing AB to that of defcribing 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 fpaces 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- 

I 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 fimilar, 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 wrhich would be produced by the uniform 
impulfe of the deflecting force along the fourth part of 

T0 the defleftive chord of the equicurve circle. 
Two ufeful Thefe two affeCtions or properties of curvilineal mo- 
affedtionsoftions are of the moft extenfive ufe, and give an eafier 
curvilineal Qf moit queilions than we obtain by the more 
motions. ufual methods, and deferve to be kept in remembrance 

bv fuch as engage much in the difcufiion of qu eft ions 
of this kind. 

Thus the inveftigation of the forces which regulate 
the planetary motions is reduced to the talk of difco- 
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 aflronomy muft confift in the 
fcience of (jjfcovery of the general law s which can be affirmed with 
aflionom) refpe(cj. to tjie exertJon 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. 

Comrletfd This has accordingly been done by Sir Ifaac Newton 
by Newton and his followers. Sir Ifaac Newton has difcovered the 
and general laws 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 neceflary confequences 
of the very univerfality of the phyfical law, although the 
phenomenon was not 10 general as was at firft imagined, 
lie has gone farther, and has pointed out fome other 

minute deviations which mull refult from the phyfical 
law, but which the art of obfervation was not then fuf- 
fieiently advanced to difcover in the phenomena. This 
excited the efforts of men of fcience to improve the art 
of aftronomical obfervation ; and not only have the inti-^ 
mations of Newton been verified by modern obfervation, ers>. 
but other deviations have been difcovered, and, in pro- 
cefs of time, have alfo been fliown to be confequences 
of the fame general law of agency : And, at this pre- 
fent day, there is not a fingle anomaly of the planetary 
motions which has not been fliown to be a modification 
of one general law which regulates the a£tion ; and 
therefore charafterifes the nature of that fingle force 
which aftuates the whole fyftem of the fun, and his at- 
tending planets and comets. 

It was a moft fortunate circumftance 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 fyftem had been equally harmonious and beautiful. 
Had two or three of the planets been vaftly larger than 
they are, it would have been extremely difficult to dif- 
cover any laws of their motion fufficiently general to 
have led to the fufpicion or the difcovery of the univer- 
fal law of adtion, or the fpecific circumftance in the pla- 
netary force which diftinguifhes it from all others, and 
cliaradterifes its nature. But the three laws of the pla- 
netary motions difcovered by Kepler were fo nearly 
true, at leaft with refpedt to the primary planets, that 
the deviations could not be obferved, and they were 
thought to be exadt. It was on the fuppofition that 
they were exaSt, that Newton affirmed that they were 
only modifications of one law ftill more general, nay 
univerfal. 

We fhall follow in order the Reps of this inveftiga- 
tion. r<4 

Sir Ifaac Newton took it for granted, that the fun The fteps 
and planets confifted of matter which refembled thofehy wlii in 
bodies which we daily handle, at leaft in refpedt of^ej Pro" 
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 diredtion and as 
to their intenfity, from the changes of motion which 
were afcribed to their agency. He firft endeavoured 
to difcover the direfiion of that tranfverfe force by 
which the planets ate made to difcover curve lines. 
Kepler’s firft law furniftted him with ample means for 
this difcovery. Kepler had difcovered, that the right 
line joining the fun and any planet defcribed areas propor- 
tional to the times. Newton demonftrated, 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 defcribed areas proportional to the times, 
the force which deflected it from an uniform redtilineal 
motion was continually diredted 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-- 
psedia Britannica, $ 260. 

Hence Sir Ifaac Newton inferred, that the primary 
planets were retained in their orbits by a force conti- 
nually diredted to the fun ; and, becaufe Kepler’s law 
of motion was alfo obferved by the fecondary planets 

in 
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in their revolutions round their refpective primary pla- 
nets, this inference was extended to them. 

Centripetal From the circumttance that the planetary deflecting 
forces forces in the different points of the orbit are always di- 

oreaed toward one point as to a centre, they have been 
16 called CENTRIPETAL forces. 

Velocity of From this propofition may be deduced a corollary 
a planet in wh;ch eftablifhes a general law of the motion of any 
the difie- pjanet ;n tiie different parts of its orbit, namely, that 

ifits 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 oibit 
in thofe points refpeaively. For, let AB, al (fig. 3-) 
be two arches (extremelyfmall),defcribed in equal times, 
thefe arches muff be ultimately proportional to the ve- 
locities with which they are defcnbed. Let SP, S p 
be perpendicular to the tangents AP, a p. The tri- 
angles ASB, a S b are equal, becatife equal areas are 
defcribed by the radii veflores 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„z=. Sp : SP. 

This corollary gives us another expreflion 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 
rtc2XAE, which we may exprefs thus: F :/= V2 

X c : u2 X C. If we exprefs the perpendiculars SP, S p 
(in fig. 3.) by the fymbols P,/, we have V2: v'=z p1: P2, 
and therefore F : / = / 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 difettive chords of the 

, equicurve circles. 
iLawof We are now in a condition to determine the law of 
adtionof a&ion of the centripetal force by which a planet is re- 
thcal force ta‘ne^ ^ts roun^ ^ fun> or th6 relation which peta 01 ce> between the intenfity of its aftion 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 defle&ing 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 
mult be inverfely at the diitances from the fun ; or the 
velocities muff be inverfely as the diftances 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 
defledtive chords. Therefore, calling the aphelion and 
perihelion diftances D and d, the velocities in the aphe- 
lion and perihelion V and v, let the common defledlive 
chord be C. Then we have F : / = V1 X C : t2 X C, 
— V2 : i>*, == d1 : D2. That is, the forces which de- 
fleft the planet in the aphelion and perihelion are in- 
verfely as the fquares of the diftances from the fun. A 

N O M Y. 
perfon almoft ignorant of mathematics may fee the truth 
of this by looking into a table of natural verfed fines. 
He will obferve, that the verfed fine of one degree is 
quadruple the verfed fine of half a degi'ee, and fixteen 
times the verfed fine of a quarter of a degree ; in ffiort, 
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 diftances, 
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 defleft the planet from the tangent. There- 
fore, &c. _ • . 

Thus we have found, that in the aphelion and peri- 
helion the centripetal force a&s with an intenfity that 
is proportional to the fquares of the diftances inverfely. 
As thefe are the extreme fituations of a planet, and as 
the proportion of the aphelion and perihelion diftances 
are confiderably different in the different planets, and 
yet this law of a&ion is obferved in them all, it is rea- 
fonable to imagine that it holds true, not in thofe fitua- 
tions only, but in every intermediate fituation. But a 
conjecture, however probable, is not fufficient, when 
we aim at accurate fcience, and it is neceffary to exa- 
mine whether this law of adtion is really obferved in 
every point of the elliptical orbit, jg 

For this purpofe it is neceffary to mention fome geo- Demonftn- 
metrical properties of the ellipfe. Therefore let ADBE ted withre- 
(fig. 4.) be the elliptical orbit of a planet or comet,fPed* to tis| 
having the fun in the focus S. Let AB be the tranf-ean * 
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. BitedI PO in T. 

It is demonftrated in the treatifes of conic fedtions, 
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 defledlive chord of the planetary 
orbit. It is alfo demonftrated, that PR is one half of 
the parameter or latus reftum 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 conttant 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, PQO. Therefore 
we have PR : PQ^rz PQ: PO. Therefore PR : PO 
— PR2 : PQ2, = SN2 : SP2. Therefore PR X SP2 

— PO X SN2. But the latus redum L is-equal to 
twice PR, and the defledlive chord C is equal to twice 
PO. Therefoit 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 SP:; and fince L is a conilant quantity, 
the centripetal forces are inverfely propoi'tional to SP2, 
or to the fquares of the diftances from the fun. 

Thus 
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Thus it appears that, with refpea to any individual 
planet, the centripetal force which continually deflefts 
it from the tangent to its orbit diminidies in the inverfe 

•Lfervedin duplicate ratio of the diftance from the fun. The fame 
ie motion thing is obferved to be very nearly true in the moon’s rthe moon motion rouncl the earth, and in the motion of fuch fa- 
c’ tellites of Jupiter and Saturn as defcribe orbits which 

are fenfibly elliptical. It is alfo obferved in the_motion 
of the comets, at leaft 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 abtion of this force on different planets ; that is, 
whether the defleftion of the earth from the tangent of 
its orbit was to the fimultaneous deflection 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 deflections in equal times are inverfely as 

1 the fquares pf its diftances from the fun, and that the 
comet pafles 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 defleCtion with it. Newton 
therefore calculated the aCtual fimultaneous defleCfions 
of the different planets, and found them agreeable to 
this law. But it was deftrable 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 oj 

the different planets ‘were proportional to the cubes of their 
mean dijlances from the fun. The orbits of the planets 
are fo nearly circular, that we may fuppofe them ex- 
aClly fo in the prefent queftion, without any remark- 
able error. In this cafe, then, the defleClive 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 diredly, 
and as the tiine of a revolution inverfely. Therefore, 

dz 

inftead of we may write and then the forces vrill 
d7, d be proportional to or to — j that is, direftly as the 

diftances, and inverfely as the fquares of the times of re- 
volution. But, by Kepler’s obfervation, i* is propor- 
tional to ds. Therefore the centripetal forces are pro- 

portional to-^3, or to ; that is, inverfely as the 

fquares of the mean diftances from the fun. 
But fince the orbits of the planets are riot accurate 

circles, this determination is but an approximation to 
the truth, and therefore infufftcient 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 mull obtain a more accurate demon- 
ftration. 

Therefore draw SD (fig. 4.) to the extremity of the 
conjugate axis, and bifeft it in t. 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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S, <T S. It is well known that DS is half of the chord 

of the equicurve circle at D, and therefore D t is one 
fourth part of it. It has been demonftrated, that the 
velocity in any point D of a curve, defcribed by means 
of a deflecting force, is that which the force in that 
point would communicate to it by uniformly impelling 
it along the fourth part of the defle&ive 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 defle&ing 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 projected.in the 
diredlion D with the velocity which it has in the 
point D of the ellipfe, would defcribe the circle DFG 
by the aclion of the centripetal force. Farther, it 
would defcribe it in the fame time that it defcribes the 
ellipfe ; for becaufe the velocities are equal, the areas 
DS J, DS are defcibed in the fame time. But the 
bafes D*/, Dj being equal, thefe areas are as their 
heights S« (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 DSr/ to the area DS i 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- 
roilar portions of fhe w'hole revolutions in the euipfe 
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 projected, when at their mean diftances from 
the fun, perpendicularly to the radii 'vectores, they would 
defcribe circles round the fun, and the fquares of their 
periodic times would be proportional to the cuoes 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 dillances from the 
fun. # 

21 

They are not different forces therefore which retain All the pla- 
the different planets in their refpeftive orbits, but their" 
force, a fling by the fame law upon them all. We may refpe(ctive 
either conceive it as an attractive force, exerted by the orbits by- 
fun, or as a tendency in each planet; nay, nothing one amUhe 
hinders us from conceiving it as a force external, both ame crCe’ 
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 with 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, projected in any direction what- 
ever, and with any velocity whatever^ and fubjedled to 
the a&ion of a force directed to the fun, and inverfely 
proportional to the fquaie of the diftance from the fun, 
will neceffarily defcribe a conic fedlion, having the fun 
in the focus. This will be a parabola, if the velocity 
of projection be that which the centripetal force in that 
place would communicate to the body by acting 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 

difcoVeredi 
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di’fcovered planet; and we tnuft Tnfei from it, that they cal motion round the earth. 
are retained in their orbits round their refpeftive pri 
mary planets, by forces whofe intenfity decreafes ac- 
cording to the fame law of the diftances. Alfo the el- 
liptical motion of the moon round the earth, (hews that 
the force by which fhe 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 ftiall find that, 
at equal diftances from Jupiter and Saturn, the force 
toward Jupiter is almoft thrice as great as the force to- 
ward Saturn. W^e (hall 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 ailing at the fame diftance. 

Since a force direiled 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 
affeil the fecondary planets alfo. The moon accompa- 
nies the earth in its motion round the fun. It may ap- 
pear fufficient for this purpofe, that the moon be re- 
-tained in its orbit by a force direiled to the earth. Were 
the moon connefted 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 otherwile with bodies moving in free fpace, with- 
out any material connedlions. WTen 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 defle&s this fa- 

it tellite is always diredled to the moving central body. 
The fatel- qr},js ;g gafily feen ; for whatever be the mutual a&ion 

Iht^v e's °‘P two and tlieJr relat‘ve motions in confequence 
fubjedted toaclion, if the fame velocity be imprefled at once 
this folar on both bodies in the fame diredlion, their mutual ac- 

tions and relative motions will be the fame as they 
would have been without this common impulfe. Thus 
every thing is done in a (hip that is failing fteadily in 
the fame manner as if (lie were at reft. If therefore the 
moon be obferved to defcribe areas round the earth, 
which 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 refpect with what the earth receives at the fame 
inftant; or that the moon is a&ed 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 fubjedled to this folar ac-, 
tion, or this tendency to the fun. The fame mud 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 diredled 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 exaftly proportional to the times, a 
force adling on the moon, inverfely proportional to the 
fquare of her diftance from the fun, and directed exadl- 
ly to the fun, is incompatible with the accurate ellipti- 

adtion. 

cai        At new moon, her ten- *.t > 
dencv to the fun exceeds the earth’s tendency to him, then 
and this excefs will diminiffi her tendency to the earth, of the * 
and her motion will be lefs incurvated, fo that (he 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 iituatiocs of the 
moon, this want of equality and parallelifm of the forces 
a cling on the earth and moon, muft produce other dif- 
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 difcovered by Ptolemy and Tycho Brahe, 
called the Annual Equation, the Variation, and the Evec- 
tion, were fuch as mod 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 ditijiniflung the tendency to the earth, and in- 
creafes the periodic time. The fecond arifes from the 
direaion 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 affe&s 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 apogeC. 
This fuccefs incited him to an accurate examination of ,4 
the confequences of this influence. It is the boaft of May be c»: 
this difcovery of the law of the planetary deflexions, cu.li‘ed 

that all its effeXs may be calculated with the utmoft ^Qon^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 anil 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 afcertained, 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 
mod aftonifhing addrefs and fagacity,y«a mathefi facem 
preferente, partly in the Principia, and partly in his 
Luna: 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 difcriminating the different circumftances of 
the queftion, or the wonderful fertility of refource, or 
the new and moil refined mathematical principles anti 
methods that he employed—muft ever be conlidered as 
the mod 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 furpafling 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- 
niflred 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 perfection, that we can compute her place in 
the heavens for any paft age without deviating above 
one minute of a degree from the adtual obfervation. 

There is one empirical equation of the moon’s mo- 
tion wtiich 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 
larequa- ftumbling block in the Newtonian philofophy. This 

Imoon’s6 is what is Called the fecular equation of the moon's mean 
jmean di- 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 Hippjftchus are compa- 
red with fome in the 9th century, we obtain a period 
fomewhat ftiorter ; when the laft are compared with 
thofe of Tycho Brahe, we obtain one ftill (horter ; and 
when Brahe’s are compared with thofe of our day, we 
obtain the ftiorteft 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. I lie 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 muft be increafed 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 j 6th; and the double of this muft 
be taken from the motion during the i6th, to obtain 
Us motion during the 15th, &c. Or it will be fufficient 
to calculate the moon’s mean longitude for any time 
paft or to come by the fecular motion which obtains in 
the prefent century, and then to add to this longitude 
the product 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 fhall make our calculation agree with the moft 
ancient and all intermediate obfervations. If we negleft 
this corredlion, we (hall differ more than a degree from 
the Chaldean obfervations of the moon’s place in the 
heavens. 
. "P16 mathematicians having fucceeded fo completely 
in deducing all the obferved inequalities of the planeta- 
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ry motions, from the fingle principle, that the defleft- 
ing forces diminifiied in the inverfe duplicate ratio of 
the diftances, were fretted by this exeption, the realitv 
of which they could not conteft. Many opinions were 
formed about its caufe. Some have attempted to de- 
duce it from the aftion of the planets on the moon ; 
others have deduced it from the oblate form of the 
earth, and the tranflation of the ocean by the tides; 
others have fuppofed it owing to the refiftance of the 
ether in the celeftial fpaces; and others have imagined 
that the adtion of the defledting force requires time for 
its propagation to a diftance; But their dedudlions have 
been proved unfatisfadtory, 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- 
fledlion. It is produced in the following manner; 

Suppofe the moon revolving round the earth undi-r, ,2(? 

fturbed by any defkaion toward the fun, and that the 
time of her revolution is exadtly afcertained. Now let Newtonian 
the influence of the fun be added. This diminifhes herlaw of pla- 
tendency to. the earth in oppofition and conjunaion,l.ct^r? de* 
and increafes it in the quadratures: but the diminutions^1011' 
exceed the augmentations both in quantity and dura- 
tion ; and the excefs is equivalent to T47th of her ten- 
dency to the earth. Therefore this diminiflied tenden- 
cy cannot retain the moon in the fame orbit ; flic mult 
retire farther from the earth, and defcribe an orbit which 
is lefs incurvated by x^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 ftiould 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 diminilhed in general -,4^, 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 
inveife cube of the earth’s diftance into a fenes arran- 
ged according to the fines and cofines of the earth’s 
mean motion, making the earth’s mean diftance unity, 
we fhall 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 T4.y 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- 
flant, 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 diminifti, 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. I he eccentricity diminifhing, the dimi- 
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nution of the moon’s angular motion mull alfo dimmifh, 
that is, the angular motion muft increafe. 

During the 18th century, the fquare of the earth s 
eccentricity has diminiihed 0,0000015325, the mean 
diltance from the fun being = 1. This has increafed the 
angular motion of the moon in that timeo.opoooco 1 285. 
As this augmentation is gradual, we muft multiply the 
angular motion during the century by the half of this 
quantity, in order to obtain its accumulated effetl. 1 his 
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 fraction of a fe- 
cond! 

As long as the diminution of the fquare of the eccen- 
tricity of the earth’s orbit can be fuppofed proportion- 
al to the time, this effeft 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 effea 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 ol 
modern analyfis, may conceive this queftion in the fol- 
lowing manner. 

Let the length of a lunar period be computed for 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 
ano-ular 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 3^73 ^ the leaft 
3433''. The mean of thefe is 3553", btit the medium 
of the whole is 354^,,• Now make a fimilar obfervation 
in tables of the motion of the planet Mars, whofe ec- 
centricity is much greater. We fhall 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. enabkd us to forefee changes in them which no exami- 

nation of the paft appearances, unaffifted by this theory, 
could have pointed out, and which muft have exceed- 
ingly embarraffed future aftronomers This great but 
fimple law of defledlion reprefents every phenomenon of 
the fyftem in the moft 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 moft remote 
confequences as if they were actually obferved. 28 

■Reciprocal -It is difeovered by obfervation, that the defle&ion of 
deflexion the moon to the earth, and of the planets to the fun, 
of the earth are accompanied by an equal and oppofite defletftion of 
and moon, ^ earth to the moon, and of the fun to the planets, 

fun and pla- The tendency of the earth to the. moon is plainly in- 
nets, dicated by the rife of the waters of the ocean under the 
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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. Wc: 
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 difturbmg force, 
which will diminiih its tendency to the earth in the 
neighbourhood of the place of conjunttion and oppofi- 
tion, and will increafe it in the neighbourhood ol the a9 
quadratures. They cannot therefore remain in equih-Proved b7 
brio in their fpherical form ; they muft fink in the qua-^ 
dratures, and rife in the conjundlion and oppolition, ti mg of the 
their greater height compenfates lor the diminifliedfed> 
weight of each particle. In like manner, the waters of 
the ocean muft fink on thofe parts of the earth where 
the moon is feen in the horizon, and muft riie in thofe 
which have the moon in the zenith or nadir. All thefe 
tffeds are not only to be feeh 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 •‘roiri 

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 preceffxon of the equi- 
noxes produced by the a6lion 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 <3 
clearly feen in a phenomenon that is much more fimple. ferent coi 
If we compute the fun’s place in the heavens, on the P^ations 
fuppofition that the earth deferibes areas proportional^in t 
to the times, we fhall find it to agree with obfervation heavens, 
at every new and full moon : But at the firft quarter 
the fun will be obferved about 9 feconds too much ad- 
vanced to the ealtward ; 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 corr- 
jundlion 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 ellipte 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& with refpedl 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 defle&ed from the tangent 
to this orbit; therefore it is continually defle£led to- 
ward the moon : and the momentum of this defle&ion, 
that is, its quantity of motion, is the fame with that of 
the moon’s defledtion, becaufe their diftances from the 
common centre are as their quantities of matter in- 
verfely. 

Appearances perfedlly fimilar to thefe oblige us to 
affirm 
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affirm that the fun is continually defiefted toward the 
planets. Aftronomical inftruments, and the art of ob- 
ferving, have been prodigioufly improved fince Sir Ifaac 
Newton’s time ; and the moft 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 xeBor. If this be not the cafe, 
the orbital motions contained in our tables are not the 
abfolute motions of the planets, nor the defie&ions from 
the tangents the real defleftions from abfolute redlilineal 
motion ; and therefore the forces are not fuch as we in- 

Obferva- fer from thofe miftaken defleftions. Accordingly Sir 
tions on Ifaac Newton, induced by certain metaphyftcal confi- 
the third derations, afiumed it as a law of motion, that every ac- 

feon 0^m° tion of a body A on another body B, is accompanied 
by an equal and contrary adlion of B on A. We do 
not fee the propriety of this affertion as a metaphyfical 
axiom. It is perfedtly 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 affert, 
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 neceflity for another ftream of fluid im- 
pelling the magnet toward the iron. And accordingly 
this, and the fimilar reciprocity in the phenomena of 
ele&ricity, have always been confidered as deductions 
of experimental philofophy; yet we obferve the fame re- 
ciprocity in all the aCtions 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 was hafty in this great philofopher, and 
of that law unlike his fcrupulous caution, to extend it to the pla- 

netary motions. He did, however, extend it, and af- 
ferted, that as each planet was defieCled toward the fun, 
the fun was equally (in refpeCI of momentum) deflefted 
toward each planet, and that his real motion was the 
compofition of all thofe fimultaneous defleftions. 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 feftor of the apparent orbit 
was greater than the correfponding fe&or 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 inveftigation, he fhevved 
that, notwithftanding this great difference of the Kep- 
lerean laws from the truth, the inference, with refpeCl 
to the law of planetary defle&ion, is juft, and that not 
only the apparent deflexions are in the inverfe dupli- 
cate ratio of the diitances 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 
fhewed 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 

the planet in a fimilar orbit round the fun (fuppofed 
to be held faft 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 fubduplt- 
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 defcribed 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 are 
equal. 

Thus was the attention of aftronomers direXed to a 
number of apparent irregularities in the motion of the 
earth, which muft 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 niceft and moft 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 
ot a fit ip at fea : and thus the demands of commercial 
Europe came in aid of philofopiucal Curiofity, and oc« 
cafioned the ereXion of obfei vatories, 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 eftablilhment of the Newtonian conjeXure (forty °hferva<* 
fo we muft ftill think it'), and the verification of New-tion* 
ton’s aflertion, that aXion was accompanied, through 
the whole folar fyftem, by an equal and contrary re- 
aXion. 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 afcertain the accumulated refult of 
them all in any ftate 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 fhew'ed, that the period of Jupiter 
was fomevvhat (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 i tooth part of 
the radius veBor ; and therefore the real defleXion was 
about a 2200th part lefs than was fuppofed. It was now 
plain that the dittances to which the Keplerean law muft 
be applied, are the diftances. not from the fun, but from 
the lixed 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 
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their pofition ; their aphella advance, their nodes recede, 
their inclination to each other vary 

34 

nets to- 
wards each 
other. 

The mean mo- 
tions of Saturn and Jupiter are fubjeft to confiderable 
changres, which are periodical. 

Defle&ion Sir Ifaac Newton had no fooner d.fcovered the um- 
of the pla- verfalitv and reciprocity of the defections ot the pla- 

nets and the fun, than he alfo fufpeaed that they were 
continually deflefted towards^ each other He imme- 
diately obtained a general notion of what mould be the 
more general refults of fuch a mutual adlion. They 
may be conceived in this way. 

Let S (fig* 5*) reprefent the fun, E the earth, and L 
TuDiter, defcribing concentric orbits round the centre of 
the fyftem. Make IS : EA = EP : SP. Then, if 
IS be taken to reprefent the defleftion of the fun to- 
ward Jupiter, EA will reprefent the defleftion of the 
Earth to Jupiter. Draw EB equal and parallel to Si, 

_ 35. rp and complete the parallelogram EBAD. ED will re- 
Hft'offuch prefent the didurbing force of jufoter. ^ 1'”'- 
mutual ac- folved into EF, perpendicular to ES, and EG in the di- ~ ^-r-» T» ^ 1 £. ../I C 4-V»4j'T<a f V» r f M ^ Q Q 11 0*11 - 

Plate VI. 

redtion of SE. By the firll of thefe the earth’s angu 
lar motion round the fun is aftefted, and by the fecond 
its defleftion toward him is diminifhed or increafed. _ 

In confe'quence of this firft part of the ddluibing 
force, the angular motion is increafed, while the earth 
approaches from quadrature to conjunaion with Jupi- 
ter (which is the cafe reprefented in the figure), and is 
diminifhed from the time that Jupiter is in oppofition 
till the earth is again in quadrature, weftward of bis 
oppofition. The earth is then accelerated till Jupiter 
is in conjunaion with the fun ; after which it is retard- 
ed till the earth is again in quadrature. 

The earth’s tendency to the fun is diminifhed while 
Jupiter is in the neighbourhood of his oppofition or 
conjunaion, and increafed while he is in the neighbour- 
hood of his ftationary pofitions. Jupiter being about 
iooo times lefs than the fun, and 5 times more remote, 
IS muft be confidered as reprefenting ST5-ooth the 

earth’s defkaion 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- 
fition 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 diminifhed 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- 
ing on the orbit of Saturn, from which it fuffers 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 diminifties whfle 
the planet retires from it. . 35 

M. de la Place has completed this dedu&ion of theApeuilia. 
planetary inequalities, by explaining a peculiarity in thenty ex-. 
motions of Jupiter and Saturn, which has long employ-P^^.1^ 
edthe attention of aftronomers. The accelerations and0f 
retardations of the planetary motions depend, as has and Saturr 
been ftiewn, 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 defie&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- 
malittic period of Saturn increafes almoft a day every 
century : on the contrary, that of Jupiter diminifties. 
M. de la Place (hews, that this proceeds from the pofi- 
tion of the aphelia, and the almoft perfe& 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 diminiihing 
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 philofophy, and has 
been completed only by very (low degrees, by the ar- 
duous efforts of the greateft mathematicians, of whom 
M. de la Grange is the moll eminent. Some of his ge- 
neral refults are very remarkable. 

He demonftrates, that fince the planets move in one 
dire&ion, 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 Ofcillati 
of them ever has been or will be a comet moving in aofthepl 
very eccentric orbit. The ecliptic will never coincidenetaTfi 
with the equator, nor change its inclination above two 
degrees. In (hort, 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 
of 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 neceftary for difeovering them 
by tnere obfervation. In this refpe&, 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 

Authenti- t}ie lndian8 affign to thefe twro planets, and which ap- 

'ndian Peare<^ h) inaccurate that they hurt the credit of the 
troiiomy. fcience of thofe ancient aftronomers, are now found pre- 

ciiely fuch as muft have obtained about three thoufand 
years before the Chriftian era ; and thus they give an 
authenticity to that ancient atlronomy. The periods 
which any nation of aftronomers aflign to thofe two 
planets would afford no contemptible mean for deter- 
mining the age in which it was obferved. 

The following circumftance is remarkable : Suppofe 
Jupiter and Saturn in conjundtion 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 w’ill continue in thefe tly-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 : 
Origin of then all begins again in Aries. It is highly probable 
*?^ol°- t}iat remarkable periods of the oppofttions of ju- 

ion of the P‘ter and Saturn, progreflive for 40 years, and ofcilla- 
leavehs. 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 fyftem. 

M. de la Place obferves (in 1796), that the laft dif- 
covered planet gives evident marks of the adtion 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. 
Action of We have hitherto overlooked the comets in our ac- 
tkecomets, count of the mutual difturbances of the folar fyftem. 

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 actions are taken into account, that the 
quantity of matter in the comets is very inconfiderable. 
They remain but a fhort time in the neighbourhood of 
the planets, and they pafs them with great rapidity. 
Some of them have come very near to Jupiter, but left 
no trace of their adtion in the motions of his fatellites. 
They doubtlefs 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 
iffetfed by affe&ed by the planets. The very important phenome- 
ihe planets non Gf the return of the comet of 1682, which was to 

decide whether they were revolving planets defcribing 
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. Halley 
had (hewn, in a rough way, that this comet muft have 
been confiderably affe&ed by Jupiter. Their motion 
near the aphelion muft be fo very flow,-that a very fmall 
change of velocity or direction, while in the planetary 
regions, muft confiderably affedf their periods. Halley 
thought that the adtion 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 (6j8 days), and affigned 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 refiedt 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 leaf!: 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. • 

It is by no means impofiible, nor highly improbable, Corfe- 
that in'the courfe of ages, a comet may adtually meet<luence °^* 
one of the planets. The effedt of fuch a concourfe muflr^j1^ ancl 

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 works 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 mnft be loft, and every 
thing muft be invented anew. There are not wanting 
traces of fuch devaftations in this globe : ftrata 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 in 
the circumpolar regions. Ttmpora mutantur, et nos mu- 
tamur in Hits. 

It is plain, that when we know the diredfion and the 
intenfity of the difturbing force, w*e can tell what will 
be the accumulated eftFeft of its adtion for any time. 
The diredlion is eafily determined by means of the di- 
ftance : but how ftiall w^e determine the intenfity ? Since 
we fee that the whole waters of the ocean are defledled 
toward the moon, and have fuch probable evidence that 
planetary defledtion is mutual ; it follows that the moon 
is defle'dted towards every drop of water, and that all 
the matter in one body is defledfed 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 unreafonable to fuppofe that a planet was 
defledfed to the centre of the fun, which had no diitin- 
guifliing phyfical property ; and thought it more pro- 
bable that the defledfiort of a planet to the fui; was the 
accumulated defledtion of every particle in the planet to 
every particle in the fun. But he wras too fcrupulous 
to take this for granted. He therefore endeavoured to 
difcover what would be the fenfible defledtion of one 
fphere to another, when each confifted of matter, every 
particle of which was deflcdted 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 difcbvered, that the ten-of fpherical' 
dency of a particle of matter to a fpherical furface, fliell,tlo1ies to- 
or folid, of uniform denfity at equal diltauces from the''^^?^ 
centre, was the fame as if all the particles in the fur-re^]y Jjhe 
face, {hell, or folid, were united in its centre : hence it quantity of 
legitimately followed, that the mutual tendency of fphe-niatfer> aii,i 

rical furfaces, ftiells, or folids, was proportional to the ,'1ve.rfelv a3s 

quantities ot matter in the attradtmg body, and inverfev0f the oi- 
ly as the fquare of the diftance of their centres; and flat c« of 
thus the law of attradh'on, competent to every particletheir cea*' 
of planetary matter, was the fame with that which 'was*™*' 
obferved among fpherical bodies confifting of fuch mat- 
ter, And it is remarkable, that the inverfe duplicate ra- 

tioo 
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tlo of the diftanees is the only law that will hold, both 
with refpeft to Angle particles and to globes compofed 
of fuch particles. He alfo demonftrated, that a particle 
placed within a fphere was not affedled by all the Ihell, 
which was more dillant 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 difiance from the centre. 

Newton faw a cafe in which it was poffible to difco- 
ver whether the tendency of the matter of which the 
planets confifted was dire&ed 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- 
flauce 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, on 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 folld mountain, fenfibly deviated from the 

44 true vertical, and was deflefted toward the mountain. 
Propor- From a colle&ive view of all thefe circumftances, Sir 
tionalquan-lfaac Newton concluded, with great confidence, that 
title- of t^e jeflC(^[on toward any planet was the united deflec- 
m r er m .... 
the fun andtlon toward every particle or matter contained in it. 
placets de- This enabled him to determine the intenfity of the pla- 
termined. netary difturbing forces, by previoufly afcertaining the 

proportions of their quantities of matter. This pro- 
portion, the difcovery of which feems above our reach, 
is eafily afcertained in all thofe bodies which have others 
revolving round them : for the defle&ion of the revol- 
ving body, being occafioned by all the matter in the 
central body, will be proportional (ceteris 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, w’e have only to fuppofe 
that a planet revolves round the fun at the diftance of 
Jupiter’s fourth fatellite. Kepler’s third law w ill 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 difcovered pla- 

N O M Y. 
net. If the quantity in the Earth be confidered as the 
unit, wfe have, 

The Earth 1 

The newly difcovered planet - I7>75 
Saturn ----- 86,16 
Jupiter - - - - "S1?*1 

The Sun . - - 338343* 
Thus we fee that the fun is incomparably bigger than 

any planet, having more than a thouiand 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 r5oth Part* fl'he 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, f2. Venus is fuppofed nearly equal to 
the Earth. This is concluded from the effeff which 
(he produces on the preceflion of the equinoxes and the 
equation of the fun’s motion. The moon is fuppofed 
to be about ^l1 of the earth, from the effe£t (he pro- 
duces on the tides and the precefiion of the equinoxes, 
compared with thofe produced by the fun. 45 

When thefe quantities of matter are introduced intoSuy’s plan 
the computation of the planetary inequalities, and the . 
intenlity of the difturbing forces affumed accordingly,p|anet jg. 
the refults of the computations tally fo exactly with ob-termined 
fervation, that we can now determine the fun’s place exa^y* 
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 ! 

yam dubios nulla taligine pragravat error ; 
^hieis fuperum penetrare domos atque ardua cceli 
Scandere fublimis genii concejjit acumen. 

Halley. 

Sir Ifaac Newton having already made the great dif- 
covery of an univerfal and mutual defletlion of all the 
matter in the folar fyftem, was one day fpeculating on 
this fubjeft, and comparing it with other defledfions 
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 w*as the water of thep;0crrefso 
ocean formed into a fphere. This force extended, with- Newton’s 
out any remarkable diminution, to the tops of the high-^ffcovcry ‘ 
eft mountains. Might it not reach much farther ? May 
it pot operate even at the diftance of the moon ? In 
the fame manner that the planetary force defledls the 
moon from the tangent to her orbit, and caufes her to 
deferibe an ellipfe, the weight of a cannon ball defledls 
it from the line of its diredtion, and makes it deferibe a 
parabola. What if the defledting 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, iince 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 defledU'd 16 feet in one fecond, the weight 
of this ftone, if taken up to the height of the moon, 
fhould be reduced to the 25Coth part, and fhould there 
defied, j^th of 16feet in a fecond j and the moon fhould 

defied 
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deflcd 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 defleftion in a fe- 
cond ; but he found it confiderably 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 diflance 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 defle&ion of a ftone 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 diflance. Therefore the moon 
is deflefted 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 firft ; but it was this coincidence that excited the 
philofopher to a more attentive review of the whole fub- 
je6L When every circumftance which can affeft the 
refult is taken into account, the coincidence is found to 
be moft accurate. The fall of the ftone is not the full 
effedt 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. On 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 -ri-sth fhorter than if it revolved round 
the earth ; and the moon’s defle&ion is affe&ed by the 
fun’s difturbing force. But allthefe correftions can be 
accurately made, and the ratio of the full weight of the 
ftone to the full deflexion of the moon afcertained. 
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 deflett- 
ed toward each other, may be exprefled by the verbal 
noun gravitation. Gravitation does not exprefs a 
quality, but an event, a defle&ion, or a preflure. 

The weight of a terreftrial body, or its preflure on 
its fupport, is the effeft of the accumulated gravitation 
of all its particles ; for bodies of every kind of matter 
fall equally fall. This has been afcertained with the 
utmoft accuracy by Sir Ifaac Newton, by comparing the 

47 vibrations of pendulums made of every kind of matter, 

rnfaltaw r^'^<;re^ore their united gravitation is proportional to their 
of gravita- <luantity °f matter; and we have concluded, that every 
tion, 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 colle&ed view of all the phe- 
nomena, that all matter gravitates to all matter with a 
force in the inverfe duplicate ratio of the diftance. 

But we do not think that this inference is abfolutely 

certain. We acknowledge that the experiments on 
pendulums, confifting of a vaft variety of terreftrial mat- 
ter, all of which performed their ofciMations 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 propor- 
tionality of the fquares of the jperiods 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 
lyth of Jupiter had been fuch gravitating matter, his 
defleftion 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. ^3 

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 fa£t, continually 
deflected by its weight toward every other particle in thel>*11 0 oi) 1 * 
fyftem ; and that this defle&ion, or aftual deviation, or 
adftual preffure, tending to deviation from uniform rec- 
tilineal motion, is in the inverfe duplicate ratio of the 
diftance. 

This do&rine has been called the fyjlem of univerfalOV^tiions 
gravitation; and it has been blamed as introducing anto the law 
unphilofophical principle into fcience. Gravitation is°/grjyita“ 
faid to be an occult quality ; and therefore as unlit for fouled 
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 adlual defledlion, or an 
actual preffure, producing an a&ual dcfledtion of the 
body preffed. Thefe are not occult, but matters of 
continual obfervation. True, indeed, Newton does not 
deny, although he does not politively fay, that this de- 
flexion, preffure, or gravitation, is an effeX having a 
caufe. Gravity is faid to be this caufe. Gravity is the 
leing 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. 

The 
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The explanations of tlie 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 elFea of its heavinefs. It is a gravitation, 
an aftual preffure, 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 limilar to the preffure which 
a magnet exerts on a piece of iron. 1 his may peihaps 
be produced by the impulfe of a ftream of fluid ; lo 

^0 may the weight of a heavy body. But we do not con- 
Ourknow- ccrn ourfelves with this queftion. We gain a moft ex- 

1ed<re of tenflve and important knowledge by our knowledge of 

Sfathis univerfal iaw ; for we can now.explain every phe- 
nomenon, by pointing out how it is contained in this 
law ; and we can prediA the whole events of the folar 
fyftem with unerring exa&nefs. 1 his fliould fatisfy the 
-mofl: inquifitive mind. 

But, nitimur in vetitum, femper cupimufque negata. 
There feems to be a fatal and ruinous difpoiition in the 
human mind, a fort of priapifm of the underftanding, 
that is irritated by every interdiA of natural impetfec- 
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 conduAed in 
their orbits by a fort of intelligences, btTKip 'Pv^cu, which 

Vain at- animate the orbs that wheel them round. Although 
tempts to this crude conception met with no favour in later times, 
account another, not more reafonable, was maintained by Leib- 
?or k’ nitz, who called every particle of matter a monad, and 

gave it a perception of its fituation in the univeife, of 
its diilance and direAion from every other, and a power 
and will to move itfelf in conformity to this fituation, 
by certain conftant laws. I his So-rep 'Fu^ *n 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 unphiloiophical. 
But in what refpeA this perception and aAive propen- 
fity 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. 

But Newton is equally anxious with other phiiolo- 
phers not to aferibe gravity to matter as an innate in- 
herent property. In a letter to Di Bently, he earneft- 
ly requefls him not to charge him with fuch an abiuid 
opinion. It is an avowed principle, that nothing can ad 
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 leail convey, clear notions 
of the terms in w'hieh it is expreffed. The word ad is 
entirely figurative, borrowed from animal exertions; it 
is therefore unlike the expreflion of any thing intitled 
to the appellation of intuitive. If we try to exprefs it 
without figure, wl find our confidence in its certainty 
greatly diminifhed. Should we fay that the condition 
of a body A cannot depend on another body B that is 
at diilance from it, we believe that no perfon will fay 
that he makes this aflertion from perceiving the abfur- 
dity of the contrary propofition. In the demonftration, 

as it is called, of tfie perfeverance of a body in a flate of 
reil, the only argument that is offered is, that no caufe 
can be affigned why it fhould move in one direAion ra- 
ther than in another : but flrould any one fay that 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 (hewn to be 
falfe. 

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 produAion of a prelfure, 
like gravity, from motion, fays, “ as motion may arife 
from prefiing powers, fo we have feen that preffing 
powers may arife from motion. We fee that both exill 
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 fliould be poflefled of inherent tendencies ; much 
more that powers fliould exill independently. Farther, 
that philofopher mull be reckoned to have afligned the 
true caufes of phenomena, who demonftrates that they 
arife from motion ; for motion, once exifting, mull be 
preferved for ever. In the prefent inllance (a certain 
whimfical faA of a ball running round the infide of a 
hoop) we fee how a prefling powder 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 invelli- 
gate from what motions of what bodies each obferved 
power derives its origin.” 

Accordingly many attempts have been made to trace 
the planetary defleAions 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 aflumed, 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 defleAions without it. Even if the legitimate con- 
fequences of this hypothefis were confident 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 aAed 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 againft thofe at-inconfiftei 
tempts ; their legitimate confequences are mconfijient with cy of foirn 
the phenomena. By legitimate confequences we mean 
the laws of motion. Thefe muff; be admitted, and arethe phenQ 
admitted, by the philotopher who attempts to explain mena. 
the planetary motions by impulfe. It 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 mull be contrived fo 
as to anfwer the purpofe. It would be more Ample at 
once to aflign 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 immerled and whirled round the fun. 

' It 
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It has no 
.    , 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 mult 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 mull be its intenfity in different parts of 
the orbit, in order to produce an elliptical motion, and 
he finds that it mull be inverfely as the fquare of the 

__ It is aftoniftung that fo crude a conception ever obtain- net follows its motion, non alrepta tamcn, fed tranquilli. 

Ik Sues ed ^ Partifans; yet k lonS maintained its authority, ter qunf natante. The planet therefore has no tenden- and Hill has zealous defenders. Till Sir Ifaac Newton cy to perfevere in its former (late of motion. Why 
faw the indifpenfable necelfity of mathematical inveftiga- therefore does it not follow this harmonic motion ex- 
tion in every queftion of matter in motion, no perfon a&ly, and defcribe a circle tranquilliter natans ? This is 
had taken the trouble of giving any thing like a diftinCl owing, fays Leibnitz, to its centrifugal force, by which 
defcription of thofe vortices, the circumftances of their it perfeveres in a Hate of reCtilineal motion. T‘- 1  
motion, and the manner of their aClion ; all determined tendency to preferve its former velocity, b 
with that precifion that is required in the explanation : • • - . 
for this mull 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 efteCts 
of fuch vortices and the planetary motions in a few ge- 
neral circumftances ; and were neither at the trouble to 
conlider 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- --    .. ...v.u uv. as luc iquare OI U1C 
tention of a naturalift. But fince this explanation came diftance from the centre (for this reafon he is frequent- 

54 from a perfon defervedly very eminent, it was refpefted ly quoted by Bernoulli, Wolff, and others, as the difco- 
Exammed by Newton, and he honoured it with a ferious exami- verer of the law of gravitation). But Leibnitz arrives 

y ewton. natlon> jt 1S to th,s examination alone that we are in- at this refult by means of feveral mathematical blunders, 
debted for all the knowledge that we have of the con- either arifing from his ignorance at that time of fluxio- 
Ihtutmn of a fluid vortex, of the motions of which it nary geometry, or from his perceiving that an accurate 
is fufceptible, of the manner in which it can be produ- procedure would lead him to a conclufion which he did 
ced, the laws of its circulation, and the effeCts which it not wifh : for we have feen (and the demonftration is 
can produce. We have this account in Sir Ifaac New- adopted by Leibnitz in all his pofterior writings of this 
ton s Principles of Natural Philofophy; and it contains kind), that if the ordinary laws of motion are obferved, 
many very curious and interefting particulars, which a body, a&uated by this paracentric force alone, will 
have been found of great fervice in other branches of defcribe an ellipfe, performing both its motion of har- 
mechanical philofophy. But the refult of the examina- monic circulation, and its motion of approach to and re- 
tion was fatal to the hypothefis ; fhewing that the mo- cefs from the centre, without farther help. Therefore, 
tions which were poffible in the vortices, and the effeas if the harmonic circulation is produced by a vortex, a 
which they muft produce, are quite incompatible with force inverfely as the fquare of the diftance from the 

le appearances m the heavens. We do not know' one centre, combined with the harmonic circulation, will 
perlon who has acquired any reputation as a mechani- produce a motion entirely different from the elliptical. 

" atrteTc]° tifend U ;un°r do we knoW l}lrS dem°nftrated, that the force which is neceffary for of any other perfon behdes Newton who has attempted defcribing circles at different diftances, with the angu- 
to explain mathematically how the circulation of a fluid lar velocity of the different parts of the orbit, is not’in 
can produce the revolution of a planet, if we except Mr the inverfe duplicate, but in the inverfe triplicate, ratio 

k H r Tl -b ,,1he Ce ebrau,eiriTa-°f ^ PhlIof°pher. of the diftances. This muft have been the nature of 
Pr i! ‘n the .Leipfic Review in his paracentric force, in order to counteraa the centrl W 1689, three years after the publication of the fugal force arifing from the harmonic circula^ 5* 

terras 

vitation, and of the mechanical conftitution of the folar viewer! T e.Viw J i ie(i in.,08°- 1 hey were re- 
fyftem. We cannot help thinking this explanation the Leibnitz was at thaAime thfp^ncipal m^ ^ 
moft faulty of any, and a moft d.lmgenuous plagiarifm Review. When Newton publidted T S gCr 

from the writings of Newton. at Hanover a 
P 1 1 ■Le

1
,?nitz was living 

Mr Leibnitz fuppofes a fluid, circulating round the montha of its publication, by Nit'lasta "'I’"' 7° 
fun .0 fuch a manner that the veloc.ty of circulation in fore the Review. The lanruatre , f the 1)°’ 
every part is inverfely as its diftance from the fun. feveral fino-ularities wh.Vh S ? 1 1 • Review has 
(.V *. Newton had (hewn that fuch a circulation was own common 'an J few ZtoTZ'S 
poffible, and that it was the only one which could be ting. Befides this Drnnnfu i • i ^ his wn- 
generated in a fluid by an aftior. proceeding from the bee^ givenTo%he L^X^e^rJ 
centre). .Leibnitz calls this harmonica! circulation. He and was in the record^ before 8 befort:» 
fuppofes that the planet adopts this circulation in every feen by Leibnitz when in F b i ^ ^ b,e^e wt"re 

part of its elliptical orbit, obeying without any refill- his friend Collins. ^ * btInS Rnt him by 
ance the motion of this fluid. He does not aferibe this We think that the nr..' ' i • l 

^ polition,, 

49 



astro 

pofitlon, 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 clumfy 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.Leiphc Review above mentioned. -Leib- 
nitz was by this time a competitor with Newton tor 
the honour of inventing the fhixionary mathematics, and 
was not guiltlefs of ads of difmgenuity in afferting his 
claim. He publifhed at the fame time, in the fame Re- 
view, an almoft unintelligible difiertation on the reiitt- 
ance of fluids, which, when examined by one who has 
learned the fubjed by reading the Princtpta of Newton, 
affords an enigmatical defcription of the very theory 
publilhed by Newton, as a neceffary part of his great 
work. . 

But befides all the above objedions to Leibnitz s theo- 
ry of elliptical motion, we may afk, What is this paracen- 
tric force ? He calls it like gravity. This is preciiely 
Newton’s dodrine. But Leibnitz fuppofes this alfo to 
be the impulfe of a fluid. It would have been enough 
had he explained the adion of this fluid, without the 
other circulating harmonically. He defers this expla- 
nation, however, to another opportunity. It muft have 
very Angular 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 diftances; 
for this is quite incompatible with the harmonic circu- 
lation of his vortex. This would make the fquares of 
the periods proportional to the diftances. He lias per- 
formed neither of thefe promifes. Several years after 
this he made a corredion 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- 
fcure, vague, inconfiftent affumptions, and fo replete with 
mathematical errors, that it is aftonifliing that he had 
the ignorance or the effrontery to publifh it. 

qypothefis There is another hypothefis that has acquired fome 
reputation. M. le Sage of Geneva fuppofes, that there 
paffes through every point of the univerfe a ftream of 
fluid, in every diredion, with aftoniihing 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 paffes through will 
be incomparably greater than that of the intei cepted 
fluid ; but the impulfe of the intercepted fluid will be 
fenlibly proportional to the quantity of folid matter of 
the body. A Angle body will be equally impelled in 
every diredion, 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 publiftied this in a work called Chimie 
* Mechanique, and read ledures on this dodrine for many 

years in Geneva and Paris to crowded audiences. It is 
alfo publiflied by Mr Prevoft in the Berlin Memoirs, 

>£ t.e Sage. 
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under the name of Lucrece Neivtonien; stid there are- 
many who conAder it as a good explanation of gravita- 
tion : for our part, we think it inconceivable. I he 
motions of the planets, with undiminifhed velocity, for 
more than four thoufand years, appears incompatible 
with the impelling power of this fluid, be its velocity 
what it will. The abfolute precifion of the law ot gra- 
vitation, which does not {hew the fmalleft error during 
that time, is incompatible with an impulfe which cannot 
be exaaly 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 ^aturn, 
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 paffing through every point ? &c. 

We have already obferved that Newton exprefled the£ther o£ 
fame anxiety to avoid the fuppoAtion of adion among Newton 
bodies at a diftance. He alfo feemed to (how fome d»f-fdiffi£uU 
pofition to account for gravitation by the adion ot atieg> 
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 oi 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 tide 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 
fltnefs for Newton’s purpofe. It is wholly unfit \ for 
fince it is fluid, unequally denfe and elaftie, its particles 
are not in contad. Particles that are elaftic, and in a 
date of compreflion, and in contad, cannot be fluid ; 
they muft be like fo many blown bladders compreffed in 
a box; therefore they are not in contad; therefore they 
are elaftic by mutual repulfion ; that is, by ading 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 wilhes to avoid. Nay, it 
can be demonftrated, that in order to fofm a fluid 
which (hall vary in denfity from the fun to the extre- 
mity of the folar fyftem, there muft be a mutual repul- 
fion extending to that dijlante. This is intioducing mil- 
lions of millions of the very difficulties which Newton 
wiffied to avoid ; for each particle prefents the fame 
difficulty with a planet. 

We would now alk thefe atomical philofophers, wffiy 
they have, in all ages, been fo anxious to trace the ce- 
leftial motions to the effeds of impulfe } They imagine 
that they have a clear perception of the communication 
of motion by impulfe, while their perception of the pro- 
dudion of it in any other way is obfeure. Seeing, in 
a very numerous and iamiliar colledion of fads, 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 notio 
than that of gravitation ? Its being more familiar is no°L“P“g 
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 

mind 
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mind makes us confider this as an effeft, indicating a 
caufe which is inherent in that body which we always 
fee aflbciated 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 mull move the body B by ftriking it. 
The moment it ftrikes B, all the metaphyiical argu- 
ments for A's continuance in motion are at an end, and 
they are not In the lead affe&ed by the fuppofition that 
A and B fhould 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 ceflation of the motion of A. 
The produdfion of motion in B, by the impulfe of A, 
muit therefore ftand on the fame foundation with every 
other produ&ion 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 n° 67. of 
Optics of the Encycl.) We fee there a motion pro- 
duced in B without impulfe, and taken from A, limilar 
in every refpedt 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 adt 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 polTefles a moving power totally different from im- 
pulfe. Our belief of the impelling power of matter 
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 fadt, 
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 the fool- 
ifh hypothefes of planetary vortices, ethers, animal fpi- 
rits, nervous fluids, and many other crude contrivances 

go for explaining the abilrufe phenomena of nature, 
fmpulfe Nor does it deferve any preference on account of its 
rarely ob- greater familiarity. Juft the contrary ; for one fadt of 
served. undoubted impulfe, we fee millions where nodmpulfe is 

obferved. Confider the motion produced by the explo- 
fion of gunpowder. Where is the original impulfe? Sup- 
pofe the impulfe of the firft 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 fadts in animal motion. Re- 
fledt 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, eledfricity, &c. Impulfe is therefore a 
phenomenon which is comparatively rare. 

Have we ever obferved motion communicated by pure 

impulfe, without the adlion of forces at a diftance ? 
This appears to us very doubtful. Every one acquaint- 
ed with Newton’s difcoveries in optics will grant, that 
the colours which appear between two objedt 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 linking the other, is produced 
without impulfe, uulefs their mutual preffure has exceeded 
1000 pounds on the fquare inch of the parts which adl 
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 refledled ; 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 produdlion of motion by impulfe is, in every 
inftance, like the produdlion of motion between the 
magnets in n°8i. of the article Physics in the Encycl. 
and is of the fame kind with the produdlion of motion 
by gravity. _ 

Therefore no explanation of gravitation can be de Intervening 
rived from any hypothefis whatever of intervening fluids. Amds mul- 
They only fubftitute millions of bodies for one, and Hill' 
leave the adlion e diftanti the fame difficulty as before. CU^ie8' 
It is not in the leaft neceffary that we ffiall be able to 
conceive how a particle of matter cah be influenced by 
another at a diftance ; if we have difeovered in every 
inftance the precife degree and diredlion of the effedt 
of this influence, we have made a moft important addi- 
tion to our knowledge of nature ; and our fuccefs in 
the cafe of the power of gravity fliould make us affidu- 
ous in our endeavours to difeover, from the phenomena, 
the laws which regulate the other adlions e dijlantiy 
which obfervation is daily finding out. A knowledge 
equally accurate of the law of magnetic and eledlric ac- 
tion may enable us to give theories of magnetifm and 
eledlricity equally exadl 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 fubjedls 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 tells of the truth of his conje&ure. If the 
law be fuch as he fufpedled, its confequences mull be fo 
and fo; if the celeftial motions do not agree with them, 
the law mull be reje&ed. 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 objects, 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 occalioned their 
motions to be very carefully obferved, ever fince thefe 
ufes of them were firft fuggefted by Galileo, and their 
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theory is as far advanced as thit of the primary planets. 
It has peculiar difficulties. Being very near to Jupiter, 
the great deviation of his figure from perfed fpheneity 
makes the relation between their diftances 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 ^p1' 
tome of the folar fyftem, where the great rapidity of 
the motions mull bring about in a ffiort time every va- 
riety of configuration or relative pofition, and thus give 
us an example of thofe mutual diilurbances 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 ufeful pieces of information 

Eternal dn-from this inveftigation ; and have been led to the dif- 
rability of Covery of the eternal durability of the lolar iyitem, a 
the folar thing which Newton greatly doubted of. 
fyftem ^ Pound had obferved long ago, that the irregula- 

rities of the three interior fatellites w^ere repeated in a 
period of 437 days ; and this obfervation is found to be 
juft to this day. 

247 revolutions of the firft occupy 437d. jh. 44' 
123 fecond 437 3 42 

61 third 437 3 36 

26 fourth 435 14 16 

This naturally led mathematicians to examine their mo- 
tions, artd 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 
firft 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 
motion of the firft, 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 againft 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 conftant relation of their lon- 
gitudes, the improbability of the coincidence, as a thing 
quite fortuitous, becomes infinitely greater. Doubts 
■were firft entertained of the coincidence, becaufe it was 
not indeed accurate to a fecond. The refult of the in- 
veftigation is curious. When we follow out the con- 
fequences of mutual gravitation, we find, that although 
neither the primitive motions of projeftion, nor the 
points of the orbit from which the fatellites wete pro- 
jefted, 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 ftates 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 firft motions and pofitions ; and this 
caufes the wftiole fyftem to ofcillate, as it were, a little, 
and but a very little way on each fide of this exaft and 
permanent ftate. The permanency of thefe relations 
will not be deftroyed by any fecular equations arifing 
from external caufes ; fuch as the adlion of the fourth 
fatellite, or of the fun, or of a refifting medium ; be* 

caufe their mutual aftions will diftribute 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 fyftem in a ftate 
very little different from what obtains in any period of 
its exiftence. Although this required all the knowledge 
and addrefs of this great mathematician, in the manage- 
ment of the moft complicated analyfis, the evidence of 
its truth may be perceived by any perfon acquainted 
with the mere elements of fluxionary geometry. The 
law of the compofition of forces enables us to exprefs 
every aftion of the mutual forces of the fun and planets 
by the lines and cofines of circular arches, which in- 
creafe with an uniform motion, like the perpetual lapfe 
of time. The nature of the circle fhows, that the va- 
riations of the fines and 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 fince the in- 
finite feriefes which exprefs tbofe 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 ftill expreffible by 
repeated fums of fines or cofines, correfponding to arch- 
es which are generated by going round and round the 
circle. The analyft knows that thefe quantities become 
alternately pofitive and negative ; and therefore, in 
whatever way they are compounded by addition of 
themfelves, or their multiples, or both, we mull always 
arrive at a period after which they will be repeated witb 
all their intermediate variations. It may be extremely 
difficult, it may be impoffible, in our prefent ftate 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 wffiich the inequa- 
lities expreffed by fecular equations arrive, are ftill fub- 
jefted to fmaller correftions of incomparably longer 
periods, which arife from the terms negle&ed in our 
formulas. But the correftion arifing from any negledt- 
ed term has a period and a limit; and thus it will hap- 
pen that the fyftem works itfelf into a ftate of perma-A 
nency, containing many intervening apparent anomalies.* 
The elliptical motion of the earth contains an anomaly 
or deviation from uniform circular motion ; the acftion 
of Jupiter produces a deviation from this elliptical mo- 
tion, which has a period dependingon 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 adjuftment of motions 
which has attra&ed attention, as a thing in the higheft. 
degree improbable, in events wholly independent on each 
other. This is the exaft coincidence of the period of 
the moon’s revolution round the earth with that of her 
rotation round her own axis. The ellipticity or oval 
fltape of the moon differs fa infenfibly from a fphere. 
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that 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 pofition of the radius 'vedor. The extent of 

* this vibration would depend on the original difference 
between the motion of rotation and the mean motion of 
revolution. This difference muft 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 effedts 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 counteradfed by 
her pendular tendency, which has a force fuflicient 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 
demonflration of this is perhaps the mofl 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 muft be the effedt of a more confiderable el- 

63 lipticity, or internal inequality of denlity. 
Depends on This permanency of the fyftem, within very narrow 
the law of pmjtg Qf deviation from its prefent ftate, depends entire- 

defiedion, on t^e ^aw planetary defleftion. Had it been di- 
redtly or inverfely as the diftance, the deviations would 
have been fuch as to have quickly rendered it wholly 
unfit 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 
diredfion. The feJedlion of this law, and this form of 
the orbits, flrikes the mind of a Newton, and indeed 
any heart poffeffed of fenlibility to moral or intelledlual 
excellence, as a mark of wifdom prompted by benevo- 
lence. But De la Place and others, infedled with the 
’Theophobia 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 this is a quality ? Whether it 
be confidered as the emiffion of luminous corpufcles, or 
an undulation of an elaftic fluid, it is not a quality ema- 
nating from a centre : and even in this eftimation, it 
feems gratuitous, whether we {hall coniider 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 adfion e dijlanti muft do the fame; 
for when the diftances bear any great proportion to the 
diameters of the particles, their action deviates infenfibly 
from this law, and is perceived only by the accumula- 

tion of its effefts after a long time. It is only thus that 
the effe&s of the oblate figure of Jupiter are perceived 
in the motion of his fateliites. 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 thole propenlities of the human heart 
which are effentially deftrudtive of focial happinefs. ^ 
Thefe propenlities were always known to lurk in the And evin- 
heart of man ; and thofe furely were the wifeft who la-ce? thewiC- 
boured to keep them in check by the influence of moral ^om °*r 

principles, and particularly by cheriihing that difpofition Creator' 
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 this univerfal frame, 
“ Thus wond’rous fair; thyfelf how wond’rous then! 
“ Unfpeakable, who fitt’ft above thefe heavens, 
“ To us invifible, or dimly feen 
“ In thefe thy lowed; works ; ymt thefe declare 
“ Thy goodnefs beyond thought, and power divine.” 

Par. Lojl, b. v. 
“ But wandering oft, with brute unconfcious gaze, 
“ Man marks not Tuffi, 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 
difeo^ry of the aberration of light and the nutation of 
the earth’s axis, is that of the rotation of Saturn’s ring. 6c 
The ring itfelf is an objedf quite Angular; and when it Saturn’s 
was difeovered that all the bodies which had any imme-r“'£- 
diate connexion 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 our 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 centrifugal'force 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. <53 

Dr Herfchel’s discovery of brighter fpots on its fur-D;f over7 
face, and that thofe fpots were permanent during the?f

h
D,r 

whole time of his obfervation, feems to make it more j,,^ tj
e^" 

probaH* that the parts of the ring have a folid connec- 
tion. Mr Herfchel has 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 arc 
59°> IS1’ 774> 830, of a certain fealty and that the 

angle 
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angle fubtended by the ring at the mean djftance from 
the earth is 46I". Therefore its elongation is. 23}'. 
The elongation of the fecond Caflinian fatellite is 56'', 
and its revolution is 2d. I’yh. 44* fhis fhould gi^e» 
by the third law of Kepler, lyh. 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 J 3h. 36' ; and we obtain 
uh. 16' for the inner edge of this ring. Such varie- 
ties are inconfiftent 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 At nation 
by the law of planetary revolution. In fuch a ftate, it 
would con fill of concentric ftrata, revolving more flowly 
as they were more rdmote from the planet, like the con- 
centric ftrata of a vortex, and therefore having a relative 
motion incompatible with the permanency of any fpo.t. 
Beiides, 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 leaft 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 fe&ion 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 confident 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 aflertion. The 
above comparifons with the fecond Caffinian fatellite 
(hows 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 loh. 
32^ 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 proVia- near it. We cannot help thinking therefore that it con- 
bleconfift- fifts 0f matter which has very confiderable tenacity. An 
enclr 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 diminifliing 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 muft have an ofcillatory motion 
round the centre of Saturn, in cotifequence of their mu* 

N O M Y. 
tual aftion, and the action of the fun, and their own ir- 
regularities : but there will be a certain pofition which 
they have a tendency to maintain, and to which they 
will be brought back, after deviating from it, by the 
eUipticily 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 of 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 difllpate. 

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 fa 
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 reparation, which may afford perma- 
nent fpots. . 69 

We think that the rotation of Saturn’s ring affords it may fur- 
fome hopes of deciding a very important queftion about nith the 
the nature of light. If light be the propagation 
elaftic undulations, its velocity depends entirely on the 
elafticity and denfity of ihe fluid : but if it be the emif-of jlght. 
fion of corpufcles, their velocity may be affe&ed by 
other caufes. The velocity of Saturn’s ring is || of 
that of the earth in its orbit, and therefore about 
of the velocity of light. The weftern extremity (to us 
in the northern regions) is moving from us, and the 
eaftern is moving toward us. If light, by which we fee 
it, be refletted 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 difcovered by a difference in the refraction of the 
two lights. If an acromatic prifm could be made to re- 
fraft fourteen degrees, and if Saturn be viewed through 
a tekfcope with this prifm placed before it, there fhould 

be 
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be a change of lhape amounting to fjxteen feconds; if 
the axis of the prifm be parallel to the longer axis of 
the ring, it will diftort it prodigioully, 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 
objeft-glafs. 

Our expe&ation is founded on this unqueflfonable 
principle in dynamics, that when a particle of light 
pafles through the aftive ftratum of a tranfparent body 
which refvafts light toward the perpendicular, the addi- 
tion made to the fquare of its velocity by the refraft- 
ing forces is equal to the fquare of the velocity which 
thofe forces would communicate to a particle at reft on 
the furface of this refra&ing ftratum of the tranfparent 
body. Therefore if the velocity of the incident light 
be increafcd, 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 paffes 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 fine 
of incidence is to the fine of refraction in glafs as 20 to 
31, or as 10000 to 15500. If this be increafed TtVo> 
making it 10004, the ratio will be that of 10004 to 
15502,62, or of 10000 to 15496,4. The difference 
between the refradtions 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 diminilhed to 
9998, and the other increafed to 10002. 

We may juft add here, by the way, that the adlion 
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 lee no t^at JJftance from the moon where the centrifugal force, 

about^he^ arifing from the moon’s rotation, added to the gravita- 
jugod. tion to the earth, balances the gravitation to the moon. 

If the moon be x^th of the earth, this limit will be 
about -J-th of the moon’s diftance from the earth. If 
at this diftance the elafticity 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.Jy 
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, muft 
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 refpecftive 
axes—are neceffary confequences of one Ample principle 
of a gravitation in every particle, deci'eafing in the re- 71 
ciprocal duplicate ratio of the diftance. We fee that Al'h*16 rnc* 
this, combined with a primitive projection, will produce cJ?amca* 
every motion that we obferve. It was not neceffary, aSna 0f the 
Copernicus imagined, to imprefs three motions on the folar fyf- 
earth : one, by which it was made to revolve round thetern fl°w 

fun ; a fecund, caufing it to turn round an axis inclined!-rorn,one. 
to that of its orbit; and a third, by which this axis de-cipj8> ^ 
fcribed that conic furface which forms the precefllon of 
the equinoxes. One impulfe, not paffrng 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 preccffion 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 fad, wholly different from each 
other, and folitary and unconneCled. It is truly de- 
ferving admiration, that fuch an immenfe variety of im- 
portant phenomena flow fo palpably from one principle 
of fuch fimplicity, and fuch univerfality, that no pheno- 
menon is now left out unexplained, and predicted with, 
a certainty almoft equal to adtual obfervation. 

Shi-t toties animos velerum torferc fophorum, 
Shixque fcholas hodle rauco certamine vexantr 
Obvia confpicimus, nuletn pellenle Mathsji. 

Surglte mart ales y terrenas mittiie curas>, 
clique bine caligents vires dignoftite mentis, 
A pec udum vita longe lateque remote. 

AST 
Aftrothe- 

mata 

Afymme- 
try. 

ASTROTHEMATA, the places or pofitions of the 
ftars, in an aftrological fcheme of the heavens. 

ASTROTHESIA, is ufed by feme for a conftella- 
tion or colleftion of ftars in the heavens. 

ASTRUM, or Astron, a conftellation or affem- 
blage of ftars: in which fenfe it is diftinguifhed from 
AJler, which denotes a fingle 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, otkerwife 

A S Y 
called incommenfurability, or the relation of two quanti- Afymp- 
ties which have no common meafure, as between 1 and l0,es* 
4/2, or the fide and diagonal of a fquare. w—y— 

ASYMPTOTES (fee Encycl.) are, by fome, di- 
ftinguifhed 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 ; of the third order, 
when it is a right line oblique to the bafe; of the fourtk 
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 

II, tz 4- 2 order, when it is a parabola whofe ordinate is al- 
Auternqua. wayg ag t^e n p0wer 0f tlie bafe. The afymptote is ob- 

lique to the bafe, when the ratio of the firit fluxion of 
the ordinate to the fluxion of the bafe approaches to an 
affignable ratio, as its limit; but it is parallel to t^e 
bafe, or coincides with it, when this limit is not affign- 
able. 

ATTAR of roses. See Rosvs, Otter of, both in 
the Encyclopedia 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 colleftor or manager 

®f a diftrift on the part of government. 
AUTENTQUA, a large and beautiful country in 

Africa, lying to the eaft of the Cape of Good Hope, 
and inhabited, part of it, by Dutch colonills. The 
word duteniqua fignifies, in the Hottentot language, 
« a 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 Itep without fee- 
ing a thoufand fwarms 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 extraft 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 moft 
beautiful paftures, ftill added to the magnificent fcene. 
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 colleft 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 dbe&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 
occaiion for; and it is delivered to them at their houfes v"- 
wittiout any expence. The governor therefore has no 
perfcnal intereft to extend his views to this part of the 
adminiftration, 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 negleft advantages with which the 
perfonal intereft of the governor cannot poffibly 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, conftrudted of wicker-work, daubed 
over with clay ; the fltin of a buffalo, fixed at the four 
corners to as many ftakes, 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 pidhire 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 fifti 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 diredtions, 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 Angle elephant in the plain. 
The buffalo he defcribes, contrary to moft other travel- 
lers, as a timid animal, which never refills 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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jjA-titeniqua. which he ordered to be cut into very fmall pieces, that 

1 they might be more eaiily falted, 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 faking ; 
but on a fudden, while they were not expefting it, 
they found themfelves attacked by flights of kites and 
vultures, which, without exhibiting the leak fymptoms 
of fear, perched in the midft of them. The kites were 
above all the moll impudent. They feized upon the 
morfels of flefli, and even contended furioufly with his 
people. “ When they had each carried away (fays he) 
a pretty large piece, they retired to fome branch, at 
the diilance of ten paces from us, and devoured it before 
our eyes. Though we fired our fufees they were not 
frightened, but returned incefiantly to the charge ; fo 
that finding our powder waited in vain, we refolved to 
keep them off with large poles until our provifions 
fhould be quite dry. This manoeuvre, which for a 
long time haraffed 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.” 

1 Ms 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 profpefts became more magnificent, the foil 
feemed to be more fruitful and rich, nature appeared to 
be more majeftic 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 fcenes, contrafted with the dry and parch- 
ed fields of the Cape, made him exclaim, he fays, in 
ecflacy, “ What! fhall thefe fuperb regions be eternally 
inhabited by tigers and hons ? What fpeculator, with 
the fordid view only of ettablifhing 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 eaflern coafls of Africa ? Thus 
(continues he) was I refle&ing within myfelf, whilfl I 
was climbing the mountain, and forming vain wifhes for 
the con quell of this beautiful country, which the indo- 
lent policy of the European nations will perhaps never 
gratify.” 

If his defcription of its beauties and fertility be not 
greatly exaggerated, it is indeed wonderful that either 
the Dutch 01 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 eftablilhing 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. I 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 iinuofities, exhibit a huu- 
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dred groves, which are naturally variegated, and each Auteniqua. 
more agreeable than another. '"■"■’"'v 

The author proceeding forwards about two days 
journey, arrived at a bay known to navigators by the 
name of the Bay of sigoa, but called by the colonifts 
Blettenlerg’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, with which it abounds. 

T. his bay is one of thofe places where government 
might eftablilh warehoufes and repoiitories for timber ; 
and it is for this reafon that we have introduced it to 
notice in this article. The forells 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 deep 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 inexhauflible 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 yvhich they would have 
with the Cape. In a word, the Company, Continues 
he, have nothing to do fo much for their own jntereft 
as to form here a proper eftablifhnient. 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 diftated 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- 
iler, as well as the mailer of his fedl, Lucretius, might 
have taught him, that fear, if not a better principle, will 
generate the notion of fuperior beings in the minds of 
lavages ; and from fear, by his own account, the inha- 
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 
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a prey to the paifion of jealoufy (as other travellers 
have reprefented 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. Vaillant s 
map, lies between 3 3<; 30' and 340 50' of fouth latitude, 
and between 20* and 23° 40' of eaft longitude ; and 
his rout through the country was from fouth-welt to 
north-eaft, or nearly fo. . , , , r 

AUTOMATON. Under this title and that ot 
Androides full credit was allowed in the Encyclopedia 
Britannica to the ftory of M. de Kempel’s mechanical 
chefs-player, and a detail at fome length was given ot 
the feats of that figure, as well as of lome other lurpn- 
jing automata. No man more readily admits the powers 
of the fkilful mechanician than the writer of this fnort; 
article; but having many years ago detefted the impo- 
fition which was praftifed on the public in fome parts 
of Scotland by a circumforaneous mountebank, w'ho 
exhibited a figure apparently capable of wmitmg a cer- 
tain number of words, he has ever once fufpected im- 
pofture in all automata which appear to have the power 
of varying their motions according to circumflances. 
With refpedt to the chefs-player, there is now fufficient 
evidence that his fufpicions were well founded. 

In the defcription of this figure [Encycl. Vol. I. 
-787.), “ it is faid that the automaton could not 

play unlefs M. de Kempel or his fubftitute 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 almoft immediately under the 
chefs-board, and agitated the whole machine.” This 
we learn from Thomas Collinfon, Efq; who was let in- 

to the fecret at Drcfden by a gentleman of rank and ta- Aufmtu, . • 1 y -i 1 ton. 
lents, named Jofeph Frcidrick Freyhere, by whom the 
vitality and foul oi the chefs-playing figure had fome ^ 
time before been completely discovered. Mr Collinfon, 
finding that Ur Hutton had given the fame credit with 
us to the reality of mechanical chels-playing, undecei- 
ved his friend, by communicating the difcovery of Frey- 
here in a letter, which the Uodfor has with great pro- 
priety publifiled in the Jddenda to his Mathematical 
Uidiionary, Mr Collinfon adds, and we doubt not 
w'ith truth, that, “ even after this abatement of its be- 
ing fir icily an automaton, much ingenuity remains to 
the contriver.” This was in fome degree true of the 
mechanifm of the writing figure, of which the compiler 
of this article dete&ed the bungling impofture of the 
two exhibiters. The figure itfelf, with all the principles 
of its motion, were very ingenioufly conftruded ; 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 expofe 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 fiiow 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 
Ihorteft of all the conjugate diameters. 

Tranfverfe Axis, in the ellipfe and hyperbola, is the 
diameter palling through the two loci and the two prin- 
cipal vertices of the figure. In the hyperbola it is the 
Ihorteft diameter, but in the ellipfe it is the longeft. 

ton, 
Axis. 
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Bahrd. T> AHRDT (Dr Carl Friedirich) was fo deeply con- 
t ^ . -D cerned in a combination of philofophers formed, as 

they faid, for the advancement of fcience and virtue, 
that an account of his life mull be interefting, if it were 
only to Ihow the effeCls of this philofophic culture on 
his own morals. We truft therefore that our readers 
will be pleafed, perhaps improved, by the following nar- 
rative, taken from documents the moft authentic, by a 

* See Pro- man* whofe communications on other fubjefts do cre- 
feffor Robi- ^fi- to this volume. 
Jon of Edin- Carl |rrje(iirich Bahrdt was, in 1741, born at Leip- 

prSfs\fa fig, where his father, then a parilh minifter, and after- 
Confpiracy wards profeflbr of theology, died in 1775. It is natu- 
agawf all ra] to fuppofe that fuch a parent would be at due pains 
the Religions tQ jnto ^ mjn(j 0f his fon the principles of piety, 

"mcnuiyEu-virtue, and patriotifm, which is indeed a branch of vir- 
tue ; but if fo, he lived to fee that his labour had been 

in vain. While yet at college, where the courfe of his Bahrdt 
ftudies was calculated to fit him for the important of- —V* 
fice of preaching the gofpel, the young man enlifted as 
a huflar in the Pruffian fervice ; but being bought off, 
he returned to the univerfity, where, in 1761, he was 
admitted to the degree of M. A. Soon afterw'ards he 
became catechift in his father’s church, wras 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 higheft degree bitter and offenfive. From the fhafts 
of his malice no perfon was fafe. Profeffors, magiftrates, 
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Bahrdf, and clergyman, had indeed his chief notice ; but he 

condefcended occafionally to attack ftudents, and fpared 
not even his own comrades or his friends. 

Whilil he was thus labouring to make enemies of all 
to whom he was known, unfortunately, for his own cha- 
rafter, his temperament was what the atomical philofo- 
phers (who can explain every thing by ethers and vi- 
brations) 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 dreffed 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 Rheniih, he faw her home to her lodgings. 
Some time after this interview, the miftrefs of the houfe 
(a Madam Godfchulky) 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 his charafter 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) wasfenfible 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 cautioufiy 
made, in the midft of a town, of which the inhabitants 
had been the indifcriminate obje&s 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 juflice, 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 
chara&er in Leipfig, and muft 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 (he 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 

how been made acquainted with this nefarious tranfac- 
tion, and brought it into court on the day that our'' 
hero was to make fome very reverend appearance at 
church. The cafe of Bahrdt was now hopelels ; for 
after fome unfuccefsful 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 feverefl calamities to which human nature is liable ; 
but for this calamity the father of Bahrdt muft have 
been long prepared, as his fon appears to have been re- 
markably undutiful. Of this we have one memorable 
inftance recorded by hiinfelf. His father, he fays, was 
fevere, and his own temperament hafty, fo that he 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 eftablifhment 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 ineffeftual. At laft he got a 
profeflbrlhip at Erlangen, then at Erfurth, and in 1771 
at Gieflen. But in each of thefe places he was no 
fooner fettled than he got into difputes with his col- 
leagues and with the eftabliftied church ; for he was a 
ftrenuous partizan of the innovations then attempted to 
be made in the dodtrines of Chriftianity. In his publi- 
cations, which were generally anonymous, he did not 
truft to rational difcuffion alone, but had recourfe to ri- 
dicule and perfonal anecdotes, and indulged in the moil 
cutting farcafms and grofs fcurrility. 

His love for convivial company continuing, his in- 
come was infufficient for the craving demand. Finding 
therefore that anecdote and fiander always procured 
readers, and pofieffing a wonderful a&ivity and facility 
in writing, he never ceafed from publiftu’ng 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- 
feffbr of divinity, the hoft of enemies which he had been 
at fo much pains to raife againft himfelf, were furnifiied 
with fufficient grounds for fubje&ing his conduft to le- 
gal cognizance ; even the very ftudents at Gieffen were 
ffiocked at fome of his liberties. 

The confequence of all this was, that, after much 
wrangling in the church judicatories, he was juft about 

Bahrdt, 

at laft getting the paper out of her pocket, he tore it / to be difmifled from his profefforfhip, when he got an 
*  - „ ^ •-» £» / 1 ri ii n v* r\T n /■» I /a 4 * j 4- in i » a •-» l. v H ♦- m n ♦ 1n 4-/a l\/j -a v 4 /“» It t 1110 1*1 Sv 117 11 rr f I 'i n/t ♦ \ 4 11 n ♦- in pieces, opened the door of a clofet in which Bahrdt 
was concealed, and faid, “ There, you b ; 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 whole 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 miftaken. The’magiftrate Bel had fome 

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 Defl’au by one Ba- 
fedow, 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 univerfi- 
ties ; for its author profefled to confider languages, 
fciences, and the ornamental exercifes, as mere acceflb- 
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ries, 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 inftkution the more extenfively ufe- 
ful, the rules by which the education was to be con- 
duced were framed in fuch a manner as, it was thought, 
would remove from the minds of Catholics, Lutherans, 
and Calvinifts, all uneafinefs refpe&ing 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 pofttive 
religion whatever, and to inftruC the youth educated 
there in the principles only of natural, or, as it was 
called, philofophical religion. 

This plan was peculiarly fuited to Bahrdt’s tafte, be- 
caufe it left him at liberty to introduce into his academy 
any fyflem of religious or irreligious opinions that he 
pleafed ; a liberty of which he refolved to avail himfelf, 
and, though now a doctor in theology, to outftrip, 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 limple. 
“ The leading propenfities of the human mind (he fays) 
are three ; inftinCive liberty, inftinCive aCivity, and 
inftinCive love.” By thefe expreffions we fuppofe he 
means, “ innate love of liberty, inflinC prompting to 
aftion, and the fexual appetite and he immediately 
adds, that “ if a man is obflruCed 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 
expefted ; 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 abfeond after lying fome time in prifon. 

From Marfchlins he went to Durkheim, a town in 
the Palatinate, where his father had been miniller, and 
where his literary talents were well known. After fome 
little time he got an affociatioh formed for erecting and 
fupporting a Philanthropine or houfe of education. A 
large fund was colle&ed ; 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 highefl: degree 
accomplifhed. “ With found judgment (fays Bahrdt), 
great genius, and corredl tafte, he was perfectly a man 
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 refpeft- 
able conneftions ; for he was univerfally efteemed as a 
man of learning and of the moft unblemifhed character. 
He was my friend, my conduftor, and I may fay my 
preferver ; for when I had not bread for two days, he 
took me to his houfe, and fupplied ail 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 ftranger to the prin- 

ciples of thofe who have on the continent of Europe Bahrdt, 
affociated for the purpofe of enlightening the world. ^ 
This amiable man, whofe charadler is here fo juftly 
drawn, was afterwards depi&ed 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 charafter completely from this flanderous abufe, and 
to convidl Bahrdt of having publiftied what could not 
pojjibly he true. 

This ungrateful liar returned from England, and car- 
ried into execution his plan of the Philanthropine. The 
caftle of Count Leining Hartzburgh at Heideftieim, 
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 characters of the 
moft refpectable men in the Hate, that he was conti- 
nually under the correction of the courts of juftice. It 
was hardly pollible for a man of letters to be in his 
company, and not fuffer by it ; for it was his conflant 
practice to attribute every ftep which he took towards 
atheifm, to the force of the arguments urged by fome 
of his 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 ats of friendfhip to himfelf, 
he may be aftured, that before the clofe of the book 
this man (hall be reprefented as having in private con- 
verfation convinced the author, that fome doeftrine, che- 
rifhed and venerated by all Chriftians, is a piece of kna- 
vi(h fuperftition. 

Dr Bahrdt had married, while at Gieflen, a woman 
with a fmall fortune : but fuch a ftranger was he to the 
delicacies of wedded love, fo loft indeed to all fenfe of 
decency, that he contrived one day to entice his wife 
naked into the bath in the garden of his Philanthropine, 
where, in the water, he, being alio 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 fad, that he was 
equally regardlefs of the praife or cenfure which might 
be attached to his addons ; for furely the groffeft hog 
that ever before him battened in the Epicurean fly 
would not have prefented fuch an exhibition to boys. 

The confequence of all this was, that he was obliged 
to fly from Heideiheim, leaving his fureties in the Phi- 
lanthropine to p^y 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 the refort and the 
bane of the ftudents in the univerfity, and he was obli- 
ged to leave the city. He had fomehow got money 
fuflicient to purchafe a little vineyard, pleafantly fitua- 
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Bahrdt. ted in the neighbourhood. This he fitted up with 

every accommodation that could invite the ftudents, 
and called it Babrdt’s Ruhe (Bahrdt’s repofe) ; where 
he lived for two years, directing 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- 
refts of genuine Chriftianity, the Chriitian reader is al- 
ready fufficiently accquainted ; but he will not wander 
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 objeft is to 
aboliffi 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 myftical 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 thej£r/? .• 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 fpedlator 
tut not the governor of the wrorld. 

To propagate thefe impious and abfurd notions, 
Bahrdt publilhed many books of the moft antichriftian 
tendency, and fome of them calculated to make their 
readers ihake off all moral obligation. But the labours 
of the fociety were not confined to religion : it incul- 
cated on its members the moft dangerous maxims of ci- 
vil conduct : for, as we learn from Bahrdt himfelf, the 
objefts at which the Union aimed were—Advancement 
of feience—a general interejl and concern for arts and learn- 
ing—excitement of talents—check of fcrilbling—good edu- 
cation LIBERTY EQUALITY hofpitality DELIVERY 
of many from misfortunes—union of the learned— 
and at lajl—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 
conjeftures cannot be favourable. Bahrdt was a villain, 
and could be affociated only with villains, whofe affairs 
he managed with the help of an old man, who lived at 
bed and board in his houfe for about fix fhillings 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 
conduft and his conftant imprudence made him fufpedt- 
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 Ruhey 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 increaling pain, he died on the 23d of April 
1793, the moft wretched and loathfome vidlim 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 defpotifiD. 

] BAH 
Dr Bahrdt affe&ed to be the enlightener and reformer Bahrdt. 
of the world ; and affirmed that all the evils of life pri- —”Y—- 
ginated from defpotifm and fuperftition. “ In vain 
(fays he) do we complain of the inefficacy of religion. 
All pofitive religion is founded on injuftice. No prince 
has a right to prefcribe or fandtion any fuch iyftem ; 
nor would he do it, were not the priells the firmeft pil- 
lars of his tyranny, and fuperftition the ftrongeft fetters 
for his fubjedls. He dares not fhow Religion as fhe is, 
pure and undefiled—Ihe would charm the eyes and the 
hearts of mankind, would immediately produce true mo- 
rality, would open the eyes of freeborn man, would 
teach him what are his rights and who are his oppref- 
fors, and princes would vanifli 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 effeflive purity, it is furely a very perti- 
nent queftion, “Whether has the fight produced on his 
mind an effedt 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- 
viftons 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 he faid that we have only related fo ma- 
ny inftances of the quarrels of priefts and their ftavifh 
adherents with Dr Bahrdt. Det us view him in his 
ordinary condudt, not as the champion and iliartyr of 
illumination, but as an ordinary citizen, a huiband, a fa- 
ther, a friend, a teacher of youth, a clergyman. 

When Dr Bahrdt was a parifh minifter, and prefident 
of fome inferior ecclefiailical diftrift, he was empowered 
to take off the cenfures of the church from a young wo- 
man who had born a baftatd 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 falemn farce of confecrating 
his Philanthropine, he debauched the maid-fervant, who 
bore twins, and gave him up for the father. The 
tiling was not judicially proved, but was afterwards 
made fufficiently evident by letters found among his 
papers, and publiffied by one of his friends in the Union. 
Having iupported thefe infants, in a pitiful manner, for 
little more than a year, he 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 almoft frozen 
to death. 

So much for the pmity of his morals and his reli- 
gion, as he appears in the chara&er of a father and 
of a clergyman. His decency as a hufband, and his 
gratitude to his friend, we have already feen ; and 
we fhall 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 owq. 
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apartment ; and the laft thing which he did was to 
fend for a bookfeller, who had publithed 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 (hows in 
a ftrong light the falfity of all his declamations in favour 
of his &fo much praifed natural religion and umverfal 
kindnefs and humanity. No man of the party writes 
with more perfuafive energy, and, though his petulance 
and precipitant felf-conceit lead him frequently altray, 
no man has occafionally put all the arguments of thefe 
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 foftermg 
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 deftruaive 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 his vices as the effe&s of his illumination. He 
was fenfual, ungrateful, and profane, before he was ad- 
mitted into the order of the Illuminati ; but had 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 notonoudy profligate as Dr Bahrdt. 
Their views, however, being to govern mankind thro’ 
the medium of their fenfual appetites, and to reign in 
hell, rather than ferve in heaven, they could not have 
employed a better inftrument. Dr -Bahrdt was a true 
riifciple of illumination ; and though his torch was made 
of the coarfeft materials, and ferved only to diicover 
fights of woe, the horrid glare darted into every corner, 
roufing hundreds of filthy vermin, and dire&ing 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 bleffings of liberty, Bahrdt addreffed htm- 
felf to readers of all defcriptions, and affailed at once the 
imagination and the appetites. He taught them, that 
religion is an impofture ; that morality is convenience ; 
and, with blafphemy peculiar to himfelf, that he and 
his order, by their licentious doftrines, were to complete 
the plan and aim of J  C  

BAILLY (Jean-Sylvian), who made inch 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 diftinguilhed painters during four fuc- 
cefllve generations. He was bred to the fame profef- 
fion, but (bowed an early tafte for poetry and the beftes 
lettres. Chancing, however, to become acquainted with 
the geometer La Caille, this circumftance decided his 
genius, and he thenceforth devoted himfelt 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 publiftted an ufeful and laborious compilation, being 
the reduction of the obfervations made by La Caille in 
1760 and 1761, on the zodiacal ftars. He likewife be- 
gan to confider the theory of Jupiter’s fatellites, and, in 
the competition for this prize queftion of 1764, had a 

2 ] b A 1 
formidable rival in La Grange, who already promifed to 
become the firft mathematician in Europe. The re- — 

Cults of his inyeftigations were collefted into a treatife 
publiihed in 1766, containing alfo the hiftory of that 
part of aftronomy. In 1771 he gave a moft curious 
and important memoir on the light of the fatellites, and 
introduced a degree of accuracy till then unknown in 
the obfervations of their eclipfes. 

His (Indies were not confined to the abftradt fciences; 
for he cultivated letters with (uccefs. His eloges of 
Charles V. of Corneille, of Leibnitz, of Moliere, and 
afterward thole of Cook, La Caille, and Greffet, were 
much admired. His eloquence pointed him out as a 
proper perfon to fill the charge, vacant in 1771, of fe- 
cretary to the Academy of Sciences ; and, under the 
patronage of Buffon, he flood candidate for that en- 
viable place. He failed: but it was the high birth and 
promifing talents of the young Condorcet, joined to the 
aftive influence of D’Alembert, that carried the prize. 

In 1775 appeared the firft volume of the Hiftory of 
Aftronomy, which indeed ftrews the path of fcience 
with flowers, and in every refpeft is a moft valuable 
WOrk—full of animated defcription, of luminous narra- 
tive, and interefting detail. His very peculiar ideas 
concerning the early (late ot Upper Afia gave rife to 
an ingenious correfpondence and diicufiion with the ve- 
teran philofopher Voltaire, the fubftance of which foon 
appeared in two volumes, intitled, “ Letters on the Ori- 
gin of Sciences,” and “ Letters on the Atlantide of 
Plato.” If imagination (hone 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 ftill exifts in manu- 
fcript, 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 contra&ed with 
that celebrated naturalift a clofe friendftiip, which vyas 
diffolved by Bailly’s uncourtly 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 Hiftory of Aftronomy 
fucceflively appeared, and that capital work was com- 
pleted in 1787 by the Hiftory of the Indian and Orien- 
tal Aftronomy ; 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 project for a new 
hotel-dieu or infirmary. 

We now approach the eventful period which 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 fitted 
him. He had feen, as others faw, the defefts 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 
had formed notions of that bleffing which experience 
Ihould have taught him can never be realifed among be- 
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Bail!y, 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 Flat; and when 
that chamber was conftituted the National Afiembly, 
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 molt other countries oi 
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 functions he acted 
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 midll of revolu- 
tions ; and fuch proved the ruin of Badly. 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 collefted 
tumultuoufly to demand the abolition of monarchy, 
Bailly was ordered by the- National Affembly 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 fnots 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 a&or. Thefe 
come down only to the 2d of O&ober 1789, but 
would make a large quarto volume ; and La Lande, 
from whofe Eloge de Badly this article is taken, gives 
us hopes that the manufeript will be publifhed. Fie 
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, fummarily 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 
refpeft than the paflion of love. He was tall in his 
perfon, of a ferious deportment, and joined firmnefs to 
fenfibility. Never did philofopher diftinguifh himfelf in 
fo many different lines, nor acquire fuch deferred repu- 
tation in them all. Flis difintereftednefs was pure and 
unaffeCted ; and during his magillracy he fpent a part of 
his fortune in relieving the wants of the poor. Flis 
virtue remained as untainted in his various public fta- 
tions as in the fweet retirement of domeltic life. 

Such is the encomium puffed upon this philofopher 
and llatefxnan by no lefs a man than the celebrated af- 
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tronomer M. de la Lande ; but to thofe who are not Balio! 
infeCted with the mania of freedom, it will doubtlefs ap- ljam 
pear greatly exaggerated. That M. Bailly was a man 1, —^—Trf 
of eminence in the republic of letters, is known to all 
the learned of Europe ; that in his political condud he 
meant to promote the good of his country, it would 
certainly be prefumptuous in us to deny ; and that he 
fuffered unjuflly, 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 ot 
injuftice, when he concurred in the degradation of the 
privileged orders, and in 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 Encyclopaedia) the brother of King Alex- 
ander, but the great grandfon of David Earl of Hun- 
tington, third fon 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 ftrong iron item, having 
a crofs fleel 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 f 
of ordnance is pointed ftraight towards the wooden Diciiortary* 
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 caufies the pendu- 
lum to vibrate more or lefs according to the velocity of 
the proje&ile or the force of the blow ; and by obfer- 
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 ftruck the blow 
and urged the pendulum. 

BANKA (fee Banca, EncycL) 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, pofiefTor alfo of the territory of Palam- 
bang, keeps his conftant reiidence. This prince main- 
tains his authority over his own fubjeCts, and his inde- 
pendence of the neighbouring fovereigns, chiefly by the 
affiftance of the Dutch, who have a fettlement and troops 
at Palambang, and enjoy the benefit of a contrail with 
the king of Banka for the tin which his fubjecls procure 
from that ifland. Such at leaft was the cafe in 1793, 
when Lord Macartney touched at Banka on his w ay to 
China. At that period the fovereign compelled his fub- 
jefts, and probably does fo at prefent, to deliver the tiu 
to him at a low price, and fold it to the Dutch at a fmall 
advance, purfuant to his contraCt. Thofe miners, from 
long pradfice, have arrived at great perfection in redu- 
cing the ore into metal, employing wood as fuel in their V, 
furnaces, and not foffile coal, or coak, which is feldom 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 whofe hands this trade has now fallen we 
know not; probably it is in a great degree negledted. 

BANTAM, the capital of a kingdom of the fame 
name in the Hand of Java, is, in the Encyclopaedia, faid 
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to be a large town with a good harbour and fortified 
caftle Sir George Staunton, however, who vitited Ban- 
tam fince that article was publilhed, gives a very diffe- 
rent account both of the town and of its harbour. Once 
indeed it was a place of coniiderable confequence, being 
the great mart for pepper and other fpices, whence they 
were difixibuted to the reft of the world. The chief 
fa&ory of the Englifh as well as Dutch Eaft India Com- 
pany was fettled there. The merchants of Arabia and 
Hindoftan reforted to it. Its fovereigns were fo deli- 
rous of encouraging trade, by giving fecurity to foreign 
merchants againil the violent and revengeful difpofitioo 
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 flourifhed 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 refpe&s having taken a new courfe, 
Bantam was reduced to a poor remnant of its former 
opulence and importance. Other circumfiances 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 conii- 
derable way to the eaftward, that it is inacceffible at 
prefent to veftels of burden ; even the party who went 
there from the Lion, the fhip 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 faft their captive. Ide refides in a palace 
built in the European ftyle, 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-fide. 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 fubjefts are 
obliged to fell to him all the pepper they raife in either 
ifland, at a low price, which he is under contraft 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 prieft 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 rites might be conveniently performed ; 
in like manner, as all affairs of ftate are adftually tranf- 
adled by the Bantamefe under feme' ftradowing tree by 
moon-light. To complete the ruin of Bantam, a fire 
fome time ago deftroyed moft of the houfes, and few 
have been fince rebuilt. 

BANYAN-tree. See Ficus, isMcyc/. 
British BARILLA, is the name given by Mr 

James King of Nevecaftle upon Tyne, to a material in- 
vented by him to fupply the place of Spanifti barilla in 
the making of crown window-glafs, broad window-glafs, 
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and glafs-bottles, as alfo in the manufacturing of foap Barilla, _ 
and alum. For thefe purpofes he affirmed that it an- B ■mhelemi. 
fwered much better than any other material then in 
ufc ; and in confequence of that affirmation he obtain- 
ed a patent for his invention, dated March 4. 1780. 

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 lhall lay before 
our readers bis method of making the Britiftr 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, or any other kind of green wood or 
bramble : Take an equal quantity of the aftres obtained 
by burning the green vegetables known by the name of 
fern, brecon, bean and pea-ftraw, whins, common field 
and high-way thirties, the (talks of rape or muftard- 
feed, or the bent or rufires that grow by the fea-fiiore.” 
Though we know not in what qualities the allies ob- 
tained from the former fubftances differ from thofe ob- 
tained from the latter, the author, as if the difference 
was very great, diredts thefe equal quantities to be mix- 
ed together, lifted through a fine fieve, and laid upon a 
boarded floor, where a quantity of foapers walte-afhes, 
equal to the whole compound mafs, is to be added to it, 
and well mixed with it by means of a (hovel or other 
inftrument. To this mixture of vegetable alhes and 
foapers wafte-afhes is to be added a quantity of fine 
quick lime, in the proportion of one hundred weight to 
twelve hundred of the blended allies, 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 lufficient, fays the au- 
thor, to diffolve the allies and lime ; and the whole is 
to be ftirred with au 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 
conftantly fupplied to impregnate the materials with fa- 
line matter fuffieient for calcination in a reverberating 
furnace or calcar. In this calcar the faline mafs, which 
was boiled in the pan, is by intenfe heat to be diffolved, 
and kept in a ftate 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 Britifli barilla, and has the appearance of 
Spanilh barilla. .See 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 
interefted 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 Courcay, keeper of the medals and antiques in the 
French king’s cabinet, and in 1 747 was ele&ed a mem- 
ber of the Academy of Infcn'ptions. From 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 Paftolus was read 
1748 {Hi/l. de l*Acad. X. 29.) ; Reflexions on a Me- 
dal of Xerxes, King of Arfamata [Mem. de l’Acad. 
XXXVII. 171.), found, or faid to be found, by Four- 
mont in the temple of Apollo Anycleus (XXXIX. 
129.); Effay on Numifmatic Palaeography, ib. 223; 
Dilfevtation "on two Samaritan Medals of Antigonus 

King 



BAR 
fUrthe- King of JuJea, ih. 357 ; Remarks or. fome Infcriptions 

publifhed by different authors, XLV. 99 ; DuTertation 
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 infcrip- 
tions of their own names on the reverfe. On the An- 
cient Alphabet and Language of Palmyra, il. 179 ; on 
the Ancient Monuments of Rome, the refult of a tout- 
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 charafters from the latter on the banda- 
ges of the mummies. Explanation of the Mofaic Pave- 
ment of the Temple ofPraenelte, ih. 149; of which there 
have been four engravings lince its firit difcovery in 1650, 
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, LVII. 383 ; on fome Medals publifhed by 
different authors, LIX. iyo; Explanation of an In- 
fcription 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 flruck in Egypt, LXXX. 484. 
1775 (a)- 

His interpretation of the Phoenician infcription at 
Malta, LIII. 23, was controverted by our learned lin- 
guilt, Mr Swinton, in Philof. Tranfabt. LIV. art. xxii. 
p. 119 ; in farther remarks, ib. art. Ixx. p. 393. 

In 1792 he publifhed a differtation on an ancient 
Greek infcription, containing an account of expences of 
the public feafts under the archontate of Glaucippus, 
410 years before Chrifl. 

The intimate acquaintance which he had cultivated 
with claffical antiquity, enabled him, in the clofe of a 
long life, to compofe that chef-d'auvre, 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 inltruc- 
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 introdudlion 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 
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hiftory of the Athenians commences about 130 years 
after the firft Olympiad, including the age of Solon, or 
that of legifiation ; that of Themiftocles 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 pafied in filence,” fhould 
have preferved him from the-horrors of a long confine- 
ment in an advanced age, from which he w-as delivered 
only to die. But arts, iciences, 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 {fate : “ Corrupted mo- 
rals are not reftored but by the lofs of liberty, which 
brings that poverty inconfiftent with foftnefs, and infe- 
parable from abftemioufnefs, if not that rigid principle 
of a healthy mind, which is properly called virtue.'’ In 
this period, though the arts were encouraged, philofo- 
phy was negledled. 

In this diverfified undertaking, where the picture of 
ancient Greece, in its minuteft 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 refledlion in purfuit of fomething in- 
genious to add to it. The plans, view's, 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 claffics 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 he concurred in the revolution, wre 
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 fufpefted of 
being a friend to peace. Of the perfecution of Barthe- 
lemi, in the extremity of old age, the convention itfelf 
feemed to be alhamed ; for it unanimoufly voted him a 
penfion rs 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 Duffaulx, in 
the national convention : 

“ Legiflators, your liberality conferred honour on the 
latter days of the life of our refpeftable 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 Neftor of French literature ? It might, 
perhaps, be futficient to tell you,' as Xenophon faid with 
fo much fimplicity of one of his moft illuftrious con- 
temporaries, that Barthelemi was an excellent man in 
all refpedls. In fadf, thofe w’ho knew him wrere at a 
lofs which to admire moft—his immortal Anacharfis, 
or his own life. His policy confifted in goodnefs ; his 
fcience was an immenfe treafure of every thing that 
could purify the morals, perfett the tafte, render man 
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(a) The references here are to the duodecimo edition of the Memoirs of the Academy of Infcriptions, 
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BanMoni more dear to man, and contribute to ‘'■e fplendour of 
" Wscouotry. A fingk tra.t w.U cou.mce you of the 

mildnefs of his philanthropic mind: Why is it not 
permitted (he often faid) to a mortal to bequeath prof- 
perity to his fellow-creatures ?’ After having been over- 
whelmed with the favours of fortune, which came un- 
expeftedly and unfought, he became poor ; yet his cha- 
rafter far from finking under the preffure, acquired 
new refpeft; and he proved that poverty, fupported with 
dignity! is not lefs honourable than wealth accompanied 
S benevolence. Permuted, as all virtuous and n 
lightened citizens were, he carned

v
wlth

r
him
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geon of that tyranny which you have fo glon°ufly de- 
itroyed, the conftancy and feremty of Socrates. It was 
there that the venerable old man offered to his compa- 
"misfortune the magnificent fpeaacleo a good 
man drugging with adverfity. I have faid that he was 
rich ; but\t us not forget that he was not nch a he expen-e of the^nfortunate, and that he adopted all the 
SSes of his numerous family, h. branches ot ms numciuut, —."re- 
gained by that family good citizens, 'vho ferve^er 
the molt ufeful and brilliant manner. Barthelemi ielt 
that the period of his diffolution was approaching; yet 
though exhaufted by long fatigue, and bending beneath 
the weight of 80 years, his fenhbility was Hill vigorous, 
and your juft decrees made the doling fcene 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 n«,oua 
convention—I have lived long enough! In the pre 
fent pofture of affairs, the country demands all yom at- 
tention. I lhall therefore confine myfelf tc> reftu^1 

the favour due to the manes of the illuftnous Barthele- 
One of his nephews, I do not mean your refpec- . -n n Pnnrcev. has rm. vJne oi ms nepucwo, x ^ . y - 

table ambaffador at Bafle, but the citizen Courcey, has, 
for 25 years, difcharged all the duties of a fon to his 
uncle! and for a long time has performed the fundion 
of keeper of the medals and antiquities of the national 
cabinet! I move, that the citizen Courcey be appom - 
ed to that office, which he has already proved himfelf 

10 Whatever became of this motion, which was referred 
to the committee of public inftruftion the cruelty of 
the government purfued the family ; and the late baniffi- 
ment of his other nephew by the dire&ory, of whic 1 ie 
was a member, furpaffes, if poffibk, the mjuftice of 
Robefnierre to the uncle. But their crimes were the 
fame ^both Barthelemis were men of mild difpofttions 
anBARYTES, 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. . „ , j 

BAT, an animal which has been defcnbed under its 
generic name Vespi rtillio in the £ncyc/. but iince 
that article was written, we have met with an account 
of a new fpecies, fo very Angular, that, if the veraci y 
of our author can be depended on, it is well mtitled 
to a place here. This fpecies was difcovered in the 
country of the Nimiquas, in the interior of Africa, by 
M. Vaillant, during the courfe of Ins jecond travds, 
and is by him called the oreillar bat. lo this title it 
has indeed a very good claim ; for it has, he fays, lour 
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ears, or at leaft the external part of four «r8, each 
ear being double; the 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 alio a membrane Hands ered, one 
inch four lines in height, which might be taken for an- 
other ear, as it has exa&ly the ffiape of one. This 
membrane, as well as the ears and wings of the animal, 
are of a nifty red, paler below than above. < The body 
is only three inches long, and is covered with very hne 
greyiffi hair. Its width, from the tip of one wing to 
that of the other, is eight inches. The reader will par- 
don me, fays our author, for inferting thefe trifling de- 
tails of meafurement, of which I am not more fond than 
himfelf; but they appeared to me neceffary here, to 
convey an accufate 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, 
ftnee they are only four lines, or the third part of an 
inch, ffiorter than the body itfelf. 

BATAVIA, the capital of the Dutch fettlements 
in the Eaft Indies. Eas 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 themfelves to Sir George Staun- 
ton in March 1793, will probably prove acceptable to 
many of our readers. r , ra 

The city of Batavia, including the fuburbs, conliits 
of near eight thoufand houfes, inhabited by Pu^c » 
Chinefe, and natives of Java. The houfes of the Chi- 
nefe are low, and crammed with people. Tne Dutch 
houfes are well built, clean, and fpacious, and their con- 
ftruaion for the moft part well fuited to the climate. 
The doors and windows are wide and lotty. ihe 
ground floors are covered with flags of marble, whic 1 
being fprinkled frequently with water, give a pleaiant 
coolnefs to the apartment; but a conhderable propor- 
tion of thofe was untenanted, which denoted a declining 
fettlement. Among other circumftances which announ- 
ced the fame, were thofe of the Company s veffels lying 
ufelefs in the road, for want of cargoes to fill, or men 
to navigate them; no (hips of war to proteft their com- 
merce, even againft pirates who attacked their veffels 
fometimes in the fight of Batavia road ; an invaiion 
threatened from the Ifle of France ; the place in no con- 
dition of defence, particularly againft an enemy leis at- 
feded by the climate than Europeans ; fometimes as 
many of the troops in bofpitals as fit for duty ; com- 
miffioners expeded frorn 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. 

The fortifications of Batavia, though a place ot io 
much importance, were not, when Sir George faw 
them, fuch as would be deemed formidable in Europe ; 
but when the difficulties were confidered of forcing 
the paffage of the river, or of landing troops on otner 
parts of the ifland, it might perhaps be thought ot 
greater ftrength than it would at the firft view have 
credit for. The defences of the river were the water 
fort, fituated at its entrance, having mounted or dii- 
mounted fourteen guns and two howitzers. It con- 
fifted of a parapet, originally well conftruded, retaul£ 
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Batavia, by a wall; but the parapet was much negkaed, and 
■—v ' the wall nearly deftroyed by the conftant working ot 

the fea. This fort was prote&ed on the land fide by 
a noxious fwamp* and towaids the fea, on the north- 
weft, by extenfive flats, 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 fhore, about a quarter 
of a mile from the water fort. It is a battery mount- 
ing feven guns, bearing down the river. Oppofite to 
this was a battery of fix guns, facing the river, and two 
to the eaftward. 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 interfeft 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 tw^o, 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 reftangular, 
three quarters of a mile long, and half a mile broad, 
inclofed by a wall of about 20 feet in height. Small pro- 
jeftions were conftru&ed, of various forms, at intervals of 
about syofeet. Thefegenerallymountedthree guns each. 
It was alfo furrounded by a canal, having feveral fluices. 
At fliort diftances from the town, three or four fmall 
ftar 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 impoflible, 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 
yco. There were alfo 300 volunteers of the town, who 
were formed into two companies, but they were not 
difciplined. Their regulars were very numerous, con- 
fifting 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 paflage 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 tew 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 Batavia, 
of the adjoining iflands, compofed of that material; and v' r" 
has the advantage of a fortification of brick, in which 
cannon ball is apt to bury itfelf without fpreading fplin- 
ters or fliattering the wall. A part of the town wall is 
built of lava, which is of 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 fmoking. 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 junh, 
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 protedlion 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 ffiort 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 refpe£t 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 furprife 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 feldom 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 thole 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 refidence, 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 fea 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 unheakhinefs of Bata- 
I 2 via 
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via is indeed fuch as to deter even Dutchmen, who can 
reiide 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 neceffarily entruft- 
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. 1 he Uni- 
ted Provinces furniffi 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 faft 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 thofe 
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 Chineie as well as of Dutch to ]3ata- 
via. 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 Chinefc 
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 ftria 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 
acquifttion makes no change in their difpofitioa or 
mode of life. Their induftry is not diminifhed, 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 
difppfal. 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 {peculate in trade with vaft advantage. The drud- 
gery and detail of bufmefs 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 refift a propenfity to indolence and voluptu- 
oufnefs, though often attended with the facrifice of 
health, if not of life. Convivial pleafilres, among others, 
are frequently carried to excefs. 

In feveral houfes of note throughout the fettlement, 
the table is fpread in the morning at an early hour : 
befide tea, coffee, and chocolate, fifli and fleflr are ferved 
for breakfaft ; which is no fooner over than Madeira, 

claret, gin, Dutch fmall beer, and Engliflr 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 at- 
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 prediledfion 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 Haves go round with Madeira 
wine, of which each of the company takes a bumper as 
a tonic or whetter 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 holts, to 
receive the water after being ufed ; and the third with 
towels for wiping the hands. During dinner a band of 
mulic plays at a little diltance : the muficians are all 
Haves, and pains are taken to inftruct them. Aconfi- 
derable number of female Haves attend at table, which 
is covered with a great variety of diffies ; but little is 
received, except liquors, into ftomachs 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 alter 
drinking coftee, to a bed, which confifts of a mattrafs, 
bolfter, pillow, and chintz counterpane, but no Iheets ; 
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 Have 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 
choofing 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, charatfer, 
and mode of life, approach more to thofe ot the native 
inhabitants of Java. A pale languor overfpreads the 
countenance, and not the leaft tint of rofe isieen in any 
cheek. While in their own houfes they drefs like their 
Haves, with a long red checkered cotton gown defeend- 
ing to the ankles, with large wide Heeves. They wear 
no head-drefs, but plait their hair, and fallen it with a 
filver bodkin on the top of the head, like the country 
girls in feveral cantons of Switzerland. The colour of 
their hair is almoft 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 vifxts, 
or to take an airing in their carriages, and particularly 
when they go to their evening parties, they drefs mag- 
nificently, in gold and filver fpangled 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 ftandard of falhion ; and confequently formed a 
ftriking contrail with fuch few ladies as were lately ar- 
rived from Holland, who had powdered hair and fair 
complexions, had contradled their waills with bays. 

Batavia, 
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Batavia, wore large head-drefles ana noops, anu petieveied in the 

^ early care of forcing baclc tbe elbows^ cfnn, and ifioul- 
ders. Every native lady is conftantly attended by a fe- 
male Have handfomely habited, who, as loon as her mi- 
Itrefs 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 arecanut, 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 tafte, 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 dreffes, 
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 ftrikmg 
awe into vulgar minds, by the affumption of exterior 
and exclulive diflin&ions. They alone, for inftance, 
appear abroad in crimfon velvet. Their carriages are 
diftinguifhed by peculiar ornaments. When met by 
others, the latter muff 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 vaft fuperiority in number of the 
defeendants 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 claffes, 
though healthy, aftive, 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 effett 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 ifland wu'th 
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 effective power almoft 
entirely belong to Holland. Thofe other fovereigns 
are defeended 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- 

1 rous female guard about his perfon. Thefe military la- 
dies are trained, it feems, to arms, without neglefting 
thofe accomplilhments 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 fingular inftitution may owe 
its origin to the facility of obtaining recruits, if it be 

true, as the fame accounts pretend, that the number of Bp.tav'a. 
female births exceeds very confiderably that of males in —y-"—~ 
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 condmil 
of their owners towards them calculated to aggravate 
the misfortune of being the property of others. They 
are not lorced to exceffive labour. They have fufficient 
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 occsfions, and to 
wreak their vengeance by affaffination. The apprehen- 
fion of fuch an event is among the motives for prefer- 
ring at Batavia female flaves for every ufe to which they 
can be applied ; fo 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 w'ell as defperate, 
not only flab the objedls of their hate, but fally forth 
to attack in like manner every perfon they meet, till 
felf-prefervation renders it neceffary to deltroy them. 
They are faid in that ftate to be running a muck; and 
inftances of ic are not more common among flaves than 
among free natives of the country, who, in the anguifh 
for loiing their money, eftetfts, and fometimes their fa- 
milies, at gaming, to which they are violently addi&ed, 
or under the preffure of fome other paffion or misfor- 
tune, have recourfe to the fame remedy, with the fame 
fatal effefts. 

In the country round Batavia the eye looks in vain 
for the common animals and vegetables which it bad 
been daily accuftomed to meet in Europe. The moil 
familiar bird about the houfe of the ambaffador’s hoft 
was the crown bird, as it was called at Batavia, which 
was not, however, the ardea pavonina ol Linnaeus, but 
the columba criftata, 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 pofleffion, and having the ap- 
pearance of tamenefs, lometimes betrayed the fiercenefs 
of their nature, attacking with their ftrong bill thofe 
who approached too near them. The vegetation of 
the country is likevvife new. Even the parterres in the 
gardens are bordered, inflead of boxwood, by the Ara- 
bian jeffamine, of which the fragrant flowers adorn the 
pxigodas 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 houfes a little way 
from the city of Batavia; b,ut ftiil within that fenny 
dirtrift, 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- 
fpeft to pleafe, could health be preferved in it—that a 
youth coming juft from fea, and enraptured with the 
beauty of every objeft he faw around him, but mindful 
of the danger there to life, could not help exclaiming, 
“whatan excellent habitation itwouldbe for immortals!” 

The moft tolerable feafon here is from March or A- 
pril; 
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pril to November ; when the rains begin, and lafl the fpedting it ; and the refult of them was, that no fueli Batav.a, 
reft of the year. The fea breeze fets in about ten tree is known at Batavia, and certainly does not exift ^er- 
o’clock in the morning, and continues till four or five where Foerfch has planted it. It is indeed a common 'r~mm 

in the afternoon. It becomes then calm till feven or opinion at Batavia, that there exifts in that country a 
eight, when the land breeze commences, and continues vegetable poifon, which, rubbed on the daggers of the 
at intervals till day-break, followed by a calm for the Javanefe, renders the Highteft wounds incurable; though 
remaining hours of the 24. Fahrenheit’s thermometer fome European pra&itioners have of late afferted that 
was, in Batavia road, during the Lion’s remaining there, they had cured perfons ftabbed by thofe weapons, but 
from 86° to 88°, and in the town from 88° to 92° ; but not without having taken the precaution of keeping the 
its variations by no means correfponded to the fenfa- wound long open, and procuring a fuppuration.. One 
tions produced by the heat on the human frame ; the of the keepers of the medical garden at Batavia affured 
latter being tempered by any motion of the air, which Dr Gillan, that a tree dillilling a poifonous juice was in 
circurnftance has little effedt upon the thermometer, that colledtion, but that its qualities were kept fecret 
Nor are the animal fufterings here from heat to be mea- from molt people in the fettlement, left the knowledge 
fured by its intenfenefs at any given moment of the of them fhould find its way to the Haves, who might be 
day, but by its perlifting through the night ; when, in- tempted to make an ill ufe of it. In the fame medical 
Head of diminilhing, as it does in colder countries, fome- garden, containing it feems hurtful as well as grateful 
times 20 degrees, it keeps generally here within four or fubftances, is found alfo the plant from whence is made 
five of what it attains in the fhade, when the fun is at the celebrated gout remedy, or moxa of Japan, men- 
its higheft elevation. tioned in the works of Sir William Temple, and de- 

The native Javanefe derive, however, one advantage fcribed in the Encyclopaedia under the titles of Arte- 
at leaft from an atmofphere not fubjedt to the vicilft- misia and Moxa. 
tudes of temperature experienced in the northern parts The whole country abounds with efculent fruits, and, 
of Europe, where difcafes of the teeth are chiefly pre- amonft others, with the mangofteen, which is ripe in 
valent; as they are here entirely exempt from fuch com- March, and is confidered as the moft delicious of all 
plaints. Their habit of living chiefly on vegetable food, fruits (fee Garcinia, Encycl.) Pine apples are in Ja- 
and of abftaining from fermented liquors, no doubt va planted not in gardens, but in large fields ; and arc 
contributes to this exemption ; yret fuch is the caprice carried like turneps in heaps upon carts to market, and 
of tafte, that jet black is the favourite colour and ftan- fold for confiderably lefs than a penny each, where mo- 
dard of beauty for the teeth amongft them, comparing ney is cheaper than in England. It was a common 
to monkeys thofe who keep them of the natural colour, practice to clean fwords, or other inftruments of fteel 
They accordingly take care to paint, of the deepeft or iron, by running them through pine apples, as con- 
black, all their teeth, except the two middle ones, which taining the ftrongeft and cheapeft acid for diffolving the 
they cover with gold leaf. Whenever the paint or gild- ruft that covered them. Sugar fold for about five-pence 
ing is worn off, they are as attentive to replace it on the a pound. All forts of provifions were cheap, and the 
proper teeth, as the belles of Europe are to purify and fhips crews fed on frelh meat every day. 
whiten tlyeirs. The ferpents and noxious reptiles in Java have been 

We have mentioned the rich vegetation of the conn- mentioned elfewhere ; but Sir George Staunton affures 
try and the gardens which the Dutch have planted. In us, that not many accidents happen from them. Among 
thefe gardens or orchards they cultivate the nutmeg, the pagan Javanefe, the crocodile, he fays, is an objedt 
the clove, the camphor, and the cinnamon trees, toge- not only of fear, but alfo of religious veneration, to 
ther with the pepper plant, which, creeping like a vine, which offerings are made as to a deity. When a Java- 
is fupported on a living tree. It is a fpecies of the nefe feels himfelf difeafed, he will fometimes build a 
pepper plant that affords the leaf called betel, chewed fo kind of coop, and fill it with fuch eatables as he thinks 
univerfally by the fouthern Afiatics, and ferving for the moft agreeable to the crocodiles. He places the coop 
inclofure of a few flices or bits of the areca, from thence upon the bank of the river or canal, in the perfect con- 
erroneouily called the betel nut. The areca nut tree is fidence that, by the means of fuch offerings, he will get 
among the fmalleft of the tribe of palms, but comes rid of his complaints ; and perfuaded, that if any per- 
next in beauty to the mountain cabbage tree of the Weft fon could prove fo wicked as to take away thofe viands, 
Indies, the latter differing chiefly in its fize and amazing fuch perfon would draw upon himfelf the malady for 
height from the areca nut tree, the diameter of whole the cure of which the offering was made. According 
jointed trunk feldom exceeds four inches, or height 12 to Sir George Staunton, Batavia road lies in 6'J 10' fouth 
feet. But the fymmetry of each is perfect ; the columns lat. and 106° 51' eaft long, from Greenwich, 
of a temple cannot be more regular than the trunk, BEER is a liquor fo palatable to the natives of Bri- 
which rifes without a branch, while the broad and tain, and, when properly made, fo wholefome, efpecially 
fpreading leaves which crown the top form the orna- in long voyages at fea, that Mr Thornton of Eaft 
mented capital. The areca nut, when dried, has fome Smithfield obtained a patent, dated April 15. 1778, 
fimilitude in form and tafte to the common nutmeg, but for inventing a method of reducing malt and hops to an 
is of a lefs fize. effence or extradt, from which beer may be made any- 

It would have been very extraordinary, and very cul- where, either at fea or in diftant countries. Though 
pable, in Sir George Staunton, and Dr Gillan phyfician we do not perceive any great degree of ingenuity dif- 
to the embaffy, if they had not, when on the fpot, in- played in this invention, yet as the account of it is 
quired into the truth of Foerfch’s account of the upas fhort, we {hall lay it before our readers, 
or poifon tree of Java (fee Poison Tree of Java, En- His method then of preparing an effence or extradt 
cycl.) But the moft minute inquiries were made re- of malt and hops is, by the tranfmitted heat of com- 

preffed 
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Beetle, prefled vapour of boiling water, and a proper apparatus 
 for that purpofe. This apparatus may be made of iron, 

tin, or copper : it coniifts 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 veflel forms the upper 
part of the under veflel, and contains the liquor to be 
evaporated. The under veflel is everywhere inclofed 
except at an aperture communicating with the boiler, 
and at another aperture communicating with the con- 
ducting tubes ; and is conftru&ed 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 aft 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 veflel; and the aperture communicating 
with the conducing tubes is of a proper flze to allow 
of the vapour in the under veflel being comprefled, to 
a degree capable of tranfmitting to the liquor to be 
evaporated a proper heat, and at the fame time to ferve 
as a pafiage for more heat than is neceflary to keep up 
that degree of compreflion. The conducting tubes are 
to convey this fuperfluous heat or vapour, to be ufed 
for farther purpofes, or immediately out of the build- 
ing. 

BEETLE, an infedt defcribed in the Encyclopaedia 
under the name given to it by naturalifts, Scarab^eus. 
Since that aticle was publiflied, 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 infedf (fays he) 
with attention, I felt my face fuddenly wetted by a cauf- 
tic liquor, of a very ftrong alkaline fmell. The iprink- 
ling wa-s accompanied by a fort of explofion, loud enough 
to be heard at fome diltance. Unfortunately fome of 
the liquor entered one of my eyes, and occafloned 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 
fkin changed to a deep brown, which wore out only by 
degrees and a long time after. This will not be furpri- 
Ang to many, who already are acquainted with the fame 
property in feveral infe&s 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 infeCt of which X. am here fpeaking is much lar- 
ger, and inhabits a very hot country, it is natural that 
the effedf produced by it fliould be more ftriking ; tho’ 
the liquor which our golden bupreftis eje&s at its enemy 
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oecaAons a very fenfible fmart, and its fmell is conflder- Begah 
ably pungent._ . . , . . , . Behem. 

The naturalifts Dorci and Olivier have given, m their 
Entomology, the Agure of this African infeft, which 
our author communicated to them, but they have given 
it erroneoufly. The human face, obfervable on its an- 
terior corcelet in their Agure, does not exift in nature ; 
but M. Vaillant having given no Agure of it himfell, 
we cannot gratify our readers with a correft reprefen- 
tation. 

BEG AH, a land meafure in Bengal, about one-third 
of an Englifli 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 moil 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 extimft, he had the bed education which 
the darknefs of that age would permit him to have ; 
and the ftudies to which from his infancy he was molt 
addi&ed, 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 14 59 Pa^ a v^',!: 

to Ifabella, 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 deAgns, he pro- 
cured a veflel, in which, tailing weftward, he was the Arit 
European wdio is known to have landed on the ifland of 
Fayal. He there eftablifhed in 1460 a colony of Fle- 
mings, whofe defcendants 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 i-ecords of Nuremberg; from the Latin of 
which the following is tranflated : “Martin Behem ten- 
dered his fervices to the daughter of John king of Lu- 
fitania, w'ho reigned after the death of Philip of Bur- 
gundy, fur named the Good; and from her procured a 
fliip, by means of which, having failed beyond all the 
then known limits of the Weftern Ocean, he was the 
ftrft who in the memory of man difcovered the ifland ot 
Fayal, abounding with beech trees, which the people of 
Lufttania call/hye; 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 Lufltanians 
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 Flemifti on them, when they began 
to be called Flemifh Iflands (a).” 

After 

(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, andfent from Nuremberg, a few years ago, to M. Otto, who was 
then inveftigating the difcovey 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 au 
ifland which he difcovered, and called the ifland of Fayal, one of the Azores, lying in the Weftern Ocean,. 
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'Beherrt. After having obtained from the regent a grant of 

L— J 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-weil. This prince gave him fome (hips, with 
which he difcovered that part of America which is now 
called Brazil ; and he even failed to the Straits of Ma- 
gellan, or to the country of fome favage tribes whom 
he called Patagonians, from the extremities of their bo- 
dies being covered with a fldn 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 fafficient 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 himfelf, 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 difcovered the itrait 
which bears the name of Magellan before either Chrif- 
topher Columbus or Magellan failed thofe feas; whence 
he mathematically delineated, on a geographical chart, 
for the king of Lufitania, the iituation 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 pafiage 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 adtual experiments and long failing, had made 
himfelf perfeftly mailer with regard to the longitudes 
and latitudes of Ptolemy in the well. Thefe two, by 
the bounty of Heaven, coafting along the Southern 
Ocean, and having eroded the equator, got into the 
other hemifphere, where, facing to the eailward, their 
fhadows 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 finifhed 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 : “ Prim a; navigationes, See. The firtl Chriftian 
voyages to the newly difcovered 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 afiillance of Martin Behem, 
a very fkilful navigator; fo that in a fhort time the name 
of Lufitania became famous over the whole world.” 
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Cellarius, one of the moll learned men of his age, fays Behew. 
exprefsly, “ Bebaimeus non mode, &c. Boehm did not —v"— 
think it enough'to furvey the ifland of Fayal, which he 
firft difcovered, or the other adjacent iflands which the 
Lufitanians call Azores, and we, after the example of 
Boehm’s companions, call Flemijh iflands, but advanced 
ftill farther and farther fouth, until he arrived at the re- 
moteft ftrait, through which Ferdinand Magellan, fol- 
lowing his track, afterwards failed, and called it after 
his own name.” 

All thefe quotations, which cannot be thought te- 
dious, iince they ferve to prove a fa£l almoft unknown, 
feem to demondrate, that the firll 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 publiftied 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 Geograpbia Reformata, book iii. p. 90. 
he fays, “ Chriftopher.Columbus never thought of an 
expedition to the Weft Indies until his arrival in the 
iflaud 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- 
minicaP 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 beftowed 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 moft puiffant Lord John II. king of 
Portugal, Algarve, Africa, and Guinea ; and his chief 
fquire was the king himfelf, who put the fword in his 
belt ; and the Duke of Begia was 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 prefence 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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could not be meant as a recompence for the d'fcovery of 
■^the Azores, which was made twenty years before, but 

as a reward for the difcovery of Congo, from whence 
the Chevalier Behem had brought gold and different 
kinds of precious wares. This difcovery made much 
greater impreflion than that of a weftern world made 
at the fame time, but which neither increafed the wealth 
of the royal treafury, nor fatislied 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 his family. He there made a 
terreftrial globe, which is looked on as a mafterpiece for 
that time, and which is ftill preferved in the library of 
that city. The outline of his difcoveries may there be 
feen, under the name of weftern lands; and from their 
iituation it cannot be doubted that they are the prefent 
coalls 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 Lilbon 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 Euglilh- 
man, who, about the middle of the 14th century, pub- 
lifiied an account of a journey of 33 years in Africa and 
Afia. He has alfo added the important difcoveries made 
by himfelf 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 difcovered 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 prefumption, fince 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 
Mfiller, or Regiomontanus ; that he had difcovered, 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 difcoveries ; 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 ifland ; 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 iflartd the firft 
land wFich he difcovered, it was a miftake furely not fo 
grofs as to furnifti grounds for queftkming his 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 objection to the truth of Behem’s claim to the dif- Behem. 
covery of America ; for if it was really difcovered by —v— 
him, wny did not he leave behind him fome writing to 
confirm the difcovery to himfelf ? and why did not the 
court of Portugal, fo jealous of the difcovery of the 
new world, proteft againft the exclulive claim of the 
Spaniards ? 

To thefe objections we may reply, that, however 
plaufible they may at firft appear, ‘they do not in the 
fmalleft degree invalidate the pofitive evidence which 
we have urged for the Chevalier Behem’s being the real 
difcoverer of the new world ; for it would furely be 
very abfuio to oppofe the difficulty cf afftgning motives for 
certain adfions performed at a remote period, to the rea- 
lity of other adions for which we have the tellimony of 
a cloud of contemporary w’itneffes. Suppofing it were 
true, therefore, that Behem had left behind him no wri- 
ting claiming to himfelf the difcovery of any part of 
the continent of America, the only inference which 
could be drawn from his filence would be, either that he 
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. But it is not true that he has 
left behind him no claim of this difcovery to himfelf. 
The letters to which we have appealed, and which are 
preferved in the archives of Nuremberg, together with 
the globe and map, which he certainly made, furnifti as 
complete a confirmation of his claim as could have been 
furmftied by the moft elegant account of his voyages. 

For the filence ot the Portuguefe, many reafons 
might be afiigned. The difcoveries of Columbus were 
made fo much farther north than thofeof Behem, that, 
m an age when geographical knowledge was fo very li- 
mited, both Spaniards and Portuguefe might very na- 
turally believe that the country difcovered by the for- 
mer of thefe navigators had no connexion with that 
difcovered by the latter. At any rate, the Portuguefe, 
whofe. difcoveries proceeded from avarice, were fatisfied 
with fcrapmg together gold wherever they could find 
it; and finding it in Africa, they thought not of fearch- 
ing for it in a more diftant region, till the fuccefs of the 
Spaniards ftiewed them their miftake. 

One thing more is worthy of attention. The long 
ftay of Columbus at Madeira makes his interview with 
Behem more than probable. It is impofiible that he 
ftiould have neglefted feeing a man fo interefting, and 
■who could give him every kind of information for the 
execution ot the plan which he had formed. The ma- 
riners who accompanied the Chevalier Behem might 
alfo have fpread reports at Madeira and the Azores 
concerning the difcovery of which they had been wit- 
neiies. What ought to confirm us in this is, that Ma- 
nana fays himfelf (book xxvi. chap, iii.), that a certain 
veffel 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 refpefting the weftern fliores ; but they fpeak in 
a very vague manner. The expedition of the Chevalier 
Behem explains the myftery (B). 

K BEREANS, 
(b) For the greater part of this memoir we are indebted to M. Otto’s paper on the difcovery of America, 

publilhed 



Bereans. 

Doctrines 

B E ' R 
BEREANS, in ancient church hiftory 

tants of Berea. Thvy 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 hillory, a fed of Pro- 
teftant diffenters 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 Chrd- 
tians, both Proteftants and Catholics, refpeding the 
dodrine of the Trinity, which they hold as a fundamen- 
tal article of the Chriftian faith ; and they alfo agree m 
a great meafure with the prbfejfed principles of both our 
eftablilhed churches refpeding predeftination and elec- 
tion, though they allege that thefe dodrines are not con- 
fidently taught in either church. But they dider from 
the majority of all feds of Chridians in various other 
important particulars. Such as, 

1. Refpeding our knowledge of the Deity. Upon 
this fubjed, they fay that the majority of profeffed 
Chridians durable at the very threlhold of revelation ; 
and, by admitting the dodrine 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 Chridianity at once to the infidels ; who 
may judly 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 exidence. 

2. With regard to faith in Chrid, and affurance of 
falvation through his merits, they differ from almod all 
other feds whatfoever. Thefe they reckon infeparable, 
or rather the fame ; becaufe, they argue, God hath ex- 
prefsly declared, “ He that believeth fhall be faved ; ’ 
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 
falvation.” With regard to the various didindions and 
definitions that have been given of different kinds of 
faith, they argue, that “ there is nothing incomprehen- 
fible or obfcure in the meaning of this word as ufed in 
Scripture ; but that as faith, when applied to human 
tedimony, fignifies neither more npr lefs than the mere 
limple belief of that tedimony as true, upon the autho- 
rity of the tedifier : fo, when applied to the tedimony 
of God, it fignifies precifely the belief of his tedimony, 
and reding upon his veracity alone, without any kind 
of collateral fupport from concurrence of any other evi- 
dence or tedimony whatever.” And they infid, that 
as this faith is the gift of God alone, fo the perfon to 
whom it is given is as confcious of poffeffing it, as the 
being to whom God gives life is of being alive ; and 
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the inhabi- therefore he entertains no doubts either of his faith, or Bereans. 

his confequent falvation through the merits of Chrid, ' 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 infid, “ 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 againd the Holy Ghod, which 
has alarmed and puzzled fo many in all ages, is nothing 
elfe but unbelief; and that the expreffion, that “ it fhall 
not be forgiven, neither in this world nor that which is 
to come,” means only, that a perfon dying in infidelity 
woufd not be forgiven, neither under^the former difpen- 
fation by Mofes (the then prefent difpenfation, kingdom, 
or government of God), nor under the Gofpel difpen- 
fation, which, in refpedb of the Mofaic, was a kind of 
future world or kingdom to come. 

4. The Bereans interpret a great part of the Old 
Tedament prophecies, and in particular the whole of 
the Pfalms, excepting fuch as are merely hidorical or 
laudatory, to be typical or prophetical of Jefus Chrid, 
his fufferings, atonement, mediation, and kingdom: and 
they edeem it a grofs perverfion of thefe Pfalms and 
prophecies to apply them to the experiences of private 
Chridians. In proof of this, they not only urge the 
words of the apodle, that “ no prophecy is of any pri- 
vate interpretation,” but they infid that the whole of 
the quotations from the ancient prophecies in the New 
Tedament, and particularly thofe from the. Pfalms, are 
exprefsly applied to Chrid. In this opinion many other 
claffes of Protedants agree with them. 

5. Of the abfolute all-fuperintending foyereignty of 
the Almighty, the Bereans entertain the highed 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 eleftion (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- 
culars refpefting the Berean do&rines, we mud refer 
the reader to the works of Meffrs Barclay, Nicol, 
Brookdiank, &c. . . , 

The Bereans fird affembled as a feparate fociety of Origin* 
Chridians in the city of Edinburgh in autumn 1773, 
and foon after in the parilh of Fettercairn. The oppo- 
nents of the Berean doarines allege, that this new 
fydem 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 refpeaable 
clergyman of the edablilhed church has even hinted 
fomething to this purpofe in Sir John Sinclair s Statif- 
tical Account, Vol. IX. p. 599. But the Bereans, in 
anfwer to this charge, appeal not only to Mr Barclay’s 

doarine. 

publifhed fird in the fecond volume of the American Tranfaaions, and afterwards by Nicholfon in N° IL and 
III. of his Journal. 
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Bereans do£lnne, 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 likevvife to two different treatifes, containing the 
fame do&rines, publilhed by him about ten or twelve 
years before that period. They admit, indeed, that, 
previous to May 1773, when the general affembly, by 
fuftaining the king’s prefentation in favour of Mr Foote, 
excluded Mr Barclay from fucceeding to the church of 
Fettercairn (notwithftanding the almoft unanimous de- 
fire of the pariffiioners), the Bereans had not left the 
eftablilhed church, or attempted to eredl themfelves in- 
to a diftimft fociety ; 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 fcattered 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 fentiments which now 
diftinguifh the Bereans, that was the firft and principal, 
if not the only, caufe of the oppofition fet on foot 
againft his fettlement in Fettercairn. 

PraiStice. Having thus given a concife view of the origin and 
diftinguifhing dodlrines of Bereanifm, it only remains to 
mention a few particulars relative to the practice of the 
Bereans as a Chriftian fociety. Infant baptifm they 
confider as a divine ordinance inftituted in the room of 
circumcifion ; and they think it abfurd to fuppofe that 
infants, who all agree are admifilble 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 fometimes celebrate it oftener, and 
fometimes at more diftant periods, as may fuit their ge- 
neral convenience. In obferving this ordinance, they 
follow the primitive apoftolic plan, without any previous 
days of faffing or preparation ; as they apprehend that 
fuch human inftitutions only teild to make an idol of 
the ordinance, and to lead people to entertain erroneous 
ideas of its fuperior folemnity and importance. Equal 
and univerfal holinefs in all manner of converfation, they 
recommend at all times, as well as at the ta})le 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 admiffion and exclufion of 
members, their method is very fimple. When any perfon, 
after hearing the Berean doctrines, profeffes his belief 
and affurance of the truths of the Golpel, 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 fuch an one fhould after- 
wards draw back from his good profeflion or praftice, 
they firft admonifh him ; and if that has no effedf, they 
leave him to himfelf. They do not think that they 
have any power to deliver up a backfliding brother to 
iiatan. That text and other fimilar paffages, fuch as, 
“ Whatfoever ye {hall bind on earth {hall be bound in 
heaven,” &c. they confider as reftri&ed to the apoftles 
and to the infpired teftimony alone, and not to be ex- 
tended to any church on earth, or any number of 
churches or of Chriftians, whether deciding by a majo- 
rity of votes or by unanimous voices. Neither do they 
think themfelves authorifed, as a Chriftian church, to 
enquire into each others political opinions, any more 

than to examine into each others notions of philofophy. Berean*, 
They both recommend and praiftife, as Chriftian duties, rken- 
fubmiflion to lawful authority ; but they do not think ^uul:^ 
that a man, by becoming a Chriftian, or joining their 
fociety, 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. Upon all 
fuch fubje&s they allow each other to think and aft as 
each may fed it his duty. And they require nothing 
more of their members than a uniform and fteady pro- 
fcffion of the apoftolic faith, and a fuitable walk and con- 
veriation. With regard to feet-walhing and the like 
praftices, which fome other fefts 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 occalion, to teach his 
followers that they ought at all times to be ready to 
perform even the meaneft offices of kindnefs to each 
other. 

It may not be improper to add to the above delinea-P*'6^131 

tion of the principles and praftice of the Bereans, thatlute* 
their doftrine 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 
Pennfylvania, the Carolinas, and other States in Ame- 
rica. 

The above account of the doftrines, origin, praftice, 
and prefent ftate of this fociety, has been given to us 
by the founder himfelf. 

BERKENHOUT (Dr John), was about the year 
1730 born at Leeds in Yorklhire, and educated at the 
grammar-fchool in that town. His father, who was a 
merchant, and a native of Holland, intended him for 
trade; and with that view lent 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; diftinguifhed 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 fome time; and, 
regardlefs of his original deftination, became a cadet in 
a Pruffian regiment of foot. He foon obtained an en- 
lign’s commiflion, and in the fpace of a few years was 
advanced to the rank of captain. He quitted the Pruf- 
fian fervice on the declaration of war between England 
and France in 1756, and was honoured with the com- 
mand of a company in the ferviee of his native country. 
When peace was concluded in 1760, not choofing, we 
fuppofe, to lead a life of inaftivity on half-pay, he went 
down to Edinburgh, and commenced ftudent of phyfic. 
During his refidence at that univerfity, he publiihed his 
Clavis Anglica Lingua Botanic a; a book of great uti- 
lity to all ftudents of botany. 

Having continued fome years at Edinburgh, Mr Ber- 
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univerfity or Leyrlen, where he his knowledge, has been compared to the Admirable Bernoulli 

Crichton, died on the 3d of April 1791. 
BERNOULLI^ John), a celebrated mathematician, 

kenhout went to the 
was admitted to the degree of M. D. in the year 1765. 
On this occahon he publifhed a thefis, intitled, Dijfer- 
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 Medici, the 
third edition of which was printed in 1782. In 1778 
he was lent by government with the commiffioners to 
America. Neither the commiffioners nor their fecre- 
tary were fuffered 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 affembled. He appears to have re- 
mained in that city for fome time without moleftation : 
but at laft they began to fufpe£t that he was fent by 
Lord North for the purpofe of tampering with fome of 
their leading members. The Dottor was immediately 
ieized and committed to prifon. 

Plow long he remained a ftate prifoner, or by what 
means he obtained his liberty, we are not informed ; 
but wre find from the public prints, that he rejoined the 
commiffioners at New York, and returned with them to 
England. For this temporary facrifice of the emolu- 
ments of his profeffion, 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 
had publifhed his Outlines of the Natural Hijlory of Great 
Britain and Ireland, in three volumes i2mo ; a work 
which eftablifhed his reputation as a naturalifi. In the 
year 1773 he wrote a pamphlet, intitled, Bn Effay on 
the Bile of a Mad Dog, in which the Claim to Infallibi- 
lity of the Principal Prefervative Remedies againjl the 
Hydrophobia is examined. This pamphlet is infcribed 
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 he publifhed a 
work, intitled, Firjl Lines of the Theory and Praaice of 
Philofophical Chemijlry, which he dedicated to Mr Eden, 
now Lord Auckland, who had been one of the com- 
miffioners whom he accompanied to America. 

Thefe, we believe, are the Do&or’s principal publi- 
cations in the line of his profeffion ; but he wrote on 
many other fubjefts with equal ability. His tranflation 
of Count Teffm's Letters, which was his firfl 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 moll other 
men who have written on the fubjeft. His biographi- 
cal powers appear in his Biographia Literaria; and in 
all his works are fufficient proofs of his claffical learn- 
ing, and that the Italian, French, German, and Dutch 
languages, were familiar to him. He pofieffed likewife 
a very confiderable degree of mathematical fcience, which 
he acquired in the courfe of his military fhidies; and to 
thofe more folid attainments he is faid to have added no 
fmall fkill in the fifte arts of painting and mufic. This 
eminent man, who, for the variety and promptitude of 

Bezout. 
was born at Bafil the 7th of Augufl 1667. His fa- 
ther 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 difcover the method ufed by Leibnitz, in his 
effays on the differential calculus, and gave the firfl prin- 
ciples of the integral calculus. Our author, with Mefi'rs 
Huygens and Leibnitz, is faid to have been the firfl 
who gave the folution 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 doltor of phyfic at 
Bafil, and two years afterward was named profeffor of 
mathematics in the univerfity of Groningen. It was 
here that he difcovered the mercurial phofphorus, or lu- 
minous barometer ; and where he refolved the problem 
propofed by his brother concerning ifoperimetricals. 

On the death of his brother James, the profeffor at 
Bafil, our author returned to his native country, againft 
the preffing invitations of the magiftrates of Utrecht to 
come to that city, and of the univerfity of Groningen, 
who wifhed to retain him. The Academic Secate of 
Bafil foon appointed him to fucceed his brother, with- 
out affembling competitors, and contrary to the efta- 
blifhed practice ; an appointment which he held during 
his whole life. 

In 1714 was publifhed his treatife on the manage- 
ment of fhips; and in 1730 h's 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), if/zryr/. 

John Bernoulli was a member of rooft of the acade- 
mies of Europe, and received as a foreign aftbciate of 
that of Paris in 1699. After a long life fpent in con- 
ftant ftudy and improvement of all the branches of the 
mathematics, he died full of honours, the ift 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, 
refpedled 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 qto. He was of undoubted 
eminence; but 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, 
fliewed him the honours attendant on talents and the 

love 
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B;zout love of the fciences. His father in vain oppofcd the 

II ftrong attachment of young Bezout to the mathemati- 
sinomial ca| fc;ences< April 8. 1758, he was named adjoint- 
i'^v 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 firll 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 thofe of the 5th degree. 
Upon this work our author laboured from 1762 till 
1779, when he publilhed 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 obje&s: thefe courfes have everywhere 
been held in great eftimation. In his office of examiner he 
difcharged the duties with great attention, care, and 
tendernefs. A trait of his juftice and zeal is remarkable 
in the following inftance: 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 refpefted 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 ftrength and conftitution; 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 {Indents, and by all his ac- 
quaintance in general. 

The books publiffied by him were : 1. Courfe of 
Mathematics for the ufe of the Marine, with a Trea- 
tife on Navigation, 6 vols in 8vo, Paris, 1764. 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, whofe 
rectification depends on a given quantity, in the volume 
for 17<;8. 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, 1766. 8. Fourth volume 
of the fame, 1767. 9. Intergration of differentials, &c. 
vol. 3. Sav. Etr. 10. Experiments on cold, 1777. 

BINOMIAL, a quantity confifting of two terms or 
members, connected by either of the figns -f- and . 
See Algebra, def. 9. Encycl. 

ImpoJJihle or Imaginary BiNQMiAly is a binomial which 
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has one of its terms an impoffible or an imaginary qnan- Binomial 
tity ; as a + v/ — £• 

Binomial Curve, is a curve whofe ordinate is ex-, “ . 
preffed by a binomial quantity, as the curve wdiofe or- 
dinate is Ka ff- d A’cje. Stirling, Method. Diff. p. 58. 

Binomial Line, or Surd, is that in which at leaft 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 + a/ 5> 
2d binomial 18 -f- 4, 
3d binomial 24 ^ 18, 
4th binomial 4 -k 4/ 3, 
5 th binomial \/ 6 2, 
6th binomial \/ 6 2. 

Binomial ‘Theorem. See Algebra, Chap. VIL 
Se6I. iii. (Encycl. Vol. I.) ; and Infinite Series, (Vol. 
XVII.) The reader who willies for a fuller account of 
this famous theorem, may find it in Dr Hutton’s Ma- 
thematical Trafls, Vol. I. 

BIRD-catching, is an art which, as it is praftifed 
by means of bird-lime, nets, decoys, &c. has been fuffi- 
ciently explained in the Encyclopaedia. But there is 
another method of catching birds alive, by means of a 

fufee or mujket, which was invented by M. Vaillant du- 
ring his travels in Africa, and is fufficiently ingenious 
to deferve a place here. It is as follows : 

Put a fmaller or larger quantity of powder into your 
fufee according as circumftances may require. Imme- 
diately above the powder place the end of a candle of 
fufficient thicknefs, ramming it well 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 only fun it by watering and moiftening 
its feathers ; and if you be alert, you may eafily lay 
hold of it before it have time to fpoil 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 a£ 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 ffiort apprenticefhip he acquired fufficient 
{kill to adjuft matters fo as that the water impelled by 
the powder went diredly to the mark, whilft the tallow 
being lighter than the water fell fhort of it. If this 
method be indeed practicable (for not being fportfmen 
w’e have not made trial of it), it may on many occafions 
aid the refearches of the ornithologift. 

BiRDS-Ncfs, in cookery. See Encycl. and Cap and 
Button in this Snppl. 

BLACK (Jofeph, M. D.), who has been ftyled the 
father of pneumatic chemiftry, and who, in that de- 
partment of fcience, had certainly no fuperior, was born 
at Bourdeaux 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; but at an early period of life he was fent to the 
Univerfity of Glafgow, and ftrongly recommended to 
Dr Cullen, wffio advifed him to ftudy phyfic, and under- 
took, with that ardour which charaderifed his mind, to 
render him every fervice in his power. 

At that period Cullen read leClures on chemiftry in 
the College of Glafgow with great and deferved ap- 
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B'.ac’c. plaufe; and Black becoming one of bis favourite pupils, 

was allowed the free ufe of his 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 doftor of pbyfic in the uni- 
verfity of Edinburgh, where he had ftudied for fome 
time ; and the choice which he made in regard to the 
fubjeft of his inaugural ditlertation gave a proof of his 
attachment to chemical purfuits. It was De humore acido 
a cibis orto et magncfia alba. The principles of the doc- 
trine which he brought forward in this thefts he after- 
wards fully explained in a paper read the next year be- 
fore a fociety in Edinburgh, and publiflied in the fe- 
cond volume of EJfays Phyjical and Literary, 175^5 con- 
taining experiments on magnefia alba, quick-lime, and 
alkaline fubftances. In this paper, by an ingenious and 
philofophical feries of refearches, he evidently proved 
the exiftence of an aerial fluid, which he cdWcA fixed air, 
the prefence of which gave mildnefs, and its abfence 
caufticity, to alkalies and calcareous earths. This noble 
difcovery certainly paved the way to all that important 
knowledge refpedting aerial bodies which has done fo 
much honour to the names of a Cavendiih, a Prieftley, 
and a Lavoifier, and which have made chemical philo- 
fophy aflame an entirely new form. 

In the year 1756, on the removal of Dr Cullen to 
Edinburgh, Dr Black became profeflbr of medicine and 
ledturer on chemiftry in the univerftty of Glafgow. Next 
year he enriched the fcience of chemiftry with the cu- 
rious dodfrine of latent heat, in which he explained, in 
what has been hitherto reckoned a clear and fatisfadlo- 
ry manner, the connection of heat with fluidity, the 
phenomena of freezing and boiling, and the manner in 
which they affedl the thermometer. Thefe difcoveries, 
the refult of great natural fagacity and experimental 
fkill, certainly laid the foundation of all thofe impor- 
tant fadts 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 railed 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 eledt- 
ed to fucceed Cullen, and for many years difcharged 
the duties of the office with univerfal approbation, being 
much admired for the care, perfpicuity, and elegance, 
with which he communicated iuftrudlion in his ledlures, 
and his neatnefs and accuracy in performing experi- 
ments. Very complete manufcript copies of his lec- 
tures were taken by many of his ftudents, 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 difcoveries, and that 
original mode of reafoning, which he fcarcely ever made 
public in any other form. His le&ures 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- 
liihed. 

After his election to the chemical chair, Dr Black 
publilhed nothing but a paper on the Effeft of Boiling ; 

upon Water, in difpoling it to freeze more readily, print- 
ed in the fixty-fifth volume of the Philofophical Tranf- 
adtions for 1774 ; and an Analyfis of the Water ot 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 conftdered as a model 
of neatnefs and accuracy in the analyfis of mineral wa- 
ters. Two of his letters on chemical fubjedts have been 
publiflied 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 helitate to make amends by his applaufe for his 
former oppofition. He never diftinguiftied himfelf as a 
pradfical 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 1799, 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 ei ght 
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 profeflbr, re- 
ftrained him not only from employing, as he might have 
done, his admirable talents in enlarging the boundaries 
of fcience, but even from aflerting his claim to difco- 
veries which were certainly his. Of thefe we hope to 
have fome account from his friend the editor of his 
le&ures. 

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 Iketches 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 pofleffion 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 
publilhed iji 1793 ; and if we thus leflen our own la- 
bour, we are confcious that we lhall 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 defcent was 
Englifh. His father was a bricklayer, and his mother 
the daughter of a confiderable dealer in cattle. Both 
were relpe&able in their characters, and pofleffed, tho* 
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Blackloclt. moving in an humble fphere, a confiderable degree of 
'—y—J 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- 
fible 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 (hewed for books. This was done by reading to 
him firft the fimple fort of publications which are com- 
monly put into the hands of children, and then feveral 
of our bed authors, fuch as Milton, Spencer, Prior, 
Pope, and Addifon. His companions, whom his early 
gentlenefs and kindnefs of difpofition, as well as their 
compaflion for his misfortune, ftrongly attached to him, 
were very affiduous 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 
Engliffi 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 publiffied 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 poffeffing 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 : 

“ Dejedling profpeA 1 foon the haplefs hour 
“ May come ; perhaps this moment it impends, 
“ 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 
“ Refpite 1 beg, and in the (hock expire.” 

He lived with his mother for about a year after his 
father’s death, and began to be diftinguiffied as a young 
man of uncommon parts and genius. Thefe were at 
that time unaffifted 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 Engliffi 
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 
foil, grows perhaps as luxuriantly in a wild one. To 
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poetry, as we have before mentioned, he was devoted Blacklocfc- 
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 
(hewn 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 (Indent 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 relided 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 Blacklock’s inte- 
refts, and was afterwards particularly ufeful to him in 
the publication of the 4to edition of his Poems, which 
came out by fubfcriptiorf in London in the year 1756. 
Previoufly to this, two editions in 8vo had been pub- 
liffied 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 mailer 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 pbilofophy 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 17 ijy, he began a courfe of ftudy, with a view to 
give ledlures 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, he abandoned 
the project j 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 prelbytery licenfed 
a preacher of the gofpel in the year 1759. As a preach- 
er he obtained high reputation, and was fond of corn- 
pofing fermons, of which he has left fome volumes in 
manufcript, as alfo a Treatife on Morals. 

The tenor of his occupations, as well as the bent or 
his mind and difpofitions, during this period of his life, 
will appear in the following plain and unltudied account, 
contained in a letter from a gentleman, wffio was then 
his molt intimate and conftant companion, the Rev. M* 

Jamefoiij., 
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Blacklock. Jamefon, formerly minifter of the Eplicopal chapel at 

' v Dumfries, afterwards of the Englifti congregation at 
Dantzic, and who lately reiided, and perhaps yet relides, 
at Newcaftle upon Tyne. 

“ Elis manner of life (fays that gentleman) was fo 
uniform, that the hiltory 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, converfing, and difputing on various topics, in 
theology, ethics, &c. employed almoll every hour of our 
time. It was pleafant to hear him engaged in a dif 
pute, for no man could keep his temper better than he 
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 periinacia, et 
refellifine iracundiaP He was, however, extremely fen- 
fible 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 didlate from thirty to forty verfes, and by no means 
bad ones, as fall as I could write them ; but the mo 
ment he 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, 
challened at the fame time with uncommon gentlenefs of 
temper, which charadlerifed Dr Blacklock, and which 
indeed it was impofiible to be at all in his company 
without perceiving. In the fcience of mind, this is 
that divifion of it which perhaps one would peculiaidy 
appropriate to poetry, at leaft 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 conllruftion 
of a whole, which are effential to 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 lall, like that deeper 
and firmer mould on which the roots of eternal forefts 
are fixed. Of the firfi we have feen many' happy in- 
ftances in that fex which is fuppofed lefs capable of 
Rudy or thought ; from the lafl is drawm that mafeu- 
line fublimity of genius which could build an Iliad or a 
Paradife Loft. 

Dr Blacklock could never diftate 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 w^armed with his fubje<ft, and wras 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 ahvays returned to it when he 
could without impropriety. This appearance he de- 
feribes in a fhort poem, in which he gives a ludicrous 
picture of himfelf; a pi&ure indeed, of which, though 
the outlines are true, the general effedt is greatly over- 
charged. Though his features were hurt by the dif- 

eafe winch deprived him of fight, there was a certain Bladl 
placid exprefiion in his countenance, which marked the •—v 
benevolence of his heart, and w7as 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 bleffing of 
his future life, and gave him, with all the tenderneb of 
a wufe, 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 parifii of Kircudbright, 
in confequence of a prefentation from the crown, ob- 
tained for him by the earl of Selkirk, a benevolent no- 
bleman, w'hom Mr Blacklock’s fituation and genius had 
interefted in his behalf. But the inhabitants of the 
parifti, whether from that violent averfion to patronage, 
which wras 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 againft a pallor 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 twm years, it w'as thought ex- 
pedient by his friends, as it had always been wiftied by 
himfelf, to compromife the matter, by refigning his 
right to the living, and accepting a moderate annuity 
in its Head. With this flender 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 ftudies in langua- 
ges and philofophy he might, if neceffary, affift. 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 Marifchal 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 mailer 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- 
terell in the happinefs of others w’hich led him fo con- 
ftantly to promote it, wrere 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 eftabliftiments 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 jell 
that rofe around him. Next to converfation, mufic w’as 
perhaps the fource of his greateft delight; for he not 
only refilled it highly, but was himfelf a tolerable per- 
former on feveral inftruments, particularly the flute. 
He generally carried in his pocket a fmall flageolet, on 
which he played his favourite tunes ; and was not dif- 
pleafed when allied 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. 
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"Bhcldock. Of the happinefs of others, however, we are incom- 

pctent judges. Companionflrip and fympathy bring forth 
thofe gay colours of mirth and cheerfulnefs which they 
put on for a while, to cover perhaps that fadnefs which 
we have no opportunity of witnelfing. 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 conftitution de- 
licate and nervous, and his mind, as is almoft always the 
cafe, was in a great degree fubjeft to the indifpofition 
of his body. He frequently complained of a lownefs 
and depreffion of fpirits, which neither the attentions of 
his friends, nor the unceafing care of a mod 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 faftidiouf- 
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 j 
“ Excurfive, on the gentle gales of fpring, 
4t He rov’d, whilfl favour imp’d his timid wing; 

Exhaufled genius now no more infpires, 
*( But mourns abortive hopes, and faded fires; 
44 The ffiort-liv’d wreath, which once his temples grac’d, 
44 Fades at the fickly breath of fqueamifh tafle ; 
44 Whilft darker days his fainting flames immure 
44 In cheerlefs gloom and winter premature.” 

Thefe lines are, however, no proof of 44 exhaufled 
genius,” or 44 faded fires.” “ Abortive hopes,” indeed, 
muft be the lot of all who, like Dr Blackleck, reach 
the period of old age. In early youth the heart of 
every one is a poet; it creates a fcene 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 but difintereft- 
ednefs in friendfhip ; it promifes eternal fidelity in love. 
Even on the diilrefles of its fituation 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, 44 the fairy vifions fade,” and he fuffers 
moft deeply who has indulged them the moil. 

About the time that thefe verfes were written, Dr 
Blacklock was, for the firft time, afflided with what to 
him mull have been peculiarly diflrefsful. He became 
occafionally fubjeCl to deafnefs, which, though he fel- 
dom felt it in any great degree, w-as fufficient, in his fi- 
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 indifpo- 
fitions of body, however, and difquietudes of mind, the 
gentlenefs of his temper never forfook him, and he felt 
all that refignation and confidence in the Supreme Be- 
ing which his earliefl and his lateft life equally acknow- 
ledged. In fummer 1791 he was feized with a feverifh 
diforder, which at firft feemed 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. 
His wife furvives him, to feel, amidft the heavy afflic- 
tion of his lofs, that melancholy confolation which is 
derived from the remembrance of his virtues. 

The writings of Dr Blacklock confifted principally 
of poems, which were publifhed in qto in the year 1792 • 
and to that edition was added, S/n EJjay on the Educa- 
tion of the Blind, tranjlated from the French of M. Many, 
But befides his avowed works, we have reafon to be- 
heve 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 furnifhed by 
him ; and we have elfewhere attributed to him, on the 
beit authority, the article Blind, and the Notes to the 
aiticle Music: but he undoubtedly contributed much 
more to the work, and was one of the principal guides 
or the proprietors. * 0 

BLAIR (Dr Hugh), was born in Edinburgh, on 
the 7th day 0f April 1718. His father, John Blair, a 
lelpectable merchant m that city, was a defendant of 
the ancient family of Blair in Airfhire, and grandfon of 
the famous Mr Robert Blair minifler of St Andrew’s 
chaplain to Charles I. and one of the moft zealous and 
diitinguiffled clergymen of the period in which he li- 
ved. This worthy man, though firmly attached to the 
caufe of freedom, and to the Prefbyterian form of 
church government, and though aftively engaged in all 
the meafures adopted for their fupport; yet, by his 
Heady, temperate condudl, commanded the refpedt even 
ol his opponents. In preference to all the other eccle- 
liaftical leaders of the covenanting party, he was felea. 
ed by the king himfelf to fill an office which, from the 
circumftances of the time, gave frequent accefs to the 
royal perfon ; 44 becaufe (faid his majefty) that man is 
pious, prudent, learned, and of a meek and moderate 
calm temper.” His talents -'eem to have defcended as 
an inheritance to his pofterity. For of the two fon< 
who furvived him, David, the eldeft, was a clergyman 
of eminence in Edinburgh, father to Mr Robert Blair 
mmifter of Athelftonford, the celebrated author of the 

in
r
Urk-d ^ and grandfather to his ma- jefty s fohcitor general for Scotland, whofe mafculine 

eloquence and profound knowledge of law have, in the 
public eftimation, placed him indifputably at the head 
ot the Scottiffi bar. From his youngeft fon Hugh, 
who engaged in bufinefs as a merchant, and had the 
honour to fill a high ftation in the magiftracy of Edis- 
burgh, fprung the learned clergyman who is the fub- 
ject ot this narrative.. 

The views of Dr Blair, from his earl,'ell youth, were 
turued toward, the church > and his education received 
a fu,table d.recT.on, After the ufual grammatical courfe 
“ fdr!lJ

hr'“'re'1 ‘i* huraMi‘y clafs in the univer. fity of Edinburgh ,n October 1730, an(j fpent eI<,vm 
years at that celebrated feminary, affiduoufly employ, 
ed m the hterary and fcientific ftudies preferibed by 
the church of Scotland to all who arc to become cal 
didates for her licence to preach the gofpel. During 
this important period, he was diflinguilhed among h,? 
companions both for diligence and proficiency j and „b! 
tamed from the profeflbrs under whom he fludied re- 
peated teftimomes of approbation. One of them de- 

k ferves 
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ferves to be mentioned particularly, becaufe. In bis own 
opinion, it determined tbe bent of bis genius towards 
polite literature. An effay xou xaxou or, On the beau- 
tiful, written by bim when a ftudent of logic m the 
courfe of academical exercifes, bad the good fortune to 
attradl tbe notice of profefTor Stevenfon, and, with cir- 
cumftances honourable to tbe author, was appointed to ■ 
be read in public at the conclulion of tbe term or fet- 
fion. This mark of diilin&ion made a deep imprelbon 
on his mind; and the effay which merited it he ever 
after recolle&ed with partial affedtion, and preferved to 
the day of his death as the firll earneft of his fame. 

At this time Dr Blair commenced a method ot itudy 
which contributed much to the accuracy and extent ot 
his knowledge, and which he continued to Pr^lfe 0*> 
cafionally even after his reputation was fully ettabliihed. 
It con fitted in making abftra&s of the moft important 
works which he 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, he conftruaed a 
very comprehenfive fcheme of chronological tables, tor 
receiving into its proper place every important faft that 
fhould occur. The fcheme devifed by this young itu- 
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 Wettmintter, in bis va- 
luable work, “ The Chronology and Hiftory of the 

WTnthe year 1739, Dr Blair took his degree of A.M. 
On that occafion he printed and defended a theiis, De 
Fundamentis et Obligatione Legis Nature, which contains 
a ttiort but mafterly difcuffion of this important fubjedt, 
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 diftmgmftied figure m the civil, 
the ecclefiaftical, and the literary hiftory of their coun- 
try With moft of them Dr Blair entered into habits 
of intimate conneftion, which no future competition or 
tealoufy 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. 

Ori the'completion of his academical courfe, he un- 
derwent the cuftomary trials before the prefbytery of 
Edinburgh, and received from that venerable body a 
licence to preach the Gofpel on the 21ft of Oftober 
174.1. His public life now commenced with very fa- 
vourable profpefts. The reputation which he brought 
from the univerfity was fully juftified by his firlt ap- 
pearances in the pulpit; and, in a few months, the fame 
of his eloquence procured for him a prefentation to the 
parifh of Coleffie in Fife, where he was ordained to the 
office of the holy miniftry on the 2 3d of September 1742. 
But he was not permitted to remain long in this rural 
retreat. A vacancy in the fecond charge of the Canon- 
gate a fuburb of Edinburgh, furnifhed 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 in com- 
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petition with him, a great majority of the ele&ors de- ^ 
cided in favour ol 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 tbe paftoral office. His difcourfes from the pul- 
pit in particular attrafted univerfal admiration. They 
were compofed with uncommon care ; and, occupying’ 
a middl? 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 of 
what had hitherto been rarely heard in Scotland, the 
polifhed, well-compadted, and regular didaftic 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 1 ith of O&ober 1754: and on the 15th day of 
June 1758, he was promoted to the High Church ot 
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 chara&ers who have then- 
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, fufficiently evince the 
wifdom of their choice. 

Hitherto his attention feems to have been devoted ai- 
moft exclufively to the attainment of profeffional excel- 
lence, and to the regular difcharge of his parochial du- 
ties. No produaion 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 conduced fora fhort time by 
fome of the ableft men in the kingdom. But Handing 
as he now did at the head of his profeffion, and releafed 
by the labour of former years from the drudgery, ct 
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 eftabliffiment of his 
own fame. With this view, he communicated to his 
friends a fcheme of le&ures on compofition ; and ha- 
ving obtained the approbation of the univerfity, he be- 
gan to read them in the college on the nthof 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 effedt to the leffons he fhould deliver. For, be- 
fides the teftimony given to his talents by his fucceffive 
promotions in the church, the univerfity of St Andrew’a, 
moved chiefly by the merit of his eloquence, had m 
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 m 
the following fummer to inftitute a rhetorical clafs, un- 
der his direftion, as a permanent part of their academi- 
cal eftabliihment : and on the 7 A of April 1762, his 
Majefty was gracioufly pkafed “ to ered and endow a 

Blair. 
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Blair. profefTorfhi'p of rhetoric and belles lettres in the univer- 
“"v 1 ■1 fity of Edinburgh ; and to appoint Dr Blair, in confi- 

deration of his approved qualifications, regius profeflbr 
thereof, with a falary of L.yo.” The leftures which he 
read as profefibr of rhetoric, he publiihed 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 fyltem 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 adled in ref- 
cuing from oblivion the poems of Offian. It was by 
the folicitation of Dr Blair and Mr John Home, that 
Mr Macpherfon was induced to publilh 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- 
lefting the materials of Fingal, and of thofe other de- 
lightful productions which bear the name of Offian. 
To thefe productions Dr Blair applied the tell of ge- 
nuine criticifm ; and foon after their publication gave 
an eltimate of their merits in a Difertation, which, for 
beauty of language, delicacy o£ talle, and actitenefs of 
critical invelligation, has few parallels. It was printed 
in 1763, 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 
ilation. It was not till the year 1777 that he could be 
induced to favour the world with a volume of the Ser- 
mons which had fo long furnilhed inllru&ion 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 lall of which was publilhed after his 
death ; and all of them experienced a degree of fuc- 
cefs of which few publications can boall. They circu- 
lated rapidly and widely wherever the Englilh tongue 
extends ; they were foon tranflated into almoll all the 
languages of Europe ; and his prefent Majelly, with 
that wife attention to the interefts of religion and lite- 
rature which diltinguiflies his reign, was gracioully 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 profeffional duty which re- 
garded the government of the church, Dr Blair was 
iteadily 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 contelts of eccleliallical politics than fome 
of his contemporaries ; and, from the fame caufes, he 
never would confent to become moderator of the Ge- 
neral Affembly of the Church of Scotland. But his 
influence among his brethren was extenfive: his opinion, 
guided by that found uprightnefs of judgment, which 
formed the predominant feature of his intelledlual cha- 
ra6ler, had been always held in high refpedl by the 
friends with whom he afted; and, for many of the laft 

years of his life, it was received by them almofi: as a Blair, 
law. The great leading principle in which they cor- ' ' 'r~ 
dially concurred with him, and which diredled all their 
meafures, was to preferve the church, on the one fide, 
from a flavilh, corruptingdependance 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 difcharge 
of his public duties, was well fullained by the great re- 
fpedlability of his private charadler. Deriving from 
family aflbciations 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 corredl and delicate tafte which 
appeared in his writings, he was eminently diftinguifhed 
through life by the prudence, purity, and dignified pro- 
priety of his condudl. 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 adlion, 
which are too often the lot of genius :—free from all 
tinilure of envy, it delighted cordially in the profperity 
and fame of his companions : fenfible to the eftiijiation 
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 affedl to conceal: inacceffible 
alike to gloomy and to peevifti impreffions, it was al- 
ways mafter of its own movements, and ready, in an 
uncommon degree, to take an aftive and pleafing in- 
tereft in every thing, whether important or trifling, that 
happened to become for the moment the objedl of his 
attention. This habit of mind, tempered with the 
moft unfufpe£ling 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 univerfally 
refpedled 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 connexion. 

In April 1748, he married his coufin Katharine 
Bannatine, daughter of the Rev. James Bannatine, one 
of the minifters of Edinburgh. By her he had a fon 
who died in infancy, and a daughter who lived to her 
twenty-firft year, the pride of her parents, and adorned 
with all the accomplifhments that became her age and 
fex. Mrs Blair herfelf, a woman of great good fenfe 
and fpirit, was alfo taken from him a few years before 
his death, after flie had lhared with the tendered affec- 
tion in all his fortunes, and contributed near half a 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 moil pain- 
ful difeafes that afflift the human frame, he enjoyed a 
general ftate of good health ; and, through habitual 
cheerfulnefs, temperance, and care, furvived the ufual 
term of human life. —For fome years he had felt him- 
felf unequal to the fatigue of inftrudlmg his very large 
congregation from the pulpit; and, under the impreffion 
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Blair, which this feeling produced, he has been heard at times 

Bleaching.^ tQ fay a figh, “ that he was left almoft the laft 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 afflidled, who, from 
different quarters of the kingdom, folicited his corre- 
fpondence. His lafl fummer was devoted to the pre- 
paration of the laft volume of his fermons; and, in the 
courfe of it, he exhibited a vigour ot underftanding and 
capacity of exertion equal to that of his beft days. He 
began the winter pleated with himfelf on account of 
the completion of this work ; and his friends were flat- 
tered with the hope that he might live to enjoy the ac- 
ceffion of emolument and fame which he expe&ed 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 vifits 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 laft moment the full poffeffion of his 
mental faculties, he expired on the morning of the 27th, 
with the compofure and hope which become a Chriftian 
paftor. 

The lamentation for his death was univerfal and deep 
through the city which he had fo long inftrudled and 
adorned. Its magiftrates, participating in the general 
grief, appointed his church to be put in mourning ; and 
his colleague in it, Dr Finlayfon, from whom this ac- 

* Blair s count of his life is borrowed*, preached his funeral 

voTv”** fermon, in which his character is drawn in a mafterly 
manner, though with the almoft unavoidable partiality 
of friendfhip. 

If we, who know Dr Blair only in his writings, 
might prefume to eftimate his intellectual character, we 
ffiould fay that he poffefied a found judgment rather 
than what could be called a vigorous mind ; that he 
had more tafte than genius ; and that he taught fuc- 
cefsfully, as far as it can be taught, the art of poetry, 
though he could not himfelf have been a poet. His 
moral character was amiable and refpeCtable, though he 
feems, even from a hint dropt by his biographer, to, 
have been in a flight degree tinCtured with vanity. 
But this was furely a venial weaknefs ; for where is the 
head that would be wholly unaffeCted 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- 

t ments we fhall proceed to give an account. 
Difcovery Mr Scheele of Sweden difcovered the oxy-muriatic 
of the oxy- acid, or dephlbgifticated muriatic acid, as he called it, 
muriatic about the year 1774, and foon after obferved its effefts 
ac^' 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 has 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 in the receiver, which is to be 
taken off. If the paper has been properly applied, the 

may be filled with the dephlogifticated 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. “ I ufe (fays he) many receivers, that I may 
not be obliged to repeat a fimilar diftillation for ever)r 
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 dephlogifticated muriatic acid was 
placed in the neck of the receiver, which I had flopped. 
The cork was turned yellow as by aquafortis. Paper 
tinged with turnfol became almoft white ; all red, blue, 
and yellow flowers, 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 reftore the colours of the 
flowers, 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 ftate of common muriatic 
acid ; that is, it had loft the oxygen with which it was a 
united. This oxygen had combined with the colour-Its applica. 
mg particles of the vegetable matter, and had rendered j1®11 ^ ? I 
them colourlefs. After making thefe obfervations, it ')‘eiU 1I,2> 

occurred to him that the oxy-muriatic acid might pro- 
duce the fame effeft upon thole particles which give 
colour to thread and cloth, and which it is the objedl of 
bleaching to deftroy. ‘\ At firft (fays he) I made ufe Ann, <3e 
of water highly impregnated with this acid ; and 1 re- Chim. II, 
newed it when it was exhaufted, until the thread or1^8* 
cloth appeared white ; but I foon perceived that they 
were confiderably 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 w-armed, or paffed through an al- m |>i 
kaline ley. I reflected upon the circumftances of com- l f’ 
mon bleaching, and I endeavoured to imitate its pro- 
cefs, becaufe I thought the oxygenated muriatic acid 
might a<ft in the fame manner as the expoiition of 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. I ex- 
amined dew, not only that which falls from the atmo- 
fphere, but alfo that which comes from the no&urnal 
tranfpiration of plants ; and 1 obferved that both of 
them were impregnated with oxygen, fufficiently to de- 
ftroy the colour of paper flightly tinged with turnfol. 

“ I therefore employed leys, and the atftion 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 pafled through four milk, 
or through fulphuric acid diluted with a very large quan- 
tity of water, I alfo tried paffing 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 neceflary to employ a concentrated li- 
quor, or to let the cloth, at every immerfion, remain- 
long therein : by this I avoided two inconveniences, 
which would have rendered this procefs impoffible to 
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3!eachin?. be pra&ifed m the large way. The fu ll is the fuffoca- 

r-w-v > t;ng 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 pra&ifed in the 
greateft part of my firfl 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 Angle view fufHced for a phi- 
lofopher whofe genius has been exercifed fo long upon 
the arts. In a fhort 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 moft ex- 
tended knowledge of chemiftry, affociated himfelf with 
Mr Conftant, at Valenciennes, in order to form an efla- 
blifhment in that city.” 

M. Caillau made a great number of experiments at 
Paris refpedling this new mode of bleaching; but the 
greateft part of thefe experiments was made upon cot- 

ii; ton, which is more eafy to bleach, and does not require 
> leys fo often or fo ftrong as flax or hemp. He alfo 
'I' 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 fatisfadlion of the manu- 
fadturers, became again of a reddifh colour when they 

je were expofed to a common ley, or even when they were 
li left for fome time in a warehoufe. Several fimilar com- 

plaints were made by other perfons j 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 perfedlly. M. Berthollet foon found, that the im- 
perfedlion 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 

*58, made in my laboratory, to pour the hot alkaline folu- 
tion into a veflel where I placed the pieces : it there 
became cool very rapidly, and therefore did not aft 
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 fubjeft to the above mentioned defefts : 
it was therefore merely the weaknefs of the leys which 
had occafioned the accidents which were experienced by 
Meftrs Caillau, Decroilille, and myfelf. It is neceffary 
that the colour of the cloth Ihould not be changed by 
the laft ley, and this is the fureft mark that the bleach- 
ing is finilhed ; neverthelefs, after this laft adftion 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 direftly into common wa- 

ter ; for if the evaporation (hould take place, the ful- Bleaching, 
phuric acid, becoming thereby concentrated, would cor-v— 
rode them. The cloths being then well walked, re- 
quire only to be dried and drelied 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. 

“ The bleaching of cotton cloth is much eafier and 
Ihorter 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 been previoufly 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 aftion 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 aftion 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 refpeft to 
thread than with refpeft to cloth. M. Welter has form- 
ed at Lille, with two partners, an eftabliihment 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 balket, which permits the liquor to pene- 
trate to all its furfaces ; when the liquor is much weak- 
ened, ic 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 1 employed, it appeared to me that a 
confiderable lofs of it took place ; that thofe parts of 
the cloths which wrere the moft expofed to it were fub- 
jeft 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 afting with too great power, it is im- 
portant to have a means of meafuring its force. M. 
Decroifille thought of ufing, 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 fulphurie acid ; this mixture is put into a 
matrafs, which is kept, during fome hours, in a water- 
bath ; when the folution is finiflied, 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 



B L E [86 
ccfiary to compare with it. Mr Watt employs, In the 
fame manner, a folution of cochineal.” 

M. Berthollet recommended the following method 
of procuring the oxy-muriatic acid : “ If we have good 
oxide of manganefe, formed in fmall cryftals, and con- 
taining 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 mix-the oxide of manganefe with the common fait, 
and introduce the mixture into the diddling veffel pla- 
ced upon a fand bath : we mud then pour upon it the 
fulphuric acid, previoufly diluted (and of which the heat 
occaiioned by its mixture with water is diilipated), and 
immediately apply to the mouth of the matrafs the tube 
which is to conduct the gas into the intermediate vef- 
fel.--It mud not be forgot, that in this operation the 
lutes require particular attention. 

“ The fize of the veffels flaould be fuch, that the dif- 
tilling matrafs may be about one-third empty ; and, for 
the quantity above mentioned, the tub Ihould hold 100 
quarts of water; there (hould alfo bean 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 mud be filled with water. 1 he 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 lad 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 hadily 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 
date. It is known to be nearly finilhed when the tube 
by which the gas is difengaged, and the intermediate 
veffel, become hot. When the gas is difengaged only 
in a fmall quantity, the fire may be withdrawn ; and 
when the diddling 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 fliorter according to the 
quantity of materials : with that above mentioned, it 
fhould lad five or fix hours; it is proper not to haden 
it, that a larger quantity of gas may be drawn off. A 
fingle perfon is able to manage fe’veral didillations 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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we have collected a fufficient quantity of it, it may be Bleaching, 
fubdituted for the mixture of vitriolic acid and com- 
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 
fird tube ought to form a right angle, or even an ob- 
tufe one, with the body matrafs. 

“ During the-operation, the agitator mud be from 
time to time put in motion, to favour the abforptiou 
of the gas by the water ; when it is finiffied, the liquor 
is of a proper drength 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 date of concentration, although the liquor 
has a pretty drong odour, it neverthelefs is not hurtful, 
nor even very unpleafant, to thofe who ufe it : it is, 
however, proper to condudl it into the troughs where 
the cloths are placed by means of wooden canals, 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 linePlafeV1( 
with B, many fmall openings in its circumference, tofig. i. 
ferve as chimneys; within which, upon a fand-bath a, is 
placed a matrafs b, the neck of which dands 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 b, 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 reguigitation. 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 fird of the three wooden, or (if they can be 
procured) doneware, 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 tf 
foak for 24 hours in water, or, which is better, in fomebleac ling' 
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 extra&ed by the leys would elfe, 
without any advantage, confume a part of that liquor, 
which it is important to be as fparing of as poffible. 
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 

run 
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v   to be conftru&ed without iron ; for that metal, being 
rufted 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 fub- 
mitted to the aftion of ley, and then placed in a 
trough, that frelh 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 frefh im- 
merfions. The fame liquor may ferve until its ftrength 
is exhaufted : when it is much weakened, there may be 
fome frefh 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 immeriions 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 manufafturers at Javelle, to whom M. Berthol- 
let had communicated thisprocefs, foon after publifhed, 
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 their prefence, 
confifted in putting fome alkali into the water which 
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 fhould 
be diffolved in the water. The Javelle liquor has a 
fomewhat reddifti appearance, occafioned by a fmall 
quantity of manganefe, which either palfes in the diftil- 
lation, becaufe an intermediate veffel is not ufed, or ex- 
ifts in the potafti; 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 
imperfeftions 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 
pofafh does not deftroy colours.” 

This method of bleaching was very'*foon adopted in 
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as well as the tub, ought Britain, and is now almoft univerfal among bleachers. Bleaching-. 

A great many changes have been made in the procefs ; 
one of the moft important of which is fubftituting lead 
veffels for wooden ones, which, befides weakening its 
adftion exceedingly, were very foon deftroyed by the 
acid. We believe, too, that the bleachers very gene- 
rally add fome alkali to the acid, notwithftanding 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 has been made 
to it is, that the cloth is apt to be weakened. And 
this, no doubt, muft 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 fufticient 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. y 

It remains for us now to confider whether the new Theory 01 
difcoveries in chemiftry do not throw fame 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 muft 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; fo that, in all probability, both 
modes ad 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 time 
the alkali lofes its caufticity. If the linen be boiled ia 
another fimilar folution, it communicates the fame co- 
lour, and even a third may be (lightly tinged ; but af- 
ter this, alkalies, unlefs fo much concentrated as to in- 
jure the texture of the cloth, have no effed 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 
with colouring matter before the adion of the oxy-mu- 
riatic acid 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 cauftio 
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 ad 
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 feen, is oxygen. It 

follows,. 
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Bleaehinp. follows, therefore, that before the greater part of the 
' '■ v colouring matter of linen can be extracted by alkalies, 

it mull be combined with oxygen. It is in producing 
this combination that the ufe of the expofure to the 
fun and airconfifts; and it is becaufe the oxy-muriatic 
acid produces it ahnoit 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 confdls 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, lime-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, mult 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- 

g 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^ precipitated the colouring matter. He found it to 
x>f linen. ^offe(-s the f0H0W{ng properties : When fuffered to dry 

for fome time on a filter, it affumed a dark green co- 
Jrijh 'Tranf. lour, and felt fomewhat clammy like moift clay. “ I 
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“ One meafure of cautlic mineral alkali, whofe fpeci- Bleaching, 

fic gravity was f,053, diflolved nearly the whole, lea- '~—y~*** 
ving only a white refiduum. 

“ One meafure of cauftic vegetable alkali, whofe fpe- 
cific gravity was 1,039, difiblved the whole. 

“ One meafure of liver of fulphur, whofe fpecific gra- 
vity was 1,170, diffolved the whole. 

“ One meafure of cauflic volatile alkali diflblved 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 ohfervations, the great importance of al- 
kalies in bleaching, and the neceffity of regulating the 
ftrength, and afcertaining the purity, of the leys made 
ufe of, mult be apparent. Manufadfurers, 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 : 

T"alle of the quantity of mere alkali in 100 Avoirdupois irijb T'ranf, 
pounds of the following fubjlanccs. 1789. 

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 affumed 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: 

“ iff, 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 dillilled 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 linfeed oil by a long-con- 
tinued digeftion. 

“ 3dly, The black matter being placed on a red hot 
iron, burned with a yellow flame and a black fmoke, 
leaving a coaly reliduum. . . # 

“ Athly, 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 leaft diminiffied. 

“ Hence it appears, that the matter extrafted 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 refpeft refembling lacs. 1 now proceed to 
examine the power of the different alkalies on this fub- 
ftance. Eight grains of it being digefled in a folution 
of cryftallized mineral alkali, fatUrated in the tempera- 
ture of 6o°, inftantly 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 fubftance. Two meafures of the mild vege- 
table alkali diflblved the whole. 

One hundred lbs. 
Cryflallized 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. 

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 ia 
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. Berthollet, 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 
diftilled 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 or 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 w'hich 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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B^eachlti^. cipally compofed of hydrogen and carbon, that body 
v 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 
w'ool and filk which anfveers for linen and cotton. One 
would be difpofed to think that thefe fubftances are 

ofwool and bleached rather by lofing oxygen than by abforbing it. 
filk. Wool, for inftance, 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 likewife, and throw much 
light upon fome of the obfeureft parts of chemiflry. 
A great improvement, however, has lately been made 
by M. Baume in the manner of bleaching lilk. Of this 

^-Seethe improvement we fhall proceed to give an accountf. 
menudr in Before the filk is wound off the cocons in which the 

Chim ”xvii<? vvorms are enclofed, it is neceffary to kill the in- 
156. and 3-otherwife they would in all probability eat thro’' 
bridged in it and deftroy it. This is commonly done by expofing 
Nieiel/on s coconSj properly wrapped up, for two hours to the 

JiTfrorn * ^eat ab°ut 1 j8 degrees of Fahrenheit in an oven ; 
•which laft after which they are kept for a certain time in a mafs 
we have ta-to preferve their beat, and effedtually deftroy fuch of 
ken our ac- tyie infe$;S as might have efcaped the power of the 
ceu.n oi U' oven. The effedt of this procefs is, that the filk is 
New mode hardened, and is more difficult to wind off than before, 
of whiten- Hence the produdt of filk is lefs by one ninth part in 
nig filk. 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 ffiould 
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 too degrees, and the vapour 
of the fpirit of wine exerts itfelf with wonderful aftivi- 
ty. After this treatment they muff be fpread out to 
dry, which happens in a ffiort 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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fpirit only which has been kept in vefTels of glafs, of Bleaching, 
tinned copper, or of pure tin. Leaden veffels are abfo- v 

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 almoil boiling. Upon this 
part of the procefs M. Baume remarks, 1. That the 
dead cocons muff be feparated. Thefe are known by 
the brown or black fpots on their furface. 2. That 
well-water, which on account of its clearnefs is almoil 
univerfally ufed in the filk manufactories, moftly con- 
tains nitre, and is extremely prejudicial to the bleaching 
procefs. The prefence of nitrous acid gives a yellow 
colour, which refifts 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 lead advantage to 
the colour, beautyq or quality of the filk. 

At the four places of contadt of the filk upon the 
reel, all the threads Hick 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 be 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 ftate, 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 confifts 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 adfion of the muriatic acid, and the ftone-ware 
itfelf is not very durable. This veffel mult be carefully 
examined, to afeertain that it does not leak in the flighteft 
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 loweit, is to he clofed with a good cork, 
in the middle of which is thruft 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 off the liquid contents of the jar. A fmall 
perforated falfe bottom is placed within the veffel, to 
prevent this tube from being obllru&ed. 

Six pounds of yellow raw filk are to be difpofed in 
the earthen pot; upon this is to be poured a mixture, 
previoufiy 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 1.1x4. The pot is 
then to be covered, and the whole left in digeftion till 
the following day, or until the liquor, whichat firft af- 
fumes a fine green colour, ffiall begin to affume that of 
a duflcy 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- 

vpeatedly until it pafles colourlefs. The filk is then fuf- 
fered to drain without llirring it. In this ftate it is 
ready for a fecond infufion. 

Forty-eight pounds of fpirit of wine, acidulated with 
j 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 lirfl : it fometimes amounts to two, 
three, or even fix days, according to circumftances, par- 
ticularly the temperature and the nature of the filk. 
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 veflel. This fluid is but fiightly coloured, and 
may be ufed again in the firft infufion of other yellow 
filk, with the addition of fix ounces more of marine 
acid. The receiving veflel is to be removed, and ano- 
ther clean veflel fubftituted in its place. The filk is 
then fprinkled with clean fpirit, and occafionally prefled 
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 firft 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 fubfides along the filk, it 
drives the fpirit of wine before it, fo that the firft 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, 
Fut ftill retains a portion of marine acid fufficient to 
render it harfh to the touch, and after a time brittle. It 
muft 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 
mult be changed once or twice in 24 hours. 

Though the mineral acids are the moft powerful and 
deftruftive 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 

not feparate for years, even though expofed to the fun’s Bleaching, 
light. Yellow filk expofed to the fun, lofes its colour''"■"'■V'— 
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 effential that the filk fhould be im- 
merfed in a large quantity of the fluid, efpecially at the 
firft infufion. Without this management it would be- 
come neceffary to make three infufions in the acidula- 
ted fpirit. When the firft 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 aftion upon the filk. The duration 
of this firft infufion may be longer or fhorter, without 
inconvenience, according to the temperature. When 
the temperature is at 77° of Fahrenheit, the firft infu- 
fion is often made in 10 or 12 hours. In fmall experi- 
ments the heat 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 firft infufion is finifhed, and the liquor 
drawn off, the filk appears greenifh : the fubfequent 
walhings in fpirit of wine clear it of the liquor it re- 
tained. This fprinkling ftiould 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 ttate of the naturally ■white filk. In this 
ftate the filk is difpofed to acquire a greater degree of 
brightnefs by a fingle infufion in the acidulated fpirit. 
This procefs has its advantages over the other, to which 
it is alfo inferior in certain refpedls ; concerning neither 
of which the author has entered into any detail. 

The colouring matter was found to be a refin per- 
feftly animalized, affording by diftillation the fame pro- 
ducts as other animal matters, and the concrete volatile 
alkali. 

Silk whitened by fcouring may be dried freely in the 
air 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 muft 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 diftances, fo as to projeCl 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 furniftied 
with fix holes adapted to receive as many pins to cor- 
refpond with thofe above. The Ikains of filk are to be 
dreffed and arranged upon wooden pins, as they are 
taken out of the fack from wafhing. As foon as there 
are twelve together, they are to be wrung with a ftaff; 
after which the Ikains are to be hung one by one upon, 
as many bobbins put upon the upper pins of the fquare 

frame. 
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Bleachingr. frame. Another bobbin with tails is to be inferted in 

the lower loop of the ikain, and fattened 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 {light- 
ly acquainted with mechanical objects. 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 Ikains 
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 {how 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 
recovering anfl loaded with colouring matter. In this ftate 
t^e^ico o cannot ke agajn ufecl. There are two methods of 

diftilling it which have their refpeftive advantages and 
inconveniences. 

By the firft the acid is loft ; which is faturafed 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 ftrong effervefcence from the alkali; and the point 
of faturation is known by the ufual teft, that the fluid 
does not redden the timfture 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 
I 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 {tone-ware, which become embarrafitng 
on account of their number. The fluid which remains 
in the retorts has the colour of beer {lightly 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 {lightly red, turbid, and fcarcely acid. This is 
to be thrown away, and the receivers changed. The 
fucceeding product is the colourlefs marine acid, of an 
aromatic fmell refembling the buds of poplar. The re- 
fin 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 fadl of little confequence, 
as it is pure, and may be fafely ufed, either by increa- 
fing the dofe proportional to its diminifhed 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 {lightly acid as 
fcarcely to redden the tin6ture of turnfol ; but it is 
fufficiently acid to receive injury if preferved in a cop- 

I0 per veflel. 
Andof pre- As to the acid, Mr Baume obferves that the muria- 
paringa tic acid of commerce is unfit for the purpofe. It was 
pure mu- formerly prepared with the marine fait of the faltpetre 

C1 ’ manufacturers ; and even when it is made with good 
fait, the decompolition is effe&ed 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 cenfiderably, and in the moll 
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fatisfa&ory manner. But the alcohol, every time it is Bleaching, 
ufed and reClified, becomes charged with the acid and ""v r ^ 
gas of nitre, which aflume the charafters of the nitrous 
anodyne liquor. In this ftate neither diftillations nor 
repeated rectifications 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 fufliciently 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 fyphon funnel, and the 
rectification proceeded upon until it becomes perfectly 
white. Towards the end of the operation a fmall quan- 
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. n 

The oxy-muriatic acid is alfo ufed very generally for Bleaching 
bleaching paper, or rather the fluff out of which paperPaPen 

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 Chaptal’s account 
of this procefs, who was the firft perfon that introduced 
ft. “ Blotting paper (fays he), by being put into oxy- 
genated muriatic acid, is bleached without fuffering 
any injury ; and rags of coarfe bad cloth, fuch as are 
ufed in the paper manufadtories 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 produft 
was computed at 25 per cent, whereas the expence of 
the operation, when calculated in the ftridteft man ,er, 
amounted only to 7 per cent. r% 

“ The property poffeffed by this acid, of bleaching Mode of 
paper without injuring its texture, renders it very va-whiteninS 
luable for reftoring old books and fmoked prints. The°ld book8* 
latter, wdien difcoloured to fuch a degree that the fub- 
jedt of them could hardly be diftinguifhed, were re-efta- 
blfthed 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 2 print 
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Bleaching print in oxygenated muriatic acid (leaving it therein a 
II longer or a fhorter time, according to the ftrength ot 

, Boar' the liquor) is all that is required for bleaching it; but 
v when a book is to be bleached, Come farther precau- 

tions are to be ufed. As it is ntctflary 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 reft upon the Tides of the veffel, the pa- 
per only will be immerfed in the liquor. If any of the 
leaves ftick together they muft 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- 
tra&ed. t - j r 

«« The above method, which is the nrft I made uie 
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 recouife to the 
following more certain procefs. 1 began by unfewing 
the books, and reducing them into (beets; thefe (beets 
I 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 
againft the fide, that the leaves might not be difturbed; 
and when the operation was finiflied, I drew 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 bound. In this manner I have reftored many va- 
luable books, which had become worthlefs from the bad 
date they were in. 

“ When 1 had to bleach prints fo torn to pieces 
And prims-^t they confifted only of fragments fitted together, 

and palled upon paper, I was afraid I might lofe lome 
of thefe fragments in the liquor, becaufe they feparate 
from the paper by the foftening of the pafte : 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 diiengaging oxygenated 
muriatic gas. This gas fills the infide of the bottle, and, 
acting upon the print, takes off the ftams, ink-fpots, 
&c. while the fragments remain palled to the paper, 
and confequently keep their refpeaive places.” 

BLOCKS {Encycl. Plate XCV. fig. 5.) a ^ePI.e' 
fents a fingle block, and b, c, two double ones of diffe- 
rent kinds, without ftraps ; e, f, two double tackle 
blocks, iron bound, the lower one,y^ being fitted with 
a fwivel ; a double iron block with a large hook ; 
hy a fmall block ; i, a top block ; k, a voyal block ; /, 
a clew garnet block ; m, the cat block, employed to 
draw the anchor up to the cat-head. See Cat-Heads, 
Encycl. 

Cape or Large Snouted BOAR, a fpecies of the 
genus Sus, which, according to M. Vaillant, differs 
from every known fpecies, and has not been accurately 
defcrihed by any writer of natural hiltory. Buffon, in- 
deed, ip the Supplement to his Hiftory of Quadrupeds, 

has given a figure of it; but nothing like the head of 
the animal is difcoverable, fays our author, in that fi* ^ 
gure, all its chara&eriftics having been omitted by the 
draughtfman. M. Vaillant,. during his laft travels inp 

Africa, (hot a monftrous boar of this fpecies on the 
banks of Fi(h river, and in the country of the Greater 
NiMiStVAs. He defcribes it in the following terms : 
Its fnout, inftead of being taper and in the form of a 
probofcis, is, on the contrary, very broad and fquare at 
the end. It has finall eyes, at a very little diftance 
from each other, level with the furface, and near the 
top of the forehead. On each cheek a very thick carti- 
laginous (kin proje&s 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 (hort, are partly 
concealed by an enormous mane, the bridles of which, 
in colour red, brown, and greyifli, are 16 inches in 
length on the (boulders. Dire&ly below thefe falfe- 
ears is a bony protuberance on each fide, projefting 
more than an inch, ferving the animal to llrike with to 
the right and left. T. he boar has, befides, four tuiks* 
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 riling 
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 objea. It is fcarcely lefs fo than 
that of the hippopotamus, to which at firft view it ap- 
pears to have a linking refemblance. Syflematifts, ac- 
cuflomed to view nature only according to rules ella- 
blifhed by themfelyes, will be far from acknowledging 
this animal to be a boar ; for not to mention its large 
fnout, it wants incifive teeth in both jaws. Notwith- 
ftanding its wide muzzle, it ploughs up the earth to 
feek for roots, on which it feeds. It is very aAive, 
though large and bulky ; running with fuch fpeed, that 
the Hottentots give it the name of the runner. 

BONNET (Charles), was defeended from a French 
family, who being compelled, on account of their reli- 
gious principles, to emigrate from their native country,, 
eilabliflied 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 ftation. 
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, 
alliduity, by the amiablenefs of his difpofition, and the 
rapid prpgrefs he made in general literature. When he 
was about 16 years of age, he applied himfelf, with 
great eagernefs, to the perufal of Le Spectacle de la Na- 
ture ; and this work made fuch a deep impreffion on his 
mind, that it may be faid to have diredted the tafte and 
the ftudies of his future life. What that publication 
had commenced, was confirmed by the work of Get 
Pluche; but fiaving accidentally feen the treatife of 
Reaumur upon infefts, he was in a tranfport of joy. 
He was very impatient to procure the book; hut as the 
only copy in Geneva belonged to a public library, and 
as the librarian was relu&ant to intruft it in the hands 
of a youth, it was with tfie ptmoft difficulty that he 
could p^tsdn fivs end* ^ 

By 
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By the poflefSon of this treafure, our afluluous youth 

was 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 frefli vigour to his afliduity. 

In compliance with his father’s detires, he applied 
himfelf, though with much reluctance, 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 alio, as he per- 
ceived order and connection ; but the Roman law terri- 
fied him as the hydra of Lerna. Notwithilanding his 
application to thefe authors, he itill continued attached 
to natural hiftory, and was very active 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- 
fent 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 
Ileal from the ftudy of jurifprudence to the completion 
of his natural hiftory of the tree-loufe ; to experiments 
on the refpiration of catterpillars and butterflies, which 
he difcovered to be effe&ed by ftigmata, or lateral pores; 
to an examination of the conftrinftion of the taenia or 
tape-worm ; in frequent correfpondence with Reaumur; 
and in affifting Trembley in his difcoveries and publica- 
tion concerning millepedes, &c. Having in the year 
174.3 obtained the degree of do£tor of laws, he relin- 
quiftied a purfuit w^iich he had commenced with fo 
much reluctance. In the fame year he was admitted a 
fellow of the Royal Society, to which he had commu- 
nicated a treatife on infeCts. 

Bonnet being now liberated from his other purfuits, 
applied himfelf, without intermilfion, to collecting toge- 
ther his experiments and obfervations concerning the 
tree-loufe and the worm, which he publifhed. in 1744 
under the title of InfeSology. 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 reliuquilh the 
u,fe of the microfcope and the ftudy of infeCts. 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 dejedted 
ftate of mind. About the end of the year 1746 our 
philofopher was chofem member of the Literary Inftitu- 
tion at Bologna, which introduced him to a correfpon- 
dence with the famed Zianotti, who may be deemed the 
Fontenelle of Italy. 

In the year 1747 he undertook a very difficult work 

on the leaves of plants ; which, of all his publications 
in natural hiftory, bore the ftrongefl: marks of origina- 
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 ftu.dy of a very difierent 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 fads 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 exiftence, and purfued the de- 
velopement of his fenfesand faculties from fimple growth 
up to intelligence. The work, which was publilhed 
without his name, met with great oppofition, and was 
criticifed with feverity ; but the cenfures were directed 
more againft his expreflions 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 Amply a de- 
velopement of the ideas contained in the preceding 
work. It engaged his inceflant attention for the fpace 
of five years ; nor was it completed before 1759. It is 
fomewhat Angular that both he and the Abbe de Con- 
dillac ihould 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 wmrk was 
publilhed 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£ting the origin, deve- 
lopement, and reproduction 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 the ground upon which it 
was founded, its correfpondence with faCls, 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 
fubjeCl as a prize queftion for 1761, declared that they 
coniidered 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 muft alio be recorded, to the honour of 
the great Maltfherbes, that he reverfed the interdidt 
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 
perfexftions of God ; and of the order and uniformity 
obfervable in the univerfe. He next defcends 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 defcribes the laws of 
their economy ; and, finally, he examines the infedts, 
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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r.onnet. tliefe differences ; and he concludes with obfervations 

— refpefting the induftry of infe&s. This work being of 
a popular nature, the author fpared no pains in beftow- 
ing upon it thofe ornaments of which it was fufcep- 
tible. The principles which he thus difcovered and ex- 
plained, induced him to plan a JyJiem of moral philo- 
sophy ; which, according to his ideas, confided folely 
in the obfervance of that relation in which man is pla- 
ced, refpe&ing all the beings that furround him. The 
firft branch would have comprehended, various means 
which philofophy and the medical fcience have difco- 
vered for the prevention of difeafe, the prefervation and 
augmentation of the corporeal powers, and the better 
exertion of their force : in the fecond, 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 effefts refpeiling the fociety at large. 
To manifeft 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 moft fceptical philofopher 
rnuft be compelled to yield his confent, and which might 
ferve as the bafis of all our reafonings concerning man 
and his various relations. He then would have dire&- 
ed his attention to a firft caufe, and have manifefted 
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- 
ceffant labour, would not permit him to complete the 
defign. 

His laft publication was the Palingenefs, which treats 
of the prior exiftence and future ftate of living beings. 

Of his publications in natural hiftory, thofe deemed 
the moft excellent are, his Treatife on the beft Means 
of Preferring Infefts and Fifh in Cabinets of Natural 
Hiftory ; a Differtation on the Loves of the Plants; 
fundry 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 he 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 
correfpondence with fome of the moft celebrated natu- 
ral philofophers and others. Of this number were Rea7t- 
tnur, De Geer the Reaumur of Sweden, Du Hamel, 
the learned Haller, the experimental philofopher Spal- 
lanzani, Van S'widen, 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- 
fate for the lofs of that repofe which he valued, with 
Newton, as the rem prorfus fuhjlantialem. 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 fincerely 
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- Bonnet, 
pied in the improvement of his mind. The laft 25 ^00^-keep* 
years of his life were fpent in the fame rural fituation j 
where he had paffed the greater part of his early days ; 
yet notwithftanding the purfuit of literature was his fu- 
preme delight, he never refufed to fufpend his ftudies, 
when the good of his country feemed to demand his 
fervices. 

He 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- 
ftingui/hed himfelf by his eloquence ; his moderation, 
united with firmnefs ; by his good fenfe and penetra- 
tion in cafes of difficulty ; and by the zeal with which 
he endeavoured to reclaim his fellow-citizens to that 
ancient fimplicity of manners which had been fo condu- 
cive to the welfare of the ftate, and to the love of vir- 
tue, fo effential to the exiftence of genuine liberty. His 
conduct, in every cafe, was confiftent with his princi- 
ples. He took no pains to accumulate wealth, but re- 
mained fatisfied with a fortune equal to his moderate 
wants, and to the exercife of his benevolence. The 
perfedt correfpondence between his extenlive knowledge 
and virtuous deeds procured him univerfal efteem. 

In the year 1788 evident fymptoms of an hydrops 
peBoris manifefted themfelves; and from this time he 
gradually declined. He fuftained his indifpofition with 
unremitted cheerfulnefs and compofure. After various 
flu&uations, ufual 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 laft moment, adminifter- 
ing comfort to furrounding friends and relatives, and 
attempting to alleviate the diftrefs 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 moft of the learned fo- 
cieties of Europe. 

BOOK-keeping, is an art of which the importance 
is univerfally known; and as commonly praftifed, it has 
been fufficiently explained in the Encyclopasdia Britan- 
nica. But fince 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 dete&ed, 
than by any other method hitherto known. We are 
much inclined to be of his opinion ; and fhall therefore 
lay before our redears his defcription of this method, as 
we find it in the fpecification of the patent which was 
granted to him January 26. 1796. 

The Englifh Syflem of Boon-Keeping requires three 
books, called a day-book or journal, an alphabet, and a 
ledger, which muft be ruled after the following method, 
viz. the day-book to have three columns on each page, 
for receiving the amount of the tranfadlions; 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 mu ft 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 

keepii g. two on right fide next the amount of the credits, 
^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, five, or 
feven columns on each page, as may be moll agreeable, 
for receiving the amounts of the different tranfadlions 
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 Hock-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. II you pay money, debit 
the perfon to whom paid, not only for what you pay, 
but alfo for any difcount or abatement he may allow, 
and give the calhier credit for the neat amount paid. 
If you receive money, credit the perfon of w'hom you 
receive it, not only for what he pays, but alfo for any 
difcount or abatement you may allow, and debit the 
calhier for the neat amount received ; taking care in 
thefe entries to have nothing myllerious or obfcure, but 
merely a plain narrative of the fadl, 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 aoolicable. 
to every tranfaflion, and maybe affixed to every entry. 

But as a hurry of bufinefs will fometimes take place 
in almoll every counting-houfe, which may caufe the 
entries to be made to the debit inllead of the credit of 
an account in the day-book, and to the credit inllead of 
the debit, Mr Jones has endeavoured as much as polfible 
to counteraft the evil, by having only one column for 
receiving the amount of every tranfadlion, whether de- 
bits or credits, at the inftant of making the entry ; and,, 
for the convenience of feparating the debits from the 
credits, previous to polling, which is neceffary 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 exactly agree 
with the firlt 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 isfubtradled there- 
from, Ihew the profits of the trade. 

Our author now proceeds to the procefs of polling: 
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which begins with opening an account in the ledger 
with every perfon to whole debit or credit there has 
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, 
W'ith 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 leen 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 in 
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 he 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 tranfadlions ; thus having, in a fmall 
fpace, 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 tranfadlion ; and in the centre, 
a monthly llatement. 

Having deferibed the procefs of this method of book- 
keeping, he thus Ihews how to examine books kept by 
this method, fo as to afeertain, to an abfoiute certainty, 
if the ledger be a true reprefentation of the day-book ; 
i. e. not only if each tranfadlion be corredtly 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 modes that have heretofore, 
been pradlifed, as well in expedition as. in the certain. 
accuracy which attends the procefs ; it being only ne- 
ceffary 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 correfpond- 
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 (hould be put at 
the bottorc*rof 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 traufadlions, be brought into one grofs* 
amount for the fame time. 

But although this proct-fs 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 following 
method. He has laid down a rule that a letter, which < 
may be ufed alphabetically in any form or fiiape 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 neceffary therefore to compare and lee that 
the letter affixed to each entry in the day-book is the. 

fame 
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fame as is prefixed to the fame name in the alphabet; purpofe 
a diiference here (hews of courfe an error, or elfe it not efcape their attention, 
mull 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 coll may be entered in 
the day-book, either the value in one amount, or the 
particulars fpecified, as may be moll expedient, and an 
account opened for it in the ledger, to the debit of 
which it mud be polled. The calling up of the led- 
ger mull then be completed : and when found to agree 
with the day-book, and the amount placed at the bot- 
tom of each column, fubtrad the credits from the de- 
bits, and it will Ihew the profit of the trade ; unlefs the 
credits be the greater artiount, which will Ihew a lofs. 
In taking off the balances of the ledger, one rule mull 
be obferved, and it cannot be done wrong : As you 
proceed, firll fee the difference between the whole 
amounts <pf the credits and debits on each page for the 
year, with which the difference of the outltanding ba- 
lances of the feveral accounts on each page mull exadt- 
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. 

BO'SCOVICH (Roger Jofeph), one of the moll 
eminent mathematicians and philofophers of the pre- 
fent age, was bom of virtuous and pious parents, on 
the 11th of May 1711, in the city of Ragufa, the ca- 
pital of a fmall republic of the fame name, lying on the 
ealtern coall 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 lludied Latin grammar in the fchools which 
were taught by the Jefuits in his native city. Here 
it foon appeared that he was endued with luperior 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 icadily per- 
ceived the meaning of any precept than he ; none more 
juftly 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 i 5 th year of his age, he had already gone 
thr ough the grammar claffes with applaufe, and had 
ftudied rhetoric for fome months. His moral behavi- 
our had likewife been very good : he was refpedlful and 
obedient to his parents and mailers, affable and obli- 
ging to his equals, and exemplary in all the duties of 
religion. It was now time for him to determine what 
courfe he would lleer through life ; nor did he hefitate 
long in coming to a relolution. 

The Jefuit fathers, by teaching the fciences to youth, 
were very ufeful, and at the fame time had a fine op- 
portunity of obferving their fcholars, and of drawing 
into their fociety thofe boys who feemed fit for their 
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Such a fubjedl as the young Bofcovich could Bofcovir 

  j i their attention. They fhewed him particu- — 
lar kindnefs, to which he was not infenfible. He had 
an ardent thirft for 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 m their order, in which fo many per- 
fons had Ihone in the republic of letters. According- 
ly, with the confent of his parents, he petitioned to be 
received among them ; and his petition wras immediately 
granted, becaufe it was defired by thofe to whom it 
was made. 

It was a maxim with the Jefuits to place their moll 
eminent fubjedls at Rome, as it was of importance for 
them to make a good figure on that great theatre. 
Wherefore, as Roger’s mailers had formed great ex- 
peftations of him, they procured his being called to 
that city ; whither he was fent in the year 1725, and 
entered the novicelhip with great alacrity. This no- 
vicelhip was a fpace of two years, in which the candi- 
date made a trial of his new Hate 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 ftudying books 
of Chriftian morality, and in becoming perfedlly ac- 
quainted with the rules and conllitutions of the order. 
After thefe two years were pall, the Jefuits were wil- 
ling to retain Bofcovich, and he was no lefs defirous of 
remaining with them. He therefore paffed to the 
fchool of rhetoric ; in which, for two other years under 
the moll expert mailers of the fociety, young men per- 
feded themfelves in the arts of writing and fpeaking, 
which was of fo great confequence to perfons who wdre 
deftined to treat fo much with their neighbours. Here 
Bofcovich became perfedly well acquainted with all the 
clafllcal authors, and applied with fome prediledion to 
Latin poetry. 

After this he removed from the noviciate to the Ro- * 
man College, in order to lludy philofophy, which he 
did for three years. In order to urulerlland 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 talle 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 lludy. His matter, though he was able and expert, 
in Head' of leading him on, was fcarcely able to keep 
pace with him, and his condifciples were left far be- 
hind. He likewife found tin? application of the ma- 
thematics to natural philofophy pleafant and eafyr. 
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- 
knowledocd by his companions, and well known to his 
fuperiors. He had already begun to give private lef- 
fons on mathematics. 

According to the ordinary courfe followed by the 
Jefuits, their young men, after iludying philofophy, 

were 

(a) For this article we are indebted to a dignified clergyman of the church of Rome, who was one of Bof- 
covich’s favourite pupils. 
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Bofcovich. were wont to be employed in teaching Latin and the ed likewife diflertations on 
l—-'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 ftudy of theology and the prieft- 

, hood at a riper age. But as Roger had difcovered 
extraordinary talents for geometrical ftudies, 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 ftudy of divinity. 

During the four years that he applied to that fub- 
hme Icience, he ftill found fome leifure for geometry 
and phyfics ; and even before that fpace was ended, 
he was named profeftbr 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- 
dileftion. Befides having feen all the heft modern pro- 
du&ions on mathematical fubjefts, he ftudied diligently 
the ancient geometricians, and from them learned that 
exa£l 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 moft abftrufe receftes, yet he ac- 
commodated himfelf with a fatherly condefcenfion to 
the weaker capacities of his fcholars, and made every de- 
monftration clearly intelligible to them. When he per- 
ceived that any of his difciples were capable of advan- 
cing fafter than the reft, he himfelf would propofe his 
giving them private leffons, that fo they might*not lofe 
their time or he would propofe to them proper books, 
with diredlions how to ftudy 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 fubjefts had been well treated by a great 
many authors, yet Bofcovich’s work will always be e- 
fteemed by good judges as a mafterly 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 moft 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- 
vil.and military architeaure ; but from accompliffiing 
this he was prevented by other neceffiary occupations. 

^ According to the cuftom of fchools, every clafs in 
the Roman College, towards the end of the fcholaftic 
year, gave to the public fpecimens of their proficiencv. 
With this view Bofcovich publiffied yearly a differtation 
on fome interefting phyfico-mathematical fubjea. The 
doarine of this differtation was defended publicly by 
feme of his fcholars, affifted by their mafter. At thefe 
literary differtations there was always a numerous con- 
courfe of the moft learned men in Rome. His new 
opinions in philofophy were here rigoroufty examined 
and warmly controverted by perfons well verfed in 
phyfical ftudies : but he propofed nothing without fo- 
hd grounds ; he had forefeen all their objeaions, an- 
fweied them viaorioufly, and always came off with 
great applaufe and increafe of reputation. He publiffi. 
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other occafions ; and thele Bofcovich. 

works, though frnall 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 
conftru&ion of fpheric trigonometry ; the aurora bo- 
realis ; a new .ufe of the telefcope for the determination 
or celeftial objefts ; the figure of the earth ; the argu- 
ments made ule of by the ancients to prove the rotun- 
dity of the fame ; the circles which are called ofcula- 
tors ; the motion of bodies proje&ed in a fpace void of 
reiiftance ; 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 ftars ; 
the. limits of the certainty to which aftronomical obfer- 
vations can arrive ; a difeuffion on the whole of aftrono- 
my ; the motion of a body attrafted by certain forces 
towards an immoveable centre in fpaces void of refift- 
ance; a mechanical problem on the folid of greatdl 
attradionj a new method of ufing the obfervation of 
the phafes in the lunar eclipfes ; the cycloid ; the lo- 
g. tic 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 illuftra- 
tion of a paffage in Newton concerning the rainbow • 
the demonftration and illuftration of a method given 
by Lul.er, regarding the calculation of fradions ; 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 at- 
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, 
and that chiefly 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 feparate pieces 
or m communications inferred in the tranfadions of li- 
terary focieties or academies, he being a member of 
thofe that are moft famous in Europe. It was in fome 
of the above-mentioned differtations that Bofcovich made 
known firft to the world his fentiments concerning the 
nature of body, which he afterwards digefted into a re- 
gular theory, which is juftly become fo famous among 
the learned. & 

Father Noceti, another Jefuit, had compofed two 
excellent poems on the rainbow and the aurora borealis 
ihefe poems were publiflied with learned annotations 
by Bokovich ; in which, among other things, he with 
great.iagacity difeovers errors in optics into which De 
Donums, Kepler, and others, had fallen. 

His countryman, Benedid Stay, after having pub- 
hftied the philofophy of Defcartes in Latin verfe at 
tempted the fame with regard to the more modern and 
more true philofophy, and has executed it with won- 
derful fuccefs, to the admiration of all good judges. 
The two firft volumes of this elegant and accurate 

wonc were publ.jhed with annotations and fupplements 
y Bofcovich. Thefe fupplements are fo many fhort ' 

differtations on the moft important parts of phyfics and 
mathematics. Here is to be found a folution of the 
pioblem of the centre of ofcillation, to which Huygens 

N ■' had 
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Bofcov'ch. had come by a wrong method ; here he confutes Euler, 
»—v • ^,^0 had imagined that the vis inertia was neceltary 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 efientially more fimple than curves, and makes it 
appear that the notion of the faid right line is com- 
monly accompanied with many paradoxes, hie demon- 
ftrates, by the doftrine of combinations, fome beautiful 
theorems concerning the fpace occupied by the fmall 
maffes of body, with many ufeful obfervations on fpace 
and time. 

Benedift XIV. who was a great encourager of learn- 
ing, and a beneficent patron of learned men, was not 
ignorant how valuable a fubjea Rome poifeired in B^f* 
covich; and this pope gave him many proofs of the 
efteem be had for him. Two fiffures 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. T hey 
fhewed that there was no caufe to apprehend danger ; 
but, for greater fecurity, they propofed certain precau- 
tions, which wrere 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 ftate, 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 refpe&ive 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 wras not unwilling to 
undertake fuch a talk, which was entirely 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 commiffion was given to Bofcovich 
by Benedict to correA the maps of the papal eftate, 
and to meafure a degree of the meridian paffing through 
the fame. This he performed with great accuracy, 
affifted by F. Chriftopher Maire an Engliftr Jefuit, and 
likewife a great mathematician. Their map was en- 
graved at Rome, and is perhaps the moft exa& piece 0 
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> 3nc^ 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 flrange 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 forceries of their new 
vifitants. They therefore infilled that Bofcovich and 
Maire ffiould depart ; and it was not eafy to convince 
them that their operations were harmlefs. In this work 
there is inferted a defcription of the inftruments made 
ufe of in determining the extent of the degree of the 
meridian ; and the whole work may be extremely ufe- 
ful to pra&ical geometricians and aftronomers. 

In the year 1757 the republic of Lucca intrufted 
Bofcovich with the management of an aftair which was 
to them of confiderable importance. Between that re- 
public and the regency of Tufcany there, had arifen a 
drfagreeable difpute concerning the draining of a lake, 
and the dire&ion to be given to fo'me waters near the 
boundaries of the two ttates. The Lucchefe fenate 
chofe our philofopher to treat of this bufinefs on their 
part. He repaired to the fpot, confidered it attentive- 
ly, and drew up a writing, accompanied with a map, 
to ffiew move 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 hkewife giand duke 01 
Tufcany, refided. He was fo fuccefsful in this nego- 
ciation, that he obtained every thing that Lucca deh- 
red, and at the fame time acquired great efteem at the 
Imperial court. In proof of this, the Emprefs C^een 
made his opinion be afked concerning the liability.of 
the Cefarean library, and the repairs to be made in it -r 
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 publilhed his work on that great fubjedt 
in the beginning of the year I75#8> hr the above-men- 
tioned city. We ffiall in the end give an account of that 
celebrated fyftem, and here go on with our narration. 

On his return to Lucca, he 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- 
her 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 be ferviceable to his own country when an oc- 
cafion of being fo offered itfelf. The Britiffi m.mftry 
had been informed, that ffiips of war, for the trench, 
had been built and fitted out in the fea-ports of Kagu- 
fa and had fio-nified their difpleafure on that account. 
This occafioned uneafinefs to the fenate of Ragufa, as 
their fubjeAs are very fea-faring, and much employed 
in the carrying-trade ; and therefore it would have been 
inconvenient for them to have.caufed any difgufl againlt 
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 headj 

Bofcovidi 
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Cnfcovich. and with this defire he complied cheerfully on many ac- 
■—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 prelident 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 tybo. 'This is 
one of his works on which he himfelf put the greatefl 
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 correft : a 
tranflation of it into French has likewife been publifhed 
at Paris. In this very elegant Latin poem he gives 
an exact compend of aftronomy, which ferves as an in- 
trodu&ion to the fubjedt; he then explains all that be- 
longs to the dodtrine of eclipfes, and their ufe 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 difiribution of light refradled 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 {he is eclipfed, of which a fufficient explication 
had not before been given : this the author draws from 
the fundamental dodlrine 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 
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, whilll 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 tranftt of Venus, which was to happen in the 
year 1762; but being otherwife engaged, he could not 
accept of that invitation? 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 conduced 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- 
tory of the Royal College of Brera. About the year 
1770, the Emprefs Queen made him profeffbr 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- 
redion, 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 fenlible afflidion. In the year 1773, the 
fociety to which he belonged, and to which he 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- 
tindion : and, after fome deliberation, he chofe Paris 
for h is 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 not 
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 perfeding 
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 miniffers, both of France and of other nations. 
But the greateft men are not exempt from being en- 
vied. Some of the French were difpleafed that a fo- 
reigner fhould appear fuperior to themfelves ; others of 
them could not forget that Bofcovich had difcovered 
and expoled 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 revifxt his friends in Italy; for which purpole 
he obtained leave of abfence for two years. 

The firft placq in Italy in which he made any flay 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 compofes five volumes in large ottavo, 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- 
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Bofcovich. city of thofe which art to be ufed in achromaticai teie« 
‘"““’"'V'"*' fcopes; the corrc£i:ions to be made in ocular lenfes, and 

the errors of the fphericity of certain glafles ; the caufes 
which hinder the exaft 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 objeftive glafs and the place of the image ; a new 
kind of objective micrometers; the defedts and inutility 
of a dioptrical telefcope propofed and made at Paris, 
which gives tvro images of the fame objedf, the one di- 
redt, the other inverfe, with two contrary motions of 
moveable objedls ; maffes floating in the atmofphere, as 
hail of an extraordinary fize, feen on the fun with the 
telefcope, and refembling fpots ; the aflronomical re- 
fradtions, and various methods for determining them ; 
various methods for determining the orbits of comets 
and of the new planet, with copious applications of thefe 
dodfrines to other allroncmical fubjedts, and Hill more 
generally to geometry and to the fcier.ce of calculation; 
the errors, the redfifications, and the ufe of quadrants, 
of fextants, of aftronomical fedfors, of the meridian line, 
of telefcopes called the inftruments of tranfits, of the 
meridian, and of the paralladiic machine ; the trigono- 
metrical differential formulae, which are of fo much ufe 
in aftronomy ; the ufe of the micrometical rhombus, ex- 
tended to whatever oblique pofition ; the error arifing 
from refradfions in ufing the ailronomical ring for a fun- 
dial, and the corredfion 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 by the author, and now perfected ; 
the greateft exadfnefs pofiible in determining the length 
of a pendulum ofciilating every fecond of middle time 
by the comparifon of terreflrial and celeftial gravity ; a 
compend of aftronomy for the ufe of the marine, con- 
taining the elements of the heavenly motions, and of 
the aftronomical inftruments to be explained to a prince 
in the courfe of one month ; a method for determining 
the altitude of the poles with the greateft exadfnefs, 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 corredfing 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 corredfing the ele- 
ments of a planet by three obfervations ; the projedfion 
of an orbit inclined in the plane of the ecliptic; the pro- 
jedfion of an orbit inclined in any other plane ; the cal- 
culation of the aberration of the ftars, arifing from the 
fucceflive propagation of light; fome beautiful theorems 
belonging to triangles, which are of great ufe in aftro- 
nomy, reduced to moft Ample demonftrations. 

After having feen the impreflion of thefe five volumes 
finifhed, Bofcovich left Baffano, 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, 
■aud applied to the xevifing of feme of his old works, 

and to the compofing of new ones. He fet himfelf par- Bofcovick 
ticularly to prepare annotations and fupplements to the li"—■\r—J 

remaining two volumes of Stay’s Modern Philofophy, 
which he had not had time to publilh fooner, and which 
he lived not to publiflr. 

He was happy at Milan in the neighbourhood of 
Brera, where was his favourite oblervatory; 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 commiffion, which might be a pretext to him 
for remaining at Milan : but he was afraid that the pro- 
pofal of never returning to France might appear indeli- 
cate and ungrateful to a nation from which he was re- 
ceiving conliderable 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 afliftance, of which he had always been 
very diffident. It may alfo be that his long and in- 
tenfe 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 reafonitig to 
his ordinary fellow-creatures, was much inferior to eve- 
ry one of them who is endued with the right ufe of the 
underftanding. He 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, in the 76th year of his age. 

He was tall in ftature, of ^robuft conftitution, of a 
pale complexion. His countenance was rather long, 
and was expreffive of cheerfulnefs and good humour. 
He was open, lincere, communicative, and benevolent. 
His friends fometimes regretted that he appeared to be 
too irritable, and too fenfible of what might feem au 
affront or negleft, which gave himfelf unneceffary un- 
eafinefs. He was always unftained in his morals, obe- 
dient to his fuperiors, and exaft 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 foolilh pride of unbelievers, and being 
fully perfuaded that we cannot make a more noble ufe 
of our underftanding than by fubjedfing it humbly to 
the authority of the Supreme Being, who knows num- 
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Bofcovith. berlefs truths far beyond the utmoft hunts of our nar- were performed for hint with great folemnity by order Eofe"11'", 

V row comprehenfion, and who may juftly require our of the fenate, who afiifted 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 fcription to his honour, engraved on marble, was placed 
through Europe, and more than ordinary refped has in the principal church of their city. Of this infcrtp- 
been paid to his memory. At Ragufa funeral exequies tion the following is a copy : 

Boscovichii Elogium Ragusze, 
Marmore Infculptum. 

, Rogerio. Nicolai. F. Boscovichio, 
Summi. Ingenii. Viro Philofopho. Et. Mathematico. Praeftantifiim© 

Scriptori. Operum. Egregiorum 
Res. Phyficas. Geometricas. Aftronomicas 

Plurimis. Inventis. Suis. Auftas. Continentium 
Celebriorum. Europae. Academiarum. Socio 

Qui. In. Soc. Jefu. Cum. Eflfet. Ac. Romas. Mathefim. Profiteretur 
Benedidlo. XIV. Mandante 

Multo. Lahore. Singulari. Induitria 
Dimenfus. Ell. Gradum. Terreftris. Circuli 

. Boream. Verfus. Per. Pontificiam. Ditionem. Tranfeuntis 
Ejufdemque. Ditionis. In. Nova. Tabula. Situs. Omnes. Defcripfit. 

Stabilitati. Vaticano. Tholo Reddundse 
Portubus. Super!. Et. Inferi. Maris. Ad. Juftam. Altitudinem. Redigendis 

ReftagnantibuS. Per. Campos. Aquis. Emittendis. Commonltravit. Viam 
Legatus. A. Lucenfibus. Ad. Francifcum. I. Casfarem. M. Etruria;. Duceia 

Ut. Amnes. Ab. Eorum. Agro. Averterentur. Obtinuit 
Merito. Ab. lis. Inter. Patricias. Cooptatus 

Mediolarum. Ad. Docendum. Mathematicas. Difciplinas. Evocatus 
Braidenfem. Extruxit. Inllruxitque. Servandis. Allris. Speculam 

Deletse. Turn. Societatu Suae. Superlles 
Lutetiae. Parifiorum. Inter. Galliae. Indigenas. Relatus 

CommilTum. Sibi. Perficiundse. 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. Chriilianarum. Virtutum 
Veraeque. Religionis. Studiofum. Prae-fe-tulit 

Ex. Gallia. Italiam. Revifens. Jam. Senex 
Gum. Ibi. In. Elaborandis. Edendifque. Poftremis. Operibus 

Plurimum. Contendilfet. Et. Novis. Inchoandis. Ac. Veteribus. AbfolvendiS 
Sefe. Adcingeret 

In Liuturnum. Incidit. Morbum. Eoque. Obiit. Mediolani 
Id. Feb. An. MBCCLXXXVII. Natus. Annos LXXV. Menfes IX. Dies II 

Huic. Optime. Merito. De. Republica. Civi 
Quod. Fidem. Atque. Operam. Suam. Eidem. Saepe. Probaverit 

In. Arduis. Apud. Exteras. Nationes 
Bene. Utiliterque. Expediundis. Negotiis 

Quodque. Sui. Nominis. Celebritate. Novum. Patria;. Decus. Adtnlerit 
Poll. Funebrem. Honorem. In. Hoc. Templo. Cum. Sacro. Et. Laudations 

Publice. Delatum 
Ejufdem. Templi Curatores 

Ex. Senatus. Confulto 
M. P. P. 

This infcription was compofedby his friend and coun- 
tryman the celebrated poet Benedift Stay. Zamagna, 
another of his countrymen, who had likewife been his 
fellow jefuit, publilhed a panegyric on him in elegant 
Latin. A Ihort encomium of him is to be found in the 
EJiratto della Litteratura Europea ; and another, in form 
of a letter, was direfted by M. de la Lande to the Pa- 
rifian journak-fts, 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 publilhed at Milan by the Ahbate Ricca ; 
and a fourth at Naples by the Dr Julius Bajamonti, of 
which a fecond edition was made in the year 1790. Of 
this lall chiefly ufe has been made here. 

But what mull: fecure to Bofcovich the elteem of pof- 
terity are his works, of the greater part of which we 

have- 
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Bofcovich. have already taken notice. We have mentioned, i. 

Elements of Mathematics, with his Treatife on Conic 
Sections; 2. His many differtations publiihed during 
his profefforihip in the Roman college ; 3. His account 
of his Survey of the Pope’s Eftate ; 4. His Theory of 
Natural Philofophy ; 5. His Poem on the Eclipfes ; 
6. His five volumes printed at Baffano. 

To thefe we may add his hydrodynamical pieces. He 
had made a particular lludy of the force of running wa- 
ter, and of its effects in rivers ; and he was often con- 
fulted concerning the heft 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 project of 
turning the navigation to Rome from Fiumicino to Mac- 
carefe ; 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, almoft all which were 
printed. He had likewife received a commiffion from 
Clement XIIL 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.hre 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 erected according to his directions. 

His application to abftrufe ftudies did not hinder 
him 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 
his time upon the Tufculan Hill, and on an ancient dial 
found there; which differtation was publiihed 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- 
fcript 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. 

It now remains that we give an account of his 
Theory of Natural Philosophy ; and in doing 
this we lhall, in thefir/l place, lay before our readers a 
view of this fyftem. We (hall, in the fecond place, re- 
late, from what principles and by what fteps it was de- 
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His duced. We {hall, thirdly, take notice of the principal Bofcovicii't 

objections made to it, and fubjoin the author’s anfwers syrteni of 
to the fame. We {hall, (hew how happily it 
may be applied to explain the general properties of mat- —— 
ter, as ■well as the particular qualities of all the claffes 
of bodies, which have been examined according to what 
it teaches. r 

I. In this fyftem, therefore, the whole mafs of matter, View of 
of which all the bodies of the univerfe are compofed, ^ofcovich** 
confiffs of an exceeding great, yet Hill finite number °f n^ru^i0^ 
fimple, indivifible, inextended, atoms. Thefe atoms are philofophy 
endued with repulfive and atlraftive 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 repulfive force increafes beyond all li- 
mits as the diffances are diminifhed, and is confequent- 
ly lufficient for extinguilhing the greateff velocity, and 
for preventing the contaCI of the atoms. In the fen- 
iible diftances, this force is attraBive and decreafes, at 
leaft fenfibly, as the fquares of the diftances increafe, 
conftituting univerfal gravity, and extending beyond 
the fphere of the moll diilant comets. Between this 
innermoft repulfive force and the outermoft attractive 
one, in the infenfible diftances, many varieties and chan- 
ges of the force, or determination to motion, take 
place : for the repulfive force decreafes as the diftance 
increafes. At a certain diftance it comes to vanifh en- 
tirely ; and, when that diftance is increafed, attraction 
begins, increafes, becomes lefs, vanifhes; and the diftance 
becoming greater, the force becomes repulfive, 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 paffing 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 injinitum. Befides thefe repulfive and attradive for- 
ces, our atoms havt! that cvis Inertia which is admitted 
by almoft all modern philofophers. Thefe atoms, en- 
dued with thefe forces, conftitute the whole fubftance 
of Bofcovich’s fyftem; which, however fnnple and fhort 
it may appear to be, has numberlefs and very wonder- a 
ful confequences, as we fhall 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 wellhre^Jk 
accommodated to that purpofe. The right line C AC c?j 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. 6. 
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 be afymptotical, 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, IKE, LMN, NOP, PQL. 
At laft it goes on in T /> x 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, bt d, we raife the 

per- 
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Br.fcovJeh’s perpendiculars a g, b r, d h, the fegments of the axis 
Syftem of A a, A 3, A d, are called abfcijfes, and reprefent the dif- 
Nat“r^ tances of any two points of matter from one another; 

_1>0°P Y.' and the perpendiculars ag, b r, d h, are 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 leflened 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 ftillbe 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 direction in- 
to b h, and, on the oppofite fide, will increafe at firff 
to F, then it will decreafe through i l as far as G, where 
it will again vaniih, and again change its direftion in 
m n to the former; and that, in the fame manner, it 
will vanifh and change its direftions in all the fe&ions 
1, L, N, P, R, until the ordinates op, vs, become of a 
conftant direction, and decreafe, at ieaft 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 firft repulfive and increafing 
beyond all limits, the diftances being leffened in like 
manner, and which decreafe, the fame diftances being 
augmented; then vaniih, 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 
er decreafe rapidly, as in y u, ss t, or flowly, as in v x, 
a 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 fhews 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 fatisfadlion to our readers, and to 

3 do juftice to the theory. 
The fimpli- Wherefore, from w-hat we have feen, the curve muft 
city of this have the following fix conditions : \f. It muft be regular 

Ted6 Pr°" ancl fimP‘e’ anvi not of an aggregate of arches 
of different curves, 'idly. It is neceffary 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. 
d'thly, That if we take equal abfciffes on each fide of A, 
they have equal ordinates, ^tbly, That the right line 
AB be an afymptote, the area BAED being afympto- 
tical, and confequently infinite, (ithly. 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 expreffing 
the nature of a curve line that would anfwer all thefe 
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fix conditions, let us call the ordinate y, the abfcifs #, Bofcovich’s 
and let it be made x x ■=. %. Then let us take the values S^m ^ 
of all the abfciffes AE, AG, AI, &c. with the nega-phil” £r

p
a
hy< 

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 products of every three, c, 
and fo on ; and let the product of all of them be cal- 
ledy, and the number of the fame values m. All this 
being fuppofed, let it be made %m a * w—«+ b% m~z 

c z m~3 &c. 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, See. which will be the values 
of s ; and therefore, as it is jc cr: r±r nf z, becaule it is 
jc * =: k, it is likewife clear that the values of x will be 
both AE, AG, AI, pofitive, and A'E', 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 vaniftiing, it likewife might vanifii ; 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 xr g zr—1 -f /j £ ''~2 &c. + /,* 
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, AI, &c. 
either pofitive or negative. If then the whole formula 
be multiplied by z, let this product be called 

If we make P—— 0, 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 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 
GAC in all the points E', G, I, &c. and G'j.&c. and in 
them only t for it will cut that axis only in thofe points 
in which y =r 0, and in all of them. Moreover, where 
it will bey = 0, it will alfo be Q_y zz 0; and therefore, 
becaufe of P—Q^_y ~ 0, it will be P = 0. But this 
will happen only in thofe points in which » 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', &c. : 
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 =0; but it will not be Q_= 0, feeing there is 
no common root of the equations P =: 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-Qjc r= 0, it will bey = 
Ql 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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P< fcftvich’s providing it be of tlie fame length, ftill the value z zs xx 
Syftetn of wj]i lie the fame, and therefore the values of both P 

and Q will be the fame : wherefore y will ftill be the 
fame. Taking, therefore, equal abfcifles k on both 
ftdes of A, the one pofitive, the other negative, they 
will have equal correfponding ordinates. This is the 
fourth condition. 

If x be leffened beyond all limits, whether it be po- 
fitive or negative, z likewife will be leffened beyond all 
limits, and will become an infinitefim of the fecond ol- 
der wherefore, in the value P, all the terms will de- 
creafe in infinitum, except in y, becaufe all the reft be- 
iides 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 a, will be leffened in infinitum, and 

will be an infinitefim of the fecond order : therefore q-^ 

— y will be augmented in inf nit um, 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 
BAED 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 he on the 
fame fide AB. This is the fifth condition. 

Now the value Q_can be varied in infinite manners ; 
fo that ftill the conditions for which it was afiumed may 
be fulfilled; and therefore the arches of thecurve in- 
tercepted by the interfe&ions may be varied in infinite 
maimers ; fo that the firft five conditions of the curve 
may be iuiDlemented: 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 pleafe, and as near one ano- 
ther ; it will be eafy to affume fuch a value of P, that 
the curve ihall pafs' through all thefe points, and the 
fame may he varied infinitely ; fo that ftill 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 
muff be the ordinates of the curve that is iought; and 
let the abfciffes from A to the faid ordinates be called 

M?, &c.- and the ordinates 'N'/N1, 'N3, &c. 
Let there now be taken a certain quantity Azr -f Bz.' ~I 

C2;r~M-G&, and let this quantity be fuppofed equal 
to R. Then let another fuch quantity T be affumed, 
fo that z vanifhing, whatfoever term of it may vamlh, 
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 Qj= R-'-l, and then the 
equation of the curve will be P—Ky — ’Yyzzo. Af- 
ter this, let there be put in the equation Mi, M2, M3, 
fucceffively for *, and N1, N2, N3, Sic. for y ; we will 
have a number of equations equal to r, which will con- 
tain the values of A, B, C, G, each of them of one 
dimenfion, in number likewife equal to r ; and, belides, 
we will have the given values of Mi, M2, See. Ni, N2, 
Nt, Sic. and the arbitrary values which in T are the 
coefficients of z. 

By thefe equations, which are in numbep r, it will Bofcovieh 
be eafy to determine the values A, B, C, . . G, which j 
are likewife in number r, affumiug in the firft equation, 
according to the ufual method, the value A, and fub- ^ 
ftituting 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—Ry—Tyrro, or P—. 
Q^yrro-, it is clear that the values Mi, M2, M3, See. 
being fucceffively put for w, the values of the ordinate 
y muft fucceffively be Ni, N2, N3, &c. ; and, there- 
fore, that the curve muft pafs through thefe given points 
in thofe given curves ; and ftill the value Q^will have 
all the preceding conditions. For z 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 z ; and, belides this, there 
will be no common divifor of the quantities P an dCL, 
feeing there is none of the quantity P and R-f I. 

But if two of the neareft of the points affumed in the 
ai-ches of the curves, on the fame fide of the axis, be fup- 
pofed to accede to one another beyond whatever limits, 
and at laft to coincide, which will be done by making 
two M equal, and likewife two N equal; then the curve 
fought will touch the arch of the given curve ; and if 
three fuch points coincide, they will ofculate it: nay, as 
many points as we pleafe may be made to meet together 
where we pleafe ; and thus we may have ofculations 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 diftances we pleafe, to what- 
ever arches of whatever curves, and yet ftill preferving^ 
all the fix conditions required for expreffing the law of 
the repulfive and attradive forces. And whereas the 
value of T can be varied in infinite manners, the fame 
may he done in an infinite number of ways ; 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 leait ac- 
quainted with high geometry, that Bofcovich’s curve is 
fimple, regular, and uniform ; and that therefore the 
law of repulfive and attradive forces, expreffed by it, is 
fimple and regular. 

II If this fyftem were a mere hypothefis, it would 
ftill be very ingenious, and, from what we fhall fay af- 
terwards, would ftill 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 Arid reafoning, from 
evident principles. We (haft 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 viv<e, he came to coniider the theory 
the collifion of bodies, and took for example two equal 
bod ies , \ proceeding with fix degrees of velocity, and 
B following with the velocity of 12 : after the colli- 

fion, 
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Bafcovich’s/ion, they proceed jointly with the common velocity 
Syftem of 9> Now, in the moment of collifion, it either happens 

Philofopti) t^iat & pafles abrubtly from the velocity 6 to the velo- 
■ —^ city 9, without palling through the velocity 7 and 8, 

and B pall'es 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 conta6l. In the firll cafe, the law 
of continuity is broken ; in the fecond, immediate con- 
tact of bodies would be rejedted. Maclaurin law this 
dilliculty, 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- 

^ thematically, but only phylically and fenfibly to us. 
The law of The law of continuity is that by which variable quan- 
continulty titles, pajjing from one magnitude to another, pafs through 
proved a][ intermediate magnitudes, without ever abruptly puf- 

fing over any of them. This law Bolcovich proves to 
be univerfal, in the firll place, from indudlion. Thus 
we fee that the diltances of two bodies can never be 
changed without their palling through all the inter- 
mediate diltances. We fee the planets move with dif- 
ferent velocities and diredlions ; but in this they Hill 
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 elallicity and magnetifm. No body becomes more 
or lefs denfe without palling through the intermediate 
denfities. The light of the day increafes in the morn- 
ing and decreafes at night through all the intermediate 
pollible degrees. In a wqrd, if we go through all na- 
ture, we lhall fee the law of continuity ftri&ly take 
place, if all things be rightly conlidered. It is true, 
we fometimes make abrupt palfages 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 Ihorter than the for- 
mer, palling all at once, in our way of fpeaking, round 
the globe ; but if we take all the longitudes, "we lhall 
find days of all the intermediate lengths. We likewife 
fometimes confound a quick motion with an inllantane- 
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 rarefaftion 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 fatisfaCtion. 
Abreachof But however llrong this argument from judgment 
thi> kw may appear to be, yet Bofcovich goes farther, and 

maintains, that a breach of this law, in the proper cafes, 
is metaphyfically impolfible. This argument he draws 
from the very nature of continuity. It is elfential 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 inllant. 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 
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impoflible. 
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abrupt paflage from one magnitude to another, without Bofcovich'* 
palfing through the intermediate magnitudes. As we syftcm 

cannot pafs from the lixth hour to the ninth without phUofophy. 
palling through the feventh and eighth ; becaufe, if we ■■ ^ P > 
did, there would be a common limit between the fixth 
hour and the ninth, which is impoflible: fo likewife you 
cannot go from the diftance 6 to the dillance 9 without 
palfing through the diftanr.es 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 impolfible. 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 palfing through the denfities 7 and 8 ; 
becaufe, in the abrupt palfage, there would be two den- 
fities, 6 and 9, in the fame inftant. The body mull 
pafs through all the intermediate denfities. This it may 
do quickly or llowly, but ftill it mull 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 Obje(Stion* 
paflage from non-exiflence to exiftence P No, there is not;t0 this law 
becaufe before exiftence a being is nothing, and there-anfwere^* 
fore incapable of any Hate. In creation, a being does 
not pafs from one ftate to another abruptly ; it palfes 
over no intermediate ftate: it begins to exift and to 
have a ftate, and exiftence is not divilible. Do we not, 
at leaft, allow of an abrupt palfage from repulfive to 
attradlive forces in our very theory itfelf? We do not. 
Our repulfive forces diminilh, through all the interme- 
diate magnitudes, down to nothing ; through which, 
as a limit, they pafs to attradlion. In the building of 
a houfe or flop, neither of them is augmented abruptly; 
becaufe the additions made to them are efle&ed folely 
by a change of diftanees 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. g 

Let us now apply this doarine to the cafe aboveimpofllbi- 
mentioned of the collifion of two bodies. We fay thatlhy of con- 
the body B cannot pafs from the velocity 6 to the ve-ta<ft be" 
locity 9 without palfing through the velocities 6 and 7; ^en bo‘ 
becaufe if it did, in the moment of contaa 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 ablual 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 
impolfible. 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 contact; but 
their velocities mull undergo the fuccelfive neceffary 
change before contact. And as the velocity to be ex- 
tinguilhed may be increafed beyond all limits, an ade- 
quate caufe to effedt this extin&ion mull be admitted. 

This naturally leads us to the interior repulfive forces R u- 
of our fyllem ; for the caufe retarding the one body forces 3 

and accelerating the other mull be a force, becaufe by 
this we mean a determination to motion ; and it mull 
be repulfive, becaufe it ads/row the body j and it mull 

O increafe 
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increafe beyond all limits, feeing tbe velocity of the in- for the effence 
curring bodies may be increafed beyond all limits. It 
mull likewife be mutual, becaufe adlion and rea&ion are 
always equal, as may be proved by induftion. 

From thefe repulfive forces Bofcovich deduces the 
inextenfion of his atoms : for this repulfion being com- 
mon to all matter, mu it caufe a perfedt fimplicity in the 
firil 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 paffage 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 tbe extenfion of the firit 
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 Hill 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 fimple 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 iimple, and there- 
fore inextended (a). 

With regard to the exterior attraftive forces of our 
fyftem, there can be no queftion ; feeing they conttitute 
univerfal gravity, the effedfs of which we fee and feel 
every day. But between the interior repulfive and ex- 
terior attraaive forces we mull admit many tranfitions 
from repuliion to attraftion, and from attraaion back 
to repulfion, in infenfible dillances, which are indicated 
to us by cohefion, fermentation, evaporation, and other 
phenomena of nature. And thus we have given, in 
ffiort, 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 ohjeaions againft it have been 
propofed. Some are ftartled at the rejeaion of all imme- 
diate contaa 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 therefore 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 
inextended atom, and that Bofcovich reduces all mat- 
ter to nothing ; but certainly extenfton is not neeeflary 
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of a being, as muft be allowed by all Bofcovich'! 

thofe who hold that fpirits are inextended. Becaufe 
all the bodies that fall under our fenfes are extended, wephilofophy 
are apt to look upon extenfion as eflential to matter; 
but this error may be corre&ed by refledlion, 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 laid, 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 ; hut in this, that the atoms of 
matter are endued with repulfive and attractive 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 ariie 
from inextended elements. 

It has been objeded likewife, that our repulfive and 
attractive forces are no better than the occult qualities 
of the Peripatetics. The like objeftion has been made 
to Newton’s attra&ion ; but the anfwer is eafy. We 
obferve the effeCts, 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 feme 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 fhow a 
good reafen why fome dficince may not occafion motion 
as well as no difiance ? Thefe are the principal objec- 
tions that have been made againft the Bofcovichian 
fyftem. , *3 

IV. Before we proceed to the explication of pheno-Obfem- 
mena by means of our theory, we muft advert, that jn^"n

ar(it0 
the curve expreffing this theory, the abfciiles denote ^ cUrve 
the diftances between the atoms that are under confi- 
deration ; the ordinates give the prefent/orre, and the 
area between any two of thefe ordinates gives the fquaie 
of the velocity generated between them; the arches are 
either repulfive or attra&ive, 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 paflages 
from one fide of the axis to the other. Sometimes the 
paffage is from repulfion to attraction, at other times 
from attraction to repulfion. The firft are called fenrfJ Limits ol 
of cohefton, hecaufe a particle removed from that limit cohefion, 
returns back to it ; becaufe if it is removed to a greater * 
diftance it is attrafted back, and if it is removed nearer 
it is repelled back. The fecond are called limits of non. cohefion i 

(a) If a particle of matter is not extended, in what refpea does it differ from a point of fPa<* • Sy. - 
^ich it is endowed with attractive and repulfive forces. What is this 1/ before it is thus endowed ? Hoesut 
differ from a point of fpace l We can form no notion of any fuch difference. But a point of fpace, conftdered 

individual is diftinguilhed from, another individual only by its htuation ; it is therefore immoveable, b 
matter is moveable. Have thefe forces, then, which make matter an objeft of fenfe, any febftratum, any thing 
in which they are inherent as qualities l What are the things which thefe qualities diftinguilh from each othe 
individuals? 
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Bofcovich’s cohefion ; becaufe a particle removed thence to a great- 
spftern of er diltance Is repelled ftill further, and if removed near- 
Natural er js attradled ftill nearer. Of the firft kind are 

Phi.ofophy. -p ]sf. 0f the fecond are G, L. Likewife, when the 

curve touches the axis, it may either be an attra&ive 
part of the curve, or a repullxve 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 effe&s 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- 
tract 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 
fmall 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 fubje&s, ^nd 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 

t6 planets, central bodies, the whole univerfe. 
fhe fyftem But to be more particular, our author proceeds to 
ipplied to apply his fyftern to mechanics, and demonllrates, with 
iccount for ufual accuracy and originality, what regards the 

centre of gravity, aftion and readtion, the collifion of 
bodies, the centre of equilibrium, and of ofcillation. Of 
thefe fubjedls he treats in the fecond part of his Theoria; 
to w’hich we muft refer our learned readers, as it cannot 
be eafily abridged. 

In the third part of the fame work he proceeds to 
17 account for the general properties of matter, beginning 

mpenetra- with impenetrability. This naturally flows from the in- 
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of cohefion ; for when two atoms are placed in a limit Bofcovich’e 
of that kind, they neceffarily cohere more or lefs llrong- syftem 

ly, according as that limit is ftronger or weaker. From 

lility, 

j8 
pohelion, 

terior repulfive forces, which prevent the compenetra- 
tion of any two points. Befides, as the leall 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 adtion. 
Thus an iron ball may pafs fwiftly near a ftrong mag- 
net, without being fenfibly attracted 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. Of this kind of compenetration we 
have a refemblance in light paffing through pellucid bo- 
dies. 

Cohefion has never been well accounted for by any 
philofopher before Bofcovich. From his fyftem it fol- 
low’s naturally, as we have feen in fpeaking of the limits 
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the cohefion of the atoms arifes the cohefion of com- 
pounded particles, and confequently of fenfible bodies. 

From the cohefion of particles arifes the extenfion of Extenfion 
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 fmall intermediate diftance between the parts of fome 
bodies, and much lefs the diftances between the fimple 
elements of which they are compofed. 

Extenfion of bodies involves jigurability; becaufe eve- 
ry extended body muft be furrounded by fome fuperfi- 
cies of a certain figure ; but the fuperficies 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, notwithftand- 
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 w’e come to the confideration of denjity. 
That body is moft denfe which contains in the fame 
fpace the greatefl number of atoms, and vice verfa. 

This denfity may be increafed beyond any given li- 
mits by the nearer approach of the atoms to one ano- 
ther. Hence a body of any given magnitude, however 
fmall, 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 
branch of our theory. On w’hich fubjedf it may be ob- 
ferved, that perhaps our curve, after it has extended 
beyond the fphere 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 effedfually anfwer the objedion made by 
fome againft Newton’s attraftion, when they allege, 
that, from his opinion, it w’ould follow, that the fixed 
ftars, and all matter, w’ould be drawn together into one 
mafs. If fuch a repulfion takes place, it may foon pafs 
again into attradion, 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 fmall 
part of the w’hole univerfe. And this may fuffice con- 
cerning the general properties of matter. 

Let us 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 obftruded. Between the 
particles of fome of them there is very little attraction, 
as in fine land or fmall grains of feed, which approach 
much to fluidity. The particles of fome others of them 
attrad one another fenfibly, as do thofe of water, and 
ftill more thofe of mercury. This variety arifes from 
the various combinations of the particles themfelves, of 
which we have already taken notice. But in air the 
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particles repel one another very flrongly ; and hence 
comes that great rarefa&ion, when it is not comprefled 
by an external force. Its particles muft be placed in 
ample limits of repulfion. 

Solid bodies are formed of parallelepipeds, fibres, and 
of irregular figures. This occafions a greater cohelion 
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, whole 
particles are placed in limits which have ftrong repul- 
five arches within them ; others are fofter, whole parti- 
cles have thofe arches of repulfion weaker. Some are 
flexible, the particles of which are placed in limits that 
have wreak arches of repulfion and attraction on each 
fide ; and if thofe arches are Ihort, 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 a<5fc, and bring back the body to 
its former pofition ; nay, in doing this with an acct-le- 
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 Hand in the middle between folid and 
fluid. Their particles have lefs cohefion than the firft, 
and more than the fecond •' they ilick to other bodies 
by an attraftion 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 refpeftive 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 attratt another- in 
one part only, and repel it in every other fituation, 
hence may be gathered the orderly lituation 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 are 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 lhall 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 attraftive forces ceafe on account of the different 
diftances, and no more of the folid is detached. Then 
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 Bofcovich'i 
air, which is more ftrongly attra&ed by fome other par- syfam of 
tides flowing in the atmofphere. . PhiSl 

fluids of the fame fpecific gravity are ealily mixed ; * ^ r J 
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, whofe particles, by the variety 
of their compofition, are endued with different forces, 
come to be mixed, there muft arife an agitation of the 
parts, and an ofcillation among them; fometimes great- 
er, fometimes lefs, according to the nature of the par- 
ticles. This agitation is ftopped 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. jg 

Fire coniifts in a violent fermentation of fulphure-Fireandfu. 
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 ftate of fu- 
fion ; the cohefion between their parts being broken, 
and they being thrown into a circular motion. In this 
ftate they may be often mixed together, fo as to form 
one body ; they may be again feparated by the aftion 
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 hidden 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. jj 

Bofcovich holds, that light is an effluvium, emitted Light, 
with great velocity from the luminous bodies by a 
ftrong repulfion. He explains all the molt remarkable 
properties of this extroardinary matter according to his 
own principles, and that with great acutenefs. On this 
fubjetl 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. _ 

Our author gives likewife a probable explication of£ie(ftricity 
eleCtricity, according to Franklin’s ingenious hypothe-and mag- 
fis, and likewife of magnetifm, deducing the whole ofnedfa. 
the appearances from various attractions and repulfions. 

He 
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'‘I Uofoovieh’s He fuppefes that fire and the electrical fluid differ only 
J1” Syftem of jn gre js jn a<3;ual fermentation, and not fo 
i pSi.the elearical fluid. _ 
<<3 > Finally, he explains our bodily fenfations, in which 

he agrees pretty much with other philofophers ; except- 
ing in this, that what they attribute to the immediate 
contaa of bodies, or of certain particles emitted from 
them, he afcribes to attraaions and repulfions ; 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 firff 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 
fo coherent as to be infeparable by any power in na- 

Reconcilia- ture. By thefe means the opinion of thofe philofophers, 
lion 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 inconfiftency ; and his repulfive and 
attractive forces may ferve for their fuljlantlal forms. 
And as God can make impreffions 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 conjeCture from what 
he fays in his laft queftion of optics ; where, after ha- 
ving mentioned thofe things which might be explained 
.by an attradive force, fucceeded by a repulfive one on 
a change of the diltances, he adds, “ And if all thefe 
things are fo, then all nature will he very fimple, and- 

confiftent with itfelf, effecting 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- 
cles.” And a little after, treating of the elementary 

Specially particles, he fays: “ Now it feems that thefe elemen- 
that of tary particles not only have in themfelves the vis inertia, 

and thofe paffive laws of motion which neceffarily arife 
from that force, but that they likewife perpetually re- 
ceive a motion from certain aftive principles; fuch as 
gravity, and the caufe of fermentation, and of the 
eohefion 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 exiit, the phenomena of na- 
ture fliew, 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 twro or three general principles of mo- 
tion from the phenomena of nature, and then to explain 
how the properties and aftion 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. 

35 

■Newton. 

Wherefore I do not hefitate to maintain the above faid Bofcovkh’a 
principles of motion, feeing they extend widely through 
all nature,” From this paifage we may fafely conclude, philofophy. 
that the great Britiffi philofopher would have been 1 1-- > 
highly pleafed, had he feen all nature fo well explained 
by the one fimple law of forces propofed by the Ragu- 
fan. 35 

Bofcovich himfelf was fo fully convinced of the truth Compari- 
of his fyftem, that, he was wont to make ufe of the fol-*on of this 
lowing comparifon : When a letter has been written in ^ T^ 
occult charatters, and we are endeavouring to decypher a Cypher» 
it, we make various fuppolitions of alphabets; and 
when we have found one according to wdiieh the wbole 
letter comes to have a reafonable meaning, agreeable to 
all the circumftances of time, place, perfons, and things, 
we can entertain no doubt of our having difcovered the 
true key of the cypher—fo, faid he, my fyftem explains 
fo well all the phenomena to which it has been properly 
applied, that I mult flatter myfelf that I have difcover- 
ed the true key of nature. 

The being accuftomed to contemplate fo deeply the Exigence 
univerfe and the materials of wftiich it is compofed, made of God, 
Bofcovich fee molt clearly the evident neceffity 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 
was at a lofs to find words ftrong 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 us his fentiments on this, the molt important 
of all fubje&s, in the appendix to his Theoria, in which 
he treats of God and of the foul of man. 

There, in the firft place, he fhows the abfurdity The world 
their opinion, who maintain that this world may have cannot be 
been the wrork of chance, the effect of a jumble of felf-the effedt of 
exiftent, felf-moving atoms ; becaufe chance is an empty chance; 
word wuthout a real meaning. Whatever exifts 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 poffible 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 
diredtions. From all this it is evident, that the combi- 
nations in wdiich 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 wmiild be affignable 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 $ therefore the atom could never have come to its 

prefent 
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Bof ovich’s prefent place ; and therefore the fuppofition is abfurd. 
isyftem of Nothing fucceffive can be eternal with a />a/2 eternity, 

Phibfo di though it can continue without end. God alone can . 11 Y'he eternal and adlually infinite; but his eternity and 
infinity are beyond our comprehenfion. 

Neither can the world have exilted of itfelf in any 
thing like to its prefent form from all eternity; for 
inciter is perfectly indifferent to numberlefs ftates, and 
to its prefent Hate it muff be determined. This prefent 
ffate is perfectly incapable of determining itfelf, becaufe 
this determination muff be previous to its exiftence. It 
muff be determined by the preceding Hate, which is al- 
fo incapable of determining itfelf, and for its determina- 
tion we muff have recourfe to the ftate 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 ftate of things could 
have no determination, it could not poffibly exiit. 

.It is therefore evident that there muft be a Determi- 
ner extrinfic to the material word. This Determiner 
muft have an infinite knowledge of all the pofiible com- 
binations, and an infinite eledfive creative power to chufe 
and create freely the combination he pleafed, in that 
point of eternity that he chofe, with all the numberlefs 
.circumftances that are agreeable to him. 

And here what a vaft field of contemplation is laid 
open to a philofophic mind! What a truly infinite 
knowledge was requifite to forefee fo many ends, and 
fo many means requifite 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 
refledtibility and refrangibility, with fo many other won- 
derful qualities ; at the fame time, fo many bodies were 
to be perfedlly fitted for reflefting this light in a cer- 
tain manner, and the animal eye was to be fo formed as 
to have a pidfure of vifible objedts painted on the bot- 
tom of it. — How many particular combinations were 
neceffary for all this ? What fliall 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 adt of 
the Divine Mind. Again, how wonderful are the hea- 
venly bodies, of what furprifing magnitude, moving in 
the moft beautiful order, at an immenfe diftance from 
one another ? To fay nothing of the numberlefs crea- 
tures that are beyond the reach of the beft telefcope, or 
below that of the microfcope. He who refledfs 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 
refpedt for the Creator and Ruler of the univerfe. 

Nor are we unconcerned fpedlators 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 poffible 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 nouriftunent, to our prefervation, to 
our neceffities, conveniences, and gratifications. Every 
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moment that we exift, we are enjoying a great number Boflxoien, 
of benefits, exprefsly defigned for us by that Supreme v~—^ 
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- ReVeiationi 
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 mamfeftation 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 perfedf 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 fad 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 BosHiES-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. JBoJhtnen is a name compofed of 
two Dutch words, which fignify hujh-ment 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, diftinguifli thofe malefaftors 
or affaflins who defert from the colonies, in order to 
efcape punifhment. In a word, they are what in the 
Britifti and French Weft India iflands are called Maroon. 
Negroes. Thefe Bofnmen, therefore, far from being a 
diftind fpecies, are only a promifcuous 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 difcipline, 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 pals 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 is fufficient 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.”—Travels into the Interior Baits of 

^(a)' BOSWELL 

(a) Since this article was firft publifhed, a different account has been given of the Bojhmen or Bojesmans by 
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BoWl. BOSWELL (James), known to the learned world 
*—v—"’/ 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 
^.uchinleck, taken from his family inheritance ; and he 
died in 1782 : on which occafion Dr Johnfon wrote an 
elegant and inftruftive letter to the fubjeft of this brief 
memorial; of which we (hall tranfcribe a paffage that 
alludes to fome (light domeftic differences, which did 
not happen in vain, lince 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 expe&ed ; and as his general life had been 
pious, his thoughts had, doubtlefs, for many years pait, 
been turned upon eternity That you did not find him 
fenfible mud doubtlefs grieve you ; his difpofition to- 
wards you was undoubtedly that of a kind, though not 
of a fond father. Kindnefs, at lead aftual, is in our 
own power, but fondnefs is not; and if, by negligence 
or imprudence, you had extinguhhed 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 poffeflion of a Chinefe gongy and 
at the head of a number, of young men and boys pa- 
trolled the llreets 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 

In 1762 Mr Bofwell made his firft journey to Lon- 
don; where, under the aufpices of Dodfley the bookfel- 
ler, he publilhed, “ The Cub at Newmarket, a Tale.” 
By the title oi Cub he meant to charadlerife.himfelf, as 
the reader will perceive in the following lines, which we 
ftall 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, 
Qn Scotia’s mountains newly caught. 

During his (lay 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- 
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 publiffied, 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 diftinftion 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 hiffory 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 llrongly 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 curiolity 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 illuffrious 
friend Johnfon ;r after whofe death he publifhed a very 
entertaining account of their tour,-the places they faw, 
the charafters with whom they converfed, and their own 
remarks on the different converfations. 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 (ocial circles ; but it Purely fur- 
nilhed 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 (hould pafs into a law * and more than 
infinnates, that the principle of it was equally inimkal 
to the liberties of the fubjedt 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 the king 
is every day treated. Your paper contains very confi- 
derable knowledge of the hittory and of the conffitu- 
tion, very properly produced and applied.” 

In 1785, Mr Bofwell quitted the Scotch bar, and 
went to refide in London, where he continued till, the 
day of his death. Having entered himfelf in one of the 
inns of court, and ftudied 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 dillina 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 
s^ighbouring tribes of people that are more civilizied than themfelves, on the other. 
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BofWell. that his pra&ice there was not fo fuccefsful asSt 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 chara&er, 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 (ketch of Dr Johnfon. My readers 
may wiffi to "know a little of his fellow-traveller. Think, 
then, of a gentleman of ancient blood ; the pride of 
which was his predominant paffion. 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 
flock 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, he often faid things of 
which the effed was very different from the intention. 
He refembled fometimes 

‘ The beft good man, with the worfl-natur’d mufe.* 

He cannot deny himfelf the vanity of finifhing with 
the encomium of Dr Johnfon, whofe friendly partiality 
to the companion of this tour, reprefents him as one 
< whofe acutenefs would help my inquiry, and whofe 
gaiety of converfation, and civility of manners, are fuf- 
ficient to counterad the inconveniences of travel, in 
countries lefs hofpitable 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 charadergood 
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- 
verfation-talents were always pleafing, and often fafci- 
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 delire of knowledge. To it the world is in- 
debted for the moil finiffied pidure of an eminent man 
that ever was executed. We know there are objedions 
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 (hall 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 wi(h 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 againft him, it ffiould not be 
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forgotten that he enjoyed advantages which rendered Botany 
that confpicuous in him from which no man can claim ^ay» 
an exemption. We know not the man who would not ougutl 

have been vain to poffefs fo much of Dr Johnfon’s con- 'r*" 
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 Doftor, however, he 
appeared to his friends to have imbibed a portion of me- 
lancholy, of which indeed he complained himfelf during 
the lall two or three years of his life ; and he flew 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 aftivity of rural life, he 
might, probably, have lengthened his days. But as his 
“ belief in revelation was unfhaken,” and his religious 
impreffions deep, and recurring frequently, let us hope 
that he has now attained that date from which imper- 
feftion and calamity are alike excluded. 

BOTANY-bay. See New Holland^ Encycl.; and 
New South IVales in this Supplement. 

BOUGUEll (Peter), an eminent mathematician and 
mechanical philofopher, was born at Croific, in Lower 
Bretagne, on the 10th of February 1698. His father 
John Bouguer, who was likewife a confiderable 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 propofition 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 moft 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 (hips with mads, 
on the beft method of obferving at fea the height of the 
ftars, and on the moft advantageous way of obferving 
the declination of the magnetic needle or the variation 
of the compafs. In 1729 he publifhed an Optical EJay 
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 fubjetl that till then 
had not attra&ed the attention of philofophers, 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 peniioner-aftronomer. The fame year he was lent 
on the commiffion to South America, along with Meffrs 

Godin, 
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Brmguer. Godin, Condamine, and Jeuflieu, to determine the mea- 

i'ure 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, befldes attending to the objedl of 
the voyage, made many fcientific obfervations ; viz. on 
the effeft of the Cordeliers on the polarity of the mag- 
netic needle; on the expanfion and contraftion of metals 
and other fubftances, by the hidden and alternate chan- 
ges of heat and cold among thofe mountains ; and on 
the refraction of the atmolphere from the tops of the 
fame, with the Angular phenomenon of the hidden in- 
creafe 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 
oblervations made at different points of thofe enormous 
mountains ; he difcovered that the mountains have an 
effeCt upon a plummet, though he did not aflign the 
quantity of that effeCt ; he found out a method of eiti- 
mating the errors committed by navigators in determi- 
ning their route ; gave a new conftruCtion of the log 
for meafuring a {hip’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 ; he invented in i 747 the Hblio- 
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 
of Augufl 1758, in the 6iff 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, hi 4*0. 
2. Treatife on Navigation and Pilotage, Paris, 1752, 
in 410. This work has been abridged by M. La Caille, 
in one volume 8vo, 1768. 3. Treatife on Ships, their 
ConftruCtion and Motions, in 410, 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- 
lar and lunar light with that of candles ; 1731, obfer- 
vations on the curvilinear motion of bodies in mediums ; 
1732, upon the new curves called the lines of pur/uit; 

to determine the fpecies of conoid, to be con- 
ftruCted upon a given bafe which is expofed to the (hock 
of a fluid, fo that the impulfe may be the leaft pofiible ; 
determination of the orbit of comets; *734’ 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 in 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 
aftronomical refraCtions 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 ; 1747, 
experiments made at Quito and divers other places in the 
torrid zone, on the expanfion and contraction of metals 
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by heat and cold; on the problem of the mailing of Boupuer, 
fhips; 1746, treatife on fhips, their ftruCture and motions; Brt:ad- 
on the impulfe of fluids upon the fore parts of pyrami- 
doids, having their bafe a trapezium ; continuation of 
the fhort account given in 1744 *he voyage to Peru 
for meafuring the earth ; 1747, on a new conftruaion 
of the log, and other inffruments for meafuring the run 
of a fliip; 1748) of the diameters of the larger planets ; 
the new inftrument called a heliometer^ proper for deter- 
mining them, with obfervations or the fun ; obfervation 
of the eclipfe of the moon the 8th of Auguft 1 748 ; 
1749>. fecond memoir on aftronomical refradbions, ob- 
feved in the torrid zone, with remarks on the manner 
of conftruCling the tables of them ; figure of the earth 
determined by MM. Bouguer and Condamine, with an 
abridgment of the expedition to Peru ; 1750, obferva- 
tion of the lunar eclipfe of the 13th December 1750 ; 
X75L on the form of bodies moft proper to turn about 
themfelves, when they are pufhed by one of their ex- 
tremities, or any other point ; on the moon’s parallax, 
with the eftimation of the changes caufed in the paral- 
laxes by the figure of the earth ; obfervation of the lu- 
nar eclipfe the zd of December 1751 ; ,752, Gn the 
operations made by feamen, called correVions; 1753, 
obfervation of the paffage of Mercury over the fun the 
6th of May 1753 » on the dilatations of the air in the 
atmofpheie ; new treatife of navigation, containing the 
theory and praaice of pilotage, or working of fhips; 
t7.54> operations, dec. for diftinguifhing, amon<T 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 Ihips ; 1755 
on the apparent magnitude of objeds ; fecond memoir 
on the chief problems in the working of fhips ; 177", 
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 fhould be generally known. 
Much has accordingly been faid on that fubjeCt (Encycl.) 
under the titles Baking, Barm, Bread, and Yeast ; 
but, fince the laft of thefe articles was publifhed, we 
have feen, in Dr Pownfon’s Travels in Hungary, a me- 
thod of making bread at Debretzen ; of which, as it 
may fometimes be adopted with advantage in tin's coun- 
try, an account may, with propriety, be inferted here. 

hsking of this bread, a fubftitute 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 
put in a warm place for 24 hours ; and after that, it is 
divided into fmall pieces about the fize of a hen’s eecr 
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 maybe 
ufed in the following manner: For a baking of fix large 
loaves, fix good handfuls of thefe balls, broken into frag- 
ments, are taken and diffolved in feven or eight quarts 0+' 
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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Bread, remains in the fieve is well preffed out. This liquor is 

mixed up with fo much flour as to form a mafs of the 
fize of a large loaf: this is ftrewed 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 diflblved, are poured 
through the fieve upon it, and the neceffary quantity 
of flour is added, and mixed and kneaded with the Ica- 

this is covered up warm, and left for about an 
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drefling. The offal, or bran and pollard, being drefled 
in a bolting mill, yielded as follows : 

Sharps - 6 lb. o oz. 
Fine pollard 5 S 
Coarfe pollard 7 8 
Broad bran 5 8 

Bread. 

ven 
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 definable objeft 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 
bufhel of Effex 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 
and drefling, 45Tlb. of that kind of flour which is cal- 
led feconds ; which alone is ufed, through the greateft 
part of England, for bread, and which makes, indeed, 
the bell of all bread, though not the whiteft. A peck 
of this flour, weighing 141b. 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 
72 lb. of bread. The expence of baking a bufhel. of 
fuch flour is, in Eflex and fome other Englifh counties, 
about ninepence ; viz. yeaft, on an average, twopence ; 
fait, before the late tax, one halfpenny ;* and baking, 
lixpence. 

But feconds is not all that is got from wheat. A 
bufhel of 60 lb. of wheat gives, befides 45I lb. of fe- 
conds, lh* offal, 1. e. of pollards and btatiy for the 
utmoft lofs in grinding and drefling a bufhel of wdieat 
ihould not exceed 1 pound 8 ounces. The millers, in- 
deed, ufually reckon on two pounds of lofs ; but we 
can fay, with the utmofl confidence, that the aftual 
lofs is rather lefs than we have Hated it. A correfpon- 
dent of ours, on whofe accuracy we can depend, weigh- 
ed, in 1795, two bufhels, Winchetter 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 I2ixlb- of 
meal, 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 pofiible precaution being taken to pre- 
vent his being deceived in the refult, he had of flour, or 
Jttonds, 93vlb- and of bran and pollard 254-lb. ; fo that 
he loft, of two bufhels, but zi lb. both in grinding and 

Altogether 24 8 
There was loft, therefore, in bolting, only one pound; 
and of the fharps, 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 
fhilling. 

It is a faff, 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 fteam ; 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 neceflarily 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 impoflible to make bread of the flour of rice, which 
is harlh and dry like fand or allies, 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- 
merica. 

According to this method of making the wilhed-for 
bread, the firft thing 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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Let a certain quantity of water be heated in a fauce- 
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 finell fieve that can be 
procured. 

When we have brought the rice into flour, we mull 
take ns much of it as may be thought neceflary, 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 veffel, and, having thrown 
into it fome handfuls of rice, we mufl 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 muft 
be poured upon the rice-flour, and the whole muft 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 ftand that it 
may rife. During the fermentation, this pafte (which, 
when kneaded, muft have fuch a proportion of flour as 
to render it pretty firm) becomes fo foft and liquid 
that it feems impoflible it fhould be formed into bread. 
It is now to be treated as follows : 

While the dough is rifing, the oven muft be heated ; 
and, when it is of a proper degree of heat, we muft 
take a ftewpan of tin, or copper tinned, to which is 
fixed a handle of fufficient 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 fhall be baked; 
it muft then be quickly turned upfide down. The 
heat of the oven a£ts 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£t 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 Kerjield, 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 

The fleam which arifes from the boiling copper is 
known to be ftrongly impregnated with the effential 
oil of the hops, in which their flavour conlifts. 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 pafling 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 bitter 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 putrefadtion, and therefore muft be fitter 
for home confumption and exportation. For this inven- 
tion, which is certainly fimple* and we think rational, 
Mr Ker obtained a patent, dated March 4. 1788. 

On the 4th of June 1790, Mr John Long of Long- 
'villei 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- 
thod, in all the ejfential parts, of brewing good malt li- 
quor ; and therefore, as it comprehends the whole pro- 
cefs of brewing, we lhall lay it before our readers in 
the words of its author. 

“ 1. For the better extracting from malt, place near 
a mafli-tun a lhallow copper or other veflel that wdli 
readily heat ; the curb of which to be on a level with 
the tun, and to contain from two to fix hoglheads, 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 conduct 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 pafies 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, iituate as near as 
convenient to the copper or heating-veflel. In the tub 
or ciftern is to be placed a pump, for the purfiofe 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 after the firft 
half-hour), and then convey it through the maftiing-tuu 
as before, and in the fame manner, as long as the work- 
ing brewer or diftiller may think neceflary, to raife the 
malhing 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 pradtice ; by 
which means it operates with gentlenefs, opens and ex- 
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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 firtt heat (which k 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 diftiller can have the tun 
brought to any degree of heat he fliall think bell fuited 
to the different qualities of the malt or raw corn. Per- 
fons who would with to fave expence, may heat their 
malhing-tun at the fide or bottom by a large piece of 
metallic fubftance 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 muff 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 ftream 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 diftiller in warm weather: 
then pafs it from the tube into a veffel in which pumps 
are placed, to return the worts into the copper for the 
purpofe of boiling off. All veffels for receiving the 
cold wort muft be placed lower than the fource whence 
the wort comes. 

“ 3. As the great objeft of long boiling the wort is 
remedied, by my invention of taking the extract from 
the hops in a feparate manner from the worts, I boil 
my worts no longer than from 15 to 20 minutes; and, 
by purfumg that method, I fave much time and fuel, 
and regulate my lengths accordingly. 

“ 4. I fteep my hops, the preceding day to which 
they Ire to be ufed, in a copper or other vefi'el, with 
as much fluid, blood-warm, as will cover the hops, where 
it is to remain over a flow fire at leaft 14 hours, cloie 
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 ftate I let it remain 
about 10 minutes, and then run off the fluid ; and this 
I do at the fame time the firft wort is boiled off, 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 ftate a confiderable 
time, until the fecond worts are boiled off. Then I 
pafs the hop-fluid with the wort, the fame as in the 

* firft inftance ; 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. 

«c 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 ciftern or refrigerato- 
ry, and there performs feveral revolutions, in a fpiral 
manner, through the fame tube ; which is immerfed in 
conftant fupply of cold water, where it lofes the greateft 
part of its heat in a ftiort time, and thence continues a 
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ftraight courfe through the tube, a little elevated and Brewing 
of a fuitable length, placed in brick-work, until it meets 
a fmall refrigeratory, fupplied with colder water from a 
refervoir made for that purpofe at the head of the 
works ; whence a continual ilream runs on the furface 
of the tube down to the great refrigeratory, cooling 
the wort as it paffes, in order to enable the working 
brewer or diftiller to fend it into the backs or working- 
tuns at whatever degree of heat he fliall think proper. 
There is no other difference between brewer and diftiller 
in this procefs, but that the diftiller immediately paffes 
the ftrong 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 fubftance. 

“ 6. To enable me to brew in the warm fummer 
months, I fink my backs or working tuns at leaft 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 poffible to a fpring 
or fand-drain, as their depth will naturally draw the wa- 
ter thence, which mirft be fo contrived as to pufs 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 pofiibly be done by 
the prefent practice ; by which means I can produce a 
complete fermentation even in the dog-days. 

“ 7. In cold or frofty weather, if the tun and backs 
fhould lofe the firft heat, intended to carry it through 
the procefs by the foregoing method, you may convey 
a fupply of warm or bofiing 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 fhall think proper : by purfuing this method, in 
the coldeft feafon, I never want a fermentation.” 

We regret that we cannot with propriety ftate to 
our readers, under this article, a fummary of Mr Rich- 
ardfon of Hull’s Pbilofophical 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 laft 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 rcooffew-bridge, of large fpan, 
ftiould be conftru&ed on the principles explained under 
the title Roof (Encycl.) See alfo Centre (%>/>/.). 

BRINDLEY (James), was born at Tunfted, in 
the parifh of Whrmhill, Derbyftn're, in 1716- His fa- 
ther was a fmall freeholder, who diffipated his property 
in company and field amufements, and neglefted his fa- 
mily. In confequence, young Brindley was left defti- 
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 Bennet, a mill-wright at Macclesfield, in Chefliire, 
where his mechanical genius prefently developed itfelf. 
The mafter being frequently abfent, the apprentice was 
often left for weeks together to finifh pieces of works 
concerning which he had received no inftrudtion ; and 
Bennet, on his return, was often greatly aftoniffied 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 
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Brindley, ferred him in the execution of their orders to the maf- 
—' 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 
Ikill and induftry contributed to fupport his old mailer 
and his family in a comfortable manner. 

In procefs of time Brindley fet up as a mill-wright 
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 ere£t a water-engine at Clif- 
ton, in Lancafhire, for the purpofe of draining fome coal 
mines. Here he gave an efl’ay of his abilities in a kind 
of work for which he was afterwards fo much diftin- 
guifhed, 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. In 1755 
he was employed to execute the larger wheels for a filk 
mill at Congleton : and another perfon, who was enga- 
ged to make other parts of the machinery, and to du- 
perintend the whole, proving incapable of completing 
the work, the buhnefs was entirely committed to Brind- 
ley ; 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 Staffordfln’re 
potteries received various ufeful improvements from his 
ingenuity. 

In the year 1756 he undertook to eredl a {learn 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 fyftem of canal navigation. The Duke 
of Bridgewater, who had formed his delign of carrying 
a canal from his coal-works at Worfley to Mancheiter, 
was induced by the reputation of Mr Brindley to confult 
him on the execution of it ; and having the fagacity 
to perceive, and ftrength of mind to coniide 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 has 
already been deferibed (Encycl. vol. IV. p. Be.) ; it is 
enough here to mention, that Mr Brindley, from the 
very tirft, adopted thofe leading principles, in the pro- 
jefting of tbefe works, which he ever after adhered to, 
and in which he has been imitated by all fucceeding 
artifts. To preferve as much as pofiible the level of his 
canals, and to avoid .the mixture and interference of all 
natural ftreams, were objeCls at which he conllantly 
aimed. To accomplifli thefe, no labour or expence 
was fpared 5 and his genius feemed to delight in over- 
coming all obllacles by the dtfeovery of new and ex- 
traordinary contrivances. 

The moft experienced engineers upon former fyftems 
were amazed and confounded at his projeCls of aque- 
dud bridges over navigable rivers, mounds acrofs deep 
valleys, and fubterraneous tunnels j' nor could they be- 
lieve in the pra&icability of fome of thefe fchemes till 
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they faw them ciTefted. In the execution, the ideas Brindley, 
he followed were all his own ; and the minutefl, as well 
as the greatell, of the expedients he employed, bore the 
{lamp of originality. Every man of genius is an en- 
thuliaft. Mr Brindley was an enthufiaft 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 ftream, in 
which the lover of rural beauty fo much delights. This 
fentiment he is faid to have exprefled 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 ? he anfwered, “ to feed 
navigable canals.” A dired rivalry with the naviga- 
tion of the Irwell and Merfey was the bold enterprize 
of his firil great canal; and fince the fuccefs of that 
delign, 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 Chefter and 
Stafford. This undertaking commenced in the year 
1766 ; and from the great ideas it opened to the mind 
of its condudor, of a fcheme of inland navigation which 
fliould conned all the internal parts of England with, 
each other, and with the principal fea-ports, by means 
of branches from this main ftem, 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 Harecaflle, which was only to be palled by 
a tunnel of great length, bored through ftrata of dif- 
ferent confillency, and fome of them mere quickfand, 
proved to be a moll difficult, as well as expenflve, 
obilacle, which, however, he completely furmounted. 
While this was carrying on, a branch from the grand 
trunk, to join the Severn near Bewdly, was committed 
to his management, and was finifhed 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 lafl undertaking of the kind which 
he conduced, but he only lived to flnilh fome miles of 
it. There was, however, fcarcely any defign of canal- 
navigation fet on foot in the kingdom, during the lat- 
ter years uf 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 inflance of the vafinefs of his ideas, 
it may be mentioned, that on planning' a canal from Ei- 
verpool to join that of the Duke of Bridgewater at 
Runcorn, it was part of his intention to carry it, by an 
aquedudt bridge, acrofs the Merfey, at Runcorn Gap, 
a place where a tide, fometimes riling fourteen feet, ruffes 
with great rapidity through a fudden contraftion of the 
channel. As a mechanic and engineer, he was like- 
wife confulted on other occafions; as with refpeft 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, mctliod, which has been fuccefsfuily pra£tifed, of build- 
~—   ing fea-walls without mortar ; and he was the author 

of a very ingenious improvement of the machine for 
drawing water out of mines by the contrivance of a lo- 
iing and a gaining bucket. 

The intenfity of application which all his various and 
complicated employments required, probably fhortened 
his days ; as the number of his undertakings, in fome 
degree, impaired his ufefulnefs. He fell into a kind of 
chronic fever, which, after continuing fome years, with 
little intermiflion, at length wore out his frame, and put a 
period to his life on September 27.177 2, in the 56th year 
of his age. He died at Tunhurfl, 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 
the profefimn he affumed, it was there alone that he 
was in his proper element; and fo occupied was his 
mind with his bulinefs, 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 
cuftom to retire to his bed, where, in perfect 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 actua- 
ted by, when, from the operation of the mind aCting 
upon itfelf, 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 moll 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 inftruCtion 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 ttages till the whole w'as finilhed, 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 ; 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 embarraffment which a readinefs in the procefies 
carried on by pen and paper can alone obviate. His 
eftimates of expence have generally pi-oved 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 refpedlable. 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 he was fo Briflbt. 
deeply interefted. His integrity and regard to the ad- ' r* 
vantage of his employers were unimpeachable. In fine, 
the name of Brindley will ever keep a place among that 
fin all 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 died fo confpicuous a part in 
the French revolution, that a fair detail ol 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 impoffible at prefent to give ; for characters 
like Briffot’s are almoft always milreprefented 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 fubfided, the impartial truth is no- 
where to be found. 

In a fulfome panegyric, under the denomination of 
The Life of J. P. Brijfot, faid to be written by himfelf, 
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, allures us that the old man was 
in eafy circumftances, and that he employed all the 
means refulting from them to give to his numerous fa- 
mily a good education. The fubjedl of this memoir 
was intended for the bar ; but not relilhing the ftudies 
necelfary £o fit him for the profeffion of the law, or, 11 
we choofe to believe him, having a mind too pure and 
upright for the ftudy of chicane, he relinquilhed the pur- 
fuit after five years of drudgery ! 

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. cr c 

“ It was at die commencement of my paffion 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 diftindlion, 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 ftruck me that I would call an Englifii air up- 
on my name ; 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 affedlation, which was certainly not criminal, he 
juftifies himfelf by the example of the literati of the 
16th and 17th centuries, who made no fcruple of Gre- 
cifing and Latinifing their appellatives. 

Having profecuted his ftudies for two years, he had 
an application from the Engliffi proprietor of a paper 
then much in circulation, and intitled Le Courier de 
p> 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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Briflbt. of Briffot, who reprefents himfelf as for feme moments 
—v ' hefitating. The profeffion of a journalift, fubjeft to 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 conttitutions and of the 
fciences. After fome ridiculous reafoning from the ori- 
ginal ftations of Bayle, Pojlel, and Roujfeau, he at laft 
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 Engliih conftitution. 

This employment, however, did not laft for any 
length of time. The plan of the proprietor of the Cou- 
rier wTas overthrown by adminiftration, and Briffot quit- 
ted Boulogne to return to his firft ftudies. Having in- 
formed us of this faff, 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- 
fle£t, againft religious and political tyranny, I folemnly 
protefted, that thenceforward I would confecrate my 
whole life'to their extirpation. Religious tyranny had 
fallen under the redoubled ffrokes of Rouffeau, of Vol- 
taire, 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- 
ved 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 philofophers 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 difeovery by inference. 

“ It became neceffary (fays he) to break in pieces 
the political idol, which, under the name of monarchy, 
praAifed, the moft violent defpotifm ; but to attack it 
openly, was to expofe the affailant without the poffibiii- 
ty of ferving mankind. It was by a fide blow that it 
was to be wounded moft effectually 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 lead the fober part of them, will pro- 
bably think that this mode of attack is not peculiar to 
Briffot, but that it has been praftifed, 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 fubjeft to which our author 
thought fit to call the attention of his countrymen, was 
the criminal jurifprudence : a fubject, 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 philofophical point 
of view. Thinking himfelf fully equal to this talk, he 
drew up a general plan ; and in the year 1780 publifti- 

9 ] B R I 
ed his Theory of Criminal Laws, in two vols 8vo. This Bnifot. 
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 defeCts 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, 
infmuated dangerous principles on the nature of govern- 
ment in general. 

His next work was intitlcd, rl Philofophical Library- 
of the Criminal Laws, in 10 vols; the true objedt of 
which was to diffeminate in France thofe principles of 
liberty which guided the Englifh and the Americans in 
framing and expounding their laws. 

But the ftudy of legidation and politics had not en- 
tirely drawn him off from that of other fciences ; fuch 
as chemiftry, phyfics, anatomy, theology, &c. 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- 
pefted 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 refiedt 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. 
There it was his wiffi to create a miverfal confederation 
of the friends of liberty and truth, and to eftablifh 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 fays, by 
the molifacred oaths, to affift him, and had offered to 
fign articles even with their own Hood. 

Finding himfelf unable to proceed dire&ly to the ob- 
jeA which he had in view, he refolved to enlighten hi,- 
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 
cefirous of changing their form of government. It was 
but little known, he fays, in France (the work of De 
Lolme being at that time only in the hands of the learn- 

ed^ 
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'Br’ffot. cd); and to make it known was to make it beloved, w’as 
 'T--'to render it defired. But the French minifters ftood 

upon their guard, and it became necefTary to deceive 
them. He refolved therefore to bring forward a jour- 
nal written actually in Bondon, and profeffing to con- 
tain only a dejcription of the fciences and arts oj^ England^ 
whiUt the greater part of it was to be occupied in rea- 
lity by an inveftigation of the Englijh conJUtution. 

After many difficulties, the minitlry granted a privi- 
lege for this journal, being publiffied in London, to be 
reprinted in Paris; and it firft appeared in 17^4. “ In 

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 preficWd over all my labours, the univerfal 
emancipation of men.,, 

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 conduft 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 the fecret and fa- 
vourite aim, which always guided his pen, to become 
difcernible. He was, however, difcharged from prifon 
on the 5th of September, and returned with increafed 
zeal to his former employments. 

“This perfecution (fays he), far from extinguiffiing 
the ardour of my wiffies to inculcate the principles of 
freedom, ferved only to inflame it the more.” Accord- 
ingly, in 1785, he publiflted two letters to the Empe- 
ror Jofeph II. concerning the right of emigration, and the 

■right of people to revolt. The firft of thefe letters, which, 
though well known in Germany, were in France fup- 
preffed by the police, was occafioned by what the au- 
thor calls the ridiculous and barbarous edicft againft 
emigration ; and the fecond by the puniffiment of Ho- 
riah the chief of the Walachian infurgents. In this laft 

■letter he lays it down as a maxim, that all people under 
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. In the fame fpirit he brought 
out, in 1786, his Philofophical 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, notwithilanding all his efforts to haften it, he 
refolved to leave France for the purpofe of fettling in 
America. His project received the approbation of fe- 
veral, wffiofe 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 difcover where and in what manner the eftabliffi- 
ment they had propofed might be molt advantageoufly 
fixed?- He had fume 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. His ftay there, however, was not fo long as Briffof, 
he was defirous of making it. In the beginning of Brown, 
1789 he was recalled by the news of the French revo- 'r*' 
lution, which he conceived might probably produce a 
change in his own meafures and in thofie 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 ConduB for the Deputies of the Peopled* 

This, and other works of a iimilarkind, of which he 
loudly boafts the merits, railed him high in the favour 
of the republican part of the nation, and he became 
prefident of his diftriA ; 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 
eleAor. At laft he became a member, firft of the Na- 
tional AJfemlly, 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 Girondijls, 
and fometimes the Brijfotines. From that period the 
principal events of his life were involved with the pub- 
lic tranfa&ions 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 Brif- 
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 confequence of that anarchical 
tyranny under which no man had contributed more than 
he to fubjeA his native country. 

BROWN (Dr John), author of the Elementa Medi- 
cine, See. 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 refpected 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 fhare 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 ion 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 confiderable revolution in the 
pradlice of medicine. 

At the age of three or four years, young Brown was 
put to a reading fchooi 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 fchooi and college. 

It was aim oft immediately after his entrance into this 
fchooi, 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- 
diments 
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ditnents of literature, he fuffered what mufk 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 inftruft 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 tTiey felt no inclination to ftruggle with the invin- 
cible averfion which he expreffed 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 w'ere both of that fe£t of religionifts which 
in Scotland are called Seceders (fee Seceders, iiWjc/.yh 
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 bufinefs to which he had conceived fuch 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 ftrength 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 mafter. He was 
particularly fond, when a boy, of pra&ifing the pugililtic 
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 relilh. He alfo prided himfelf 
much in being a ftout walker; and mentions his ha- 
ving in one day accomplilhed, 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 reft ! 
But as one of his biographers very juftly obferves, “ we 
have feen thni he could make a more rational ufe of 
his ftrength than merely to ftake it againft time and 
fpace 

His early years while at fchool were marked by the 
moft rigid attachment to his fedt. So ftridt indeed were 
his religious fentiments, if a boy of ten or eleven can be 
faid to have any fentiments deferring to be called reli- 
gious, that he would have conceived the holding of any 
communion with the eftablilhed 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 unexpected revolution in 
his religious opinions. At a meeting of the provincial 
fynod of Merfe and Tiviotdale, he was prevailed upon, 
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though not without manifefting* much reludtance, to 
accompany a party of his fchool-fellows to the parilh 
church of Dunfe. The confequence of this tranfgref- 
fion, as he had dreaded, was an immediate fummons to 
appear before the felfion of the Seceding congregation ; 
to which, through pride, not choofing to attend, in or- 
der to preclude a formal, expulfxon, he voluntarily abju- 
red their tenets, and openly avowed his apoftacy to the 
eftablifhment. 

All changes in religion which are not the confequence 
of candid inveftigation 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 
haftily 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 
ot 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 ufiier 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 a^e 
of thirteen he was intrufted with the education ofa 
gentleman’s fon in the neighbourhood, when he quitted 
the fchool and his beloved mafter. In his new fitua- 
tion, however, he remained not long. Dr Beddoes con- 
jeAures, that to the ftiffnefs of pedantry he added the 
fournefs of a bigot, and was therefore a difagreeable in- 
mate of the family. 1 hat a boy of thirteen, proud of 
his talents, and prouder of his learning, fhould 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 Cruickfhank : 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 affured, was his pride; and as it muft 
have been the pride of parts, it confirms the fi'rft part of 
Dr Beddoes’s conjedure. 

It feems he was much difpleafed that, when company 
wei e at dinner, he was not defired to remain after the 
cloth was removed ; and yet if he was then only thir- 
teen yeais of-age, it is not eafy to conceive for what 
purpofe he fiiould have ftaid. He could not poffibly 
know much of the world, or of any thing likely to em- 
ploy the converfation of country gentlemen; and we 
cannot help thinking, that the maftcr of the houfe 
would have treated his guefts with rudenefs, had he de- 
tained among them a raw boy to lifien to every un- 
guarded expreffion which might efcape them over their 
wine. It would appear, however, that he was not un- 
wihing to give the tutor of his fon an opportunity of 
displaying his.abilities, when fuch fubjeds were intro- 
duced as he knew him to have ftudied ; for a difpute 
having arifen, one day after Brown had retired to his 
own room, concerning the decrees of Providence, he 
lent to requeft his opinions on thatabftrufe fubjed. By 
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the meflenger Brown returned a verbal anfwer, that 
' « the decrees of Providence are very unjuft, for having 
made blockheads lairds.’ . 

Mr Cruickfhank had fome time before requefted him 
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 in the fchool till the 
2Cth year of his age ; during which time, from the 
conftant habit of teaching the Latin and Greek lan- 
puages, he acquired a wonderful facility in reading both 
thefe languages, and in writing the former, though he 
wrote not with tafle. 

About this time it occurred to him that he might 
turn his claffical acquirements to more account, by be- 
comino- a private teacher of languages m Edinburgh. 
To that city he accordingly repaired, where, while he 
obtained a livelihood as a teacher, he propofed at the 
fame time topurfue his theological ftudies at the univer- 
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 time m 
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 thefis into Latin. Brown was 
recommended. He was limited to a certain time; with- 
in which it appeared fcarce practicable to perform the 
tafle He accomplifhed it, however, and in fuch a ftyle 
of grammatical correftnefs and purity as far exceeded the 
general run of fuch prodigious. On this being remark- 
ed to him by his friends, he obferved, “ that he now 
knew his (Length, and was ambitious of riding m his 
carriage as a phyfician.” He therefore determined to 
apply himfelf with ardour to the ftudy of medicine, to 
which this accidental circumftance alone direfted his at- 
tention. Accordingly, at the commencement of the 
next winter feffion, he addre(fed a Latin letter to each 
of the medical profeffors, and by them was prefented 
with tickets of admittance to their feveral claffes. 

From fuch a favourable beginning, being of a very 
fanguine difpoiition, he conceived the moft flattering 
expeftations of his future fuccefs ; and indeed for fome 
time he feems to have lived in affluent circurnftances. 
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 relidence under Mr Cruickfliank, to a tho- 
rough acquaintance with ancient hiftory, he had added 
a very conliderable knowledge of mathematics; in which, 
amono- other branches of fcience, he never had any ob- 
jection to give inftrudtions. In the acquifition of that 
variety of knowledge which he poffeffed, he was greatly 
afiifted by a moft tenacious memory ; to the. retentive- 
nefs of which an old fchool-fellow beais teftimony, by 
affirming,, that “ after once reading over the leffon, con- 
fifting of two odtavo pages in Latin, he would lay afide 
the iTook, and preleft the whole over without miftaking 
a (ingle word.” _ . . 

Brown, already in eafy circumftances for an indivi- 
dual, faw, or thought he faw, in the eftablifhment of a 
boardin^-houfe for ftudents a refource which would en- 
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able him to maintain a family ; and in expeftation of 
realifing this profpeft, he married, in 1765, the daugh- 
ter of a refpeflable tradefman in Edinburgh. The di- 
ftinguifhed attention at that time paid hinv by Dr Cul- 
len, in whofe family he had become a neceflary perfon, 
contributed in all probability to (Lengthen his hopes 
that his houfe would be filled with proper boarders 
through the Dodfor’s recommendation. His fucceis in 
this way for fome time anfvvered his moft fanguine ex- 
pedlations ; and his circumftances at one period were to 
ftourifhing, that he is faid to have kept a one-horfe 
chaife. 

It was, perhaps, the greateft misfortune that could 
have befallen Brown, that he poflefied, 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 negledling more 
neceflary purfuifs to enjoy the conviviality of the nu- 
merous friends who courted his company; or that drink- 
ing and diffipation became habitual to him. He wTas 
as deficient in point of prudence as he excelled in ge- 
nius. His houfe was filled with refpedlable boarders ; 
but as he lived too fplendidly for an income at heft but 
precarious, he became gradually involved in debt, and his 
affairs were dill 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 fecretly 
fubfifted, probably from mutual jealoufy, was at length 
excited into an open rupture ; firft, by Dr Cullen’s not 
exerting his intereft in procuring for Brown the theo- 
retical chair of medicine, then vacant in confequence ei- 
ther of the death or refignation of Dr Alexander Mom’o 
Drummond; and, fecondly, by his rejecting, fome time 
after. Brown’s petition for admittance into the Edin- 
burgh Philofophical Society. 

In 1776 Brown was eledfted 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 Ele* 
menta Medicinal, to the difeovery of his new doctrine ; 
which, on dropping all correfpondence w’ith his former 
friend and benefactor, he now, for the firft time, began 
to illuftrate in a courfe of public leisures ; and in thefe 
he difplayed equal ingenuity and philofophical profun- 
dity. Much about the time of which we now fpeak, 
he publiftied the firft edition of the Elementa Medicina; 
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 
reflett great honour on his abilities. He never retired 
to his ftudy ; but, totally abforbed in his own ideas, 
wrote wnth the greateft tranquillity amidft the noife 
of ten children, occafionally fettling their childiffi dif- 
ferences. 

In the year I779> 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 compofition. He wrote a thefis, or 
inaugural dffiertation, in the tavern while the cloth was 
laving for dinner ; and one of his companions, who was J 6 finging 
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Brown, finging befule him, having uttered a fulfe note, or fung 

out or time, Mr Brown, in the middle of his writing, 
hopped to fhew him how the fong ought to be fung, 
and then inftantly proceeded in his theiis. 

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 
ledtures. At this time the difputes between the Culle- 
nians and the Brunonians (as the young men nowftyled 
themfelves) were carried on with fuch acrimony on both 
fides, 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 enadl, by which a member 
who challenges another for any thing laid in public de- 
bate incurs the penalty of expulfion. 

Obferving the ftudents of medicine frequently to 
feek initiation into the myfteries 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 intitled it ihe Lodge of the 
Roman Eagle. The bufinefs was conducted 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 pradtrce was but limited. His 
friends affirmed, perhaps without fufficient proof, that 
cabals were formed againfl him, and every advantage 
taken of the errors he was led to commit by his own 
imprudence. After a long feries of ft niggles, there- 
fore, hoping to meet with that encouragement among 
the Lnglifh of which he had been difappointed in his 
own country, he put in pradfice 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-ftreet, relate as 
a proof of his fimplicity. The peculiarity of his ap- 
pearance as he moved along (a ffiort 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 ftreet. They addreffed 
him in the dialedt of his country. His heart, heavy as 
it mu ft have been, from the precarioufnefs of his fitua- 
tion, and diftance 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 Dodfor might prefer. The 
Do&or had been too civilly treated to demur ; but his 
P'Urfe 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 fharper, of another denomination, after- 
wards tried to make advantage by the Dodfor. This 
was an ingenious fpeculator in public medicines. He 
thought a compofition of the moft powerful ftimulants 
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might have a run, under the title of Dr Brown’s <?x- BrcAVn 

citing pill; and, for the privilege of his name, offered V““ 
him a fum in hand by no means contemptible, as well 
as a (hare 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 
wras, that, from inability to difcharge certain debts he 
had contradfed, 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 refpedted for his well-known benevo- 
lence. As a proof of the adfivity he was ftill capable 
of exerting, it will be fufficient to mention, that he ac- 
complifhed the tranflation of his Elementa, 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 Pruffia, in the name of his matter, made Dr 
Brown an offer of a fettlement in the court of Berlin; 
during the negociation of which he was unexpeftedly 
cut oft by an apoplexy early in the morning of the 7th 
of Odfober 1788, the day fucceeding that on which he 
had delivered to a company of thirteen gentlemen the 
greater part of the introduftory lefture to his fecond 
courfe. At his death, he was between 32 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 pofterity is his 
owm works ; which, when perfonal prejudice no longer 
ftiall prevail again ft their ingenious author, cannot fail 
to procure him all that deferred celebrity which they 
have already, in part, obtained in the different coun- 
tries of Europe. 

In 1787, he publiftied 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 
ffiort a time as the generality of men would tranfcribe 
a work of its extent, we can affirm, from undoubted 
authority, to be his produdlion. 

This Iketch of the life of the unfortunate Dr Brown 
would be of very little value if not followed by a view 
of his fyftem ; but to give a complete view of that fyf- 
tem would far exceed the limits within which, in a 
work like this, fuch articles muft be confined. We 
truft, therefore, that our readers wu'll be fatisfied with 
an abftraft ; and as we are neither the partifans nor op- 
ponents of the Dodlor, and not very partial to any me- 
dical fyjlem whatever, wre ffiall content ourfelves with 
inferting, in this place, the view which Dr Beddoes has 
given ol Dr Browm’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- 
fcioufnefs, affifted by common obfervation, will diftin- 
guiffi animated from inanimate bodies with precifion 
more than fufficient for all the ends of medicine. The 
caufe of gravitation has been left unexplored by all pru- 
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dent philofophers ; and Brown, avoiding all ufelefs dif- 
quifition concerning the caufe of vitality, confines hiiti- 
fdf to the phenomena which this great moving prin- 
ciple in nature may be obferved to produce. His rood 
general propofitions are eafy of comprehenfion. 
“ l. 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 fufceptxble 
of the aftion of exciting powers. 

“ g. Exciting powers may be referred to two claffes. 
i. External; as heat, food, wine, poifons, contagipns, 
the blood, fecreted fluids, and air. 2. Internal; as the 
fundtions of the body itfelf, mufcular exertion, think- 
ing, emotion, and paffion. 

c“ 4. Life is a forced date ; if the exciting powers 
are withdrawn, death enfues as certainly as when the 
excitability is gone. 

“ c. The excitement may be too great, too fmall, or 
in juft meafure. 

“ 6. By too great excitement, weaknefs is induced, 
becaufe the excitability becomes defedtive ; this is indi- 
re8 debility : when the exciting powers and ftimulants 
are withheld, weaknefs is induced ; and this is direS de- 
bility. Here the excitability is in excefs. _ 

“ 7. Every power that adts on the living frame is 
ftimulant, or produces excitement by expending excita- 
bility. Thus, although a perfon accuftomed to ani- 
mal food may grow weak if he lives upon vegetables, 
Hill the vegetable diet can only be confidered as pro- 
ducing' an effedt, the fame in kind with animals, though 
inferior in degree. Whatever powers, therefore, w.e 
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 fuffering 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 affefted, it is immediately affedted 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 oppoffte ftates of excitement. 

“ I have already fpoken of an illuftration, 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 or a ma- 
chine containing feveral tubes, placed before it, and 
eonftantly pouring dreams 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 tubes, 
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denotes the various ftimuli applied to the excitability 
of the body ; and the flame drawn forth in confequence '' 
of that application reprefents life, the produdt of the 
exciting powers adting upon the excitability. 

' ‘ As Dr Brown has defined hfe to be a forced Jlate, 
it is fitly reprefented by a flame forcibly drawn forth 
from fuel little difpofed to combuftion, by the conftant 
application of ftreams 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, mufk, camphor, fpirits, wine, tobacco, &c. the 
di flu Able 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 ufed to denote what have for- 
merly been termed fedative powers, fuch as poifons, 
contagious miafinata* foul air, &c. 

‘ The reader will now probably be at no lofs to un- 
derftand the feeming paradox of the Brunojiian 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 najlra; 
“ Sed vitam faciunt balnea, vina, Venus. 

“ Wine, warmth, and love, our vigour drain ; 
“ Yet wine, warmth, love, our life fuftain.” 

Brown, 

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 direB and indireB, 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 of 
excitability produced, the human frame will be in a 
ftate of health, juft as the fire will be in a vigorous 
ftate when no more air is blown in than is fufficient to 
confume the frelh 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 diredf 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 
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will arlfe indirect 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 extindh'on. 

« As all the difeafes of the body, according to Dr 
Brown, are occafioned by direct or indiredl debility, 
in confequence of too much or too little ftimuli, fo all the 
defeats of the fire mull arife from direft 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 defeats 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 fhould 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 abftradh'on 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, 
aflailed by a fudden and ftrong blaft of air, would be 
overpowered and put out, inftead of being nouriftted 
and increafed. Again, if the man or the fire have been 
rendered indiredlly weak, by the application of too 
much ftimulus, wre are not fuddenly to withdraw the 
whole, or even a great quantity of the exciting powers 
or air, for then the weakened life and diminiftied flame 
might fink entirely ; but we are by little and little to 
diminifli 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 laid to have 
treated a Highland chieftian, w7ho applied to him for 
advice in this fituation. The Do£for gave him no me- 
dicines, and'only exa&ed a promife of him, that he 
would every day put in as much wax into the w'ooden 
que'tch, out of which he drank his whifky, as would re- 
ceive the impreffion of his arms. The wax thus gra- 
dually accumulating, diminiftied 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 
objeft 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 
perufing what I have faid. The great excellence of that 
theory, as applied, not only to-the practice of phyfic, 
hut to the general conduit 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 
tune be given it to accommodate itielf to different ftates. 
All the mifchief is done in the traniition from one ftate 
to another. In a ftate of low excitement, w’e are not 
rafhly to induce a ftate of high excitement; nor when 
elevated to the latter, are w?e fuddenly to defcend to the 
.former, but ftep by ftep, and as one who from the top 

of a high tower defcends 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 (written feveral years ago), I 
have fpoken of a tube conftantly pouring in frelh fuel, 
becaufe I could not otherwife convey to the reader a 
familiar idea of the pow'er poffeffed 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 
fubjedf to the law by which fuch fubftances are govern- 
ed. According to him, excitability was an unknown 

fome'what, fubject to peculiar laws of its own, and whole 
different ftates we were obliged to defcribe (though 
inaccurately) by terms borrowed from the qualities of 
material fubftances.’ 

“ The Brunonian fyftem has frequently been char- 
ged with promoting intemperance. The objedfion is 
ferious ; but the view already given of its principles 
ftiews 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 ex- 
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 diredtly led to fhun what 
is hurtful, and purfue what is falutary. And in what 
elfe does moral conduct, as far it regards the individual, 
coniift ? It may be faid that the authors life diiproves 
the juftnefs of this reprefentation : his life, however, 
only ftiews the fuperior power of other caufes, and of 
bad habits in particular ; and I am ready to acknow- 
ledge the little efficacy of inftrudli.on when bad habits 
are formed. Its great ufe confills in preventing their 
formation; for which reafon popular inftrucSlion in me- 
dicine would contribute more to the happinefs of tlie 
human fpecies, than the complete knowledge-of every 
thing which is attempted to be taught in education, as 
it is conducted 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 propenfities 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 
defcent by both parents was ancient and honourable ; 
and ol that defcent he was, perhaps, too proud. • His 
grandfather was —— Hay, Efq; of Woodcockdale, in 
the county of Linlithgow, who, marrying Mifs Bruce, 
the heirefs of Kinnaird, gave the name of Bruce to all 
his defcendants. 

Perhaps this changeof name may hive taken place 
in obedience to- the deed by which the eftate of Kin- 
naird was fettled on Mrs Hay’s children ; but it is a 
change which, in a. country like Scotland, where an- 
tiquity of defcent is highly valued, any man would vo- 
luntarily have adopted, who had-married the heirefs.of - 
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Brace, fucli a family. The Bruces of Kimtaird had been in 

—v ' polfeflion of that eitate 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 bell preferved by continuing the name 
of their great anceftor ; and we have reafon to believe, 
that the fubjeft 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 reipedtable 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 James 
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- 
nefs to be proud, if indeed he was proud, of family ; 
for the talents bellowed upon him by nature, or, to 
fpeak 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 polfelfton of the 
phantom of birth to gratify much of his ambition; for 
the facility with which he mallered every ftudy in which 
he engaged, would have carried him quickly to the top 
of the moft honourable profefiion. 

Mr Bruce was inftrudled in grammatical learning at 
the fchool of Harrow on the Hill, in the county of 
-Middlefex, where he gave the moft unequivocal proofs 
of genius, and acquired a very confiderable knowledge 
of the Greek and Latin languages. It was cuftomary 
with him to perform, not only his own exerciles, 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 
alfiftance, and, on one occafion, produced a copy of ver- 
fes of his compofttion, which excited, not only the ap- 
plaufe, but the admiration of their mailer. Mr Gra- 
ham, who was but a few months older than Mr Bruce, 
had, for fome tranfgreffion (we know not what), been 
punilhed, as Jpoys 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 delired 
him to be under no uneafinefs, promifing to furnilh him 
with the verfes before the time at which they were to 
be given in. He was as good as his word ; but the 
mailer of the fchool foon difcovering 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, 
  Sullimi 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 weaknelfes to which overgrown 
boys are generally fubjedt. His father intended him 
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for the profefiion of the law; and, upon his return from Bruce. 
Harrow, he was entered into the univeriity 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 perfedlly know, 
he relinquilhed the lludy of law for the purfuits of 
trade; and, going to London, entered into partnerfiiip 
with a wine merchant of the name of Allen, vtfhoie 
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 effects; but in thefe he was dif- 
appointed, as (he 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, 4th May 1758), the inheritance of his ancei- 
tors devolved upon him, and he returned to Britain. 
Some of his fubfequent tranfadlions ihali 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 refledlion, nothing more active appearing 
within my power, when chance threw me unexpedledly 
into a very (hort 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, \ 
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 lordthip 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 gont% 
in a lethargic indilpofition, which threatened, and did 
very foon put a period to his exiftence. With Lord 
Egremont’s death my expeftations vanifhed. Further 
particulars are unneceffary ; but I hope that, at lead in 
part, they remain in that bread where they naturally 
ought to be, and where I (hall 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, vyhen 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 lordfhip faid, that nothing 
could be more 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 mylelf in 
obfcurity andidlenefs; that though war was now draw- 
ing fad to an end, full as honourable a competition re- 
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Bruce, mained among men of fpirit, which fliould acquit them- 
—y   fdves beft 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 ot 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 wifhed, therefore, that I ftiould 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- 
mift* 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 conyerfations, 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 fiiall 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 reiigned his 
confulfliip, 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 confulfhip 
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 my life applied unweariedly, perhaps with more love 
than talent, to drawing, the praCtice of mathematics, 
and efpecially that part neceflary 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- 
nifhed myfelf with a large apparatus of inftruments, the 
completeft 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- 
jections 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 affii- 
red me, in a letter accompanying my paffport, that 
thofe difficulties did not in any ffiage 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-U--^v~,“ 
out limiting their number, as ffiort or as long a time as 
ihould 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 
berore 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- v 
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 qm 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 oft 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 coniulfhip. 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 matter the Bey. I faw the ablblute 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 wdio 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 ftaid with me at Algiers, by affiduous 
application to proper fubjeCts 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- 
teClure in any part of my journey.” 

Our traveller, when in Spain, had endeavoured to 
find accefs to that immenfe collection of Arabic manu- 
fcripts udiich were perifhing in the duft of the efcurial;. 
but in vain. “ All my fuccefs (fays he) in Europe termi- 
nated in the acquilition 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 M'aracci’s Koran, had made me 
a very tolerable Arab; a great field was opening before 
me in Africa to complete a collection of manufcripts, 
an opportunity which 1 did not negleCt. 

“ After a year fpent at Algiers, conftant converfa- 
tion with the natives while abroad, and with my manu- 
fcnpts within doors, had qualified me to appear in any 
part of the continent without the help of an interpreter. 
Ludolf had aflured his readers, that the knowledge of 
any oriental language would foon enable them to ac- 
quire the, Ethiopic ; and I needed only the fame num-. 
ber of books to have made my knowledge of that lan- 
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guage go hand in hand with my attainments in the A- 
rabic. My immediate profpea of fettmg out on my 
iourney to the inland parts of Africa iiad maue me 
double my diligence ; night and day there was no re- 
laxation from thefe ftudies, although the acquiring any 
fingle language had never been with me either an objeft 
of time or difficulty.” 

At Algiers Mr Bruce was detained longer than he 
expetkd, in confequence of a difpute with the Dey 
concerning Mediterranean paffes. This being adjufted, 
he proceeded to Mahon, and from Mahon to Carthage. 
He next vilited 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 Aha 
Minor, travelled through a conhderable part of Syria 
and Paleftine, viliting Haffia, Latikea, Aleppo, and 
Tripoli; near which laft city he was again in imminent 
danger of periffiing in a river. The ruins of Palmyra 
and Baalbec were next carefully furveyed and fetched 
by him ; and his drawings of thefe places are depofited 
in the king’s library at Kew “ the molt magnificent 
prefent in that line,” to ufe his own words, “ ever made 
by a fubjed to his fovereign.” 

It is much to be regretted that Mr Bruce publilhed 
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 expeded. Some manufcript accounts of different 
parts of them are faid to have been left by him, but 
whether in fuch a Hate 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 
accomplilhment of which had ever been neareft his 
heart, the difcovery of the fources of the Nile. In the 
profecution of that dangerous objed, 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 he embarked on the Nile; and in a ve- 
ry extraordinary boat, called a canja, of which he fays 
the main-fail yard wms 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 ftood, now known by the name of Me- 
trahenny. Leaving Kenne on the Nile, 16th February 
1769, he croffed 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 the 15th of February Bruce. 
1770 at Gondar, the capital of Abyffinia, where he 
ingratiated himfelf with the molt 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- 
fcious that he was not unworthy of being a companion 
to the firft of their nobility, and the king’s gueft, which 
is there a charadter, as «it 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 trifie, of putting on the drefs, 
and fpeaking the language eafily and gracefully, I cul- 
tivated, with the utmoft affiduity, the friendfhip of the 
fair fex, by the molt modeft and refpedlful 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 iup- 
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 O&ober Mr Bruce 
fet out for the fources of the Nile ; at which long de- 
fined fpot he arrived on the 14th of November; and his 
feelings on the accompliffiment of his wilhes cannot bet- 
ter be expreffed than in his own words: 

“ It is eafier to guefs than to defcribe the fituation 
of my mind at that moment; Handing 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 difcovery at the head of ar- 
mies, and each expedition was diftinguifhed from the 
laft only by the difference of the numbers which had 
periffied, and agreed alone in the difappointment 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 ftain 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 ftood, the objeft of my vain glory, fuggefted 
what depreffed my fflort-lived triumphs.” 

If thefe triumphs were fhort-lived, they were equally 
ill-founded : for if the fource of the Nile 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 extract printed at the bottom of this page (a), 
with our traveller’s account of thefe coy fountains, as it 

Hands 

(a) “ In the eaftern part of this kingdom, on the declivity of a mountain, whofe defcent 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 Ipring, or^rather thefe two 
fprings, are two holes, each about two feet diameter, a Hone’s caft diftant from each other. I he one is about 
five feet and an half in depth, at leaft we could not get our plummet farther, perhaps becaufe it was Hopped by roots, 
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Bruce {lands in his own book or in our article Nile (Encycl.), 
—v—will be convinced that it was ridiculous in Mr Bruce, 

and is equally ridiculous in his friends, to pretend that 
be difcovered 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 profpedl of danger 
to be encountered on his return to Europe, that call 
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 goodnefs and protection 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 fait upon me, which blalted the crown of laurels 
I had too rafhly woven for rnyfelf.” 

When he returned to reft the night of that difcovery, 
repofe was fought for in vain. “ Melancholy reflections 
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 Abyflinia with all travellers who have 
once entered the kingdom ; the confcioufnefs of the 
pain that I was then occafioning to many worthy indi- 
viduals, expefting 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 poflefiion of what 
had for many years been the principal objeCt of my am- 
bition and wilhes; 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 objeft 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 
Boane ; I began, in my furrow, to treat the inquiry 
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about the fource of the Nile as a violent effort of a dif- 
tempered fancy. 1 

‘ What’s Hecuba to him, or he to Hecuba, 
‘ That he Ihould weep for her?’ 

Grief and defpondency now rolling upon me like a tor- 
rent, relaxed, not refrefhed, b%y unquiet and imperfeft 
fleep, 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 flood, was not capable either to 
promote or to interrupt my flumbers, but the coolnefs 
and ferenity of the night braced my nerves, and chafed 
away thofe phantoms that while in bed had oppreffed 
and tormented me. 

“ It was true that numerous dangers, hardfhips, and 
furrows, 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 underftand- 
ing, if any of them can be called man’s own, had uni- 
formly protedled me in all that tedious half. I found 
my confidence not abated, that ftill the fame Guide was 
able to conduct me to my wilhed-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 detur dtgniflimo, which in my cool hours 
I had thought was worth the attempting at the rifle of 
my life, which I bad 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 refledlion of the great- 
nefs of mind which Mr Bruce on other occafions un- 
queftionably difplayed ! Had he indeed been the firft 
European who difcovered thofe pitiful holes from which 
the Nile is faid to flow, his merit would not have con- 
fifted in travelling from Gondar to the village Geelh, 
and viewing the fountains which are at that village the* 
objedls of idolatrous adoration, but in the addrefs with 
which he contrived to make himfelf the favourite of all 
the factions which agitated a barbarous and almoft in- 
human nation. In managing thofe fa&ions, 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 Suppl.), and of which two had certainly 
been examined more than a century before he was born, 
by different miflionaries from the kingdom of Portu- 
gal ! This, however, he calls the objeft of his wiflies * 

R and 

Bruce. 

roots, for the whole place is full of trees: of the other, which is fomewhat lefs, with a line often 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 cninion 
that the ground is always moift, and fo foft that the water boils up under foot as one walks upon it Such ig’ 
the ground round about thefe fountains. At a little diftance to the fouth is a village named Guix (the Geefh of 
Mr Bruce), through which the way lies to the top of the mountain, whence the traveller difeovers a vaft extent 
of land, which appears like a deep valley, though the mountain rifes fo imperceptibly, that thofe who <t , "r 
down it are fcarre fenfible of any declivity.”—JoTranflation of Father Lola's Voyage to Abyflmia Chap1 X 

The only difference between Lobe’s and Bruce’s account of thefe fountains worthy of noticed that the f^* 
mer found but two, while the latter found three holes; but Bruce fays exprefsly, that the holes are partlv artifi' 

five tir “ °f thCm indiCa"‘ thC f“‘ ‘'“"S' 11 'S ^robabiChKHf; 
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and having now accompli (bed it 

'on his return to his native country. 
Ide arrived at Gondar on the ipth T\ovembei i /7^ » 

but found, after repeated folicitations, that k was by 
no means an eafy talk to obtain permiflion to quit Abyf- 
finia. 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 on the 19th, 20th, and 23d 
of May 1771. In each of them Mr Bruce ailed 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 3T'T dwts. or fomewhat 
more than 2\ lbs. troy in all. At Gondar, after thefe 
engagements, he again preferred the moll earneft entiea- 
ties to be allowed to return home, entreaties which were 
long refilled ; 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 Abyfiinia. He was induced to 
take this route from his knowledge and former expe- 
rience of the cruel and favage 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 bis foreknowledge of an eclipfe 
of the moon, which happened on the 17th of April, he 
was permitted to depart next da^, 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 defcribes in thefe exprefiive Words: “War 
and treafon feem to be the only employment of thefe 
horrid people, whom heaven has feparated by almoft 
impaffable 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 
Teferved 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 Odfober 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 
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he bent his thoughts journey 5 the perils attending which he has related with 
a power of pencil not unworthy of the greateft mafters. 
All his camels having perifhed, Mr Bruce was under the 
neceffity of abandoning his baggage in the defert, and 
with the greateft difficulty reached Afl'ouan upon the 
Nile on the 29th of November. 

After fome days reft, having procured frefh 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 Engliffi veffels belonging to Bombay 
and Bengal to bring their (hips and merchandife to 
Suez, a place far preferable in all refpefts to Jidda, to 
which they were formerly confined.. Of this permif- 
fion, which no European nation could ever before ac- 
quire, many Englifh veffels 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?$ earthly career had nearly been 
concluded by a diforder in his leg, occafioned by a 
worm in the flefh. 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- 
rafter. 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 
than temporary pofleffion. _ / 

“ A number of law-fuits were the inevitable confe- 
quences of this upon my return. To thefe difagreeable 
avocations, which took up much time , were added others 
Hill more unfortunate. The relentlefs ague, caught at 

Bengazi,. 

Bruee. 

(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 ftay at Sennaar. 
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Bruce. BengazI, maintained its ground, at times, for a fpace of 

——Y-—'' more than 16 years, though every remedy had been 
ufed, 'but in vain ; and what was worft of all, a linger- 
ing dillemper had ferioufly threatened the life of a moft 

4 near relation (his fecond wife), which, after nine years 
conftant alarm, where every duty bound me to attention 
and attendance, conducted her at laft, in very early life, 
to her grave.” 

Amidft the anxiety and the diftrefs thus occafioned, 
Mr Bruce was by no means negleftful of his private af- 
fairs. He confiderably improved his landed property, 
enclofmg and cultivating the wafte grounds, and he high- 
ly embellifhed his paternal feat, making many additions 
to the houfe, one in particular of a noble mufeum, filled 
with the moft precious ftores of oriental literature, large 
colle&ions 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 erefted fteam engines of the moft approved 
conftru&ion, and placed his coalery on fuch a footing 
that, at the period of his deceafe, it produced about 
2000I. 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 expedled 
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 Angular and extraordinary pi&ure 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 expefted 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 
feenes, different indeed from what Mr Bruce faw in 
Abyflinia, but which to us would have feemed equally 
ftrange. 

A more ferious objeftion to the truth of Mr Bruce’s 
narrative was ftarted by an anonymous, but able, cri- 

* S roofed t.ic *’ in an Edinburgh newfpaper, foon after the pub- 
to'be Dr hcation, from the account of two aftronomical phe- 
Rotheram, nomena, which could not pojjibly have happened^ as Mr 
profeffor of Bruce afferts. The firft of thefe is the appearance of 

lofoTh'^n1^6 nCW m0°n 3t Eurdlout> during Mr Bruce’s ftay in 
the umver- that Place’ 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 ephemerides 
to be three days old ; whereas it is certain that the 
moon changed on the 8th of January 1769. The other 
phenomenon appears equally impoffible. At Teaw^a 
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 
muft have begun at 36 minutes paftfour, and the moon 
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have been totally covered at 33 minutes pail five; whihi Bruce, 
the fun fet there a few minutes paft fix, before which " ' 
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 ihadow half over the difk, nor point 
it out to the Shekh. To thefe obje&ions, which ap- 
pear unfurmountable, Mr Bruce made no reply, though 
in converfation 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 has 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 knowm that a beam of wood 200 feet in 
length, muft be of proportional thicknefs, or it would 
fall in pieces by its own weight. This thicknefs muft 
be greatly increafed, to enable it to bear the ftrain 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 tailed; pine 
Hewn on Norwegian hills, to be the maft 
Of fome great admiral, were but a wand. 

The language of the work is in general harfh and un- 
poliihed, though fometimes 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 roinutenefs fo unlike deceit, that thefe 
doubts are overcome by the general imprefiion of truth, 
which the whole detail irrefiftibly fattens 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 almoft difpo- 
fed of, Mr Bruce had ftipulated with an eminent book- 
feller in London for a fecond edition to be publiihed, 
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 guefls were ready to depart, he 
was handing one of the ladies down ftairs, when, having 
reached the feventh or eighth ftep from the bottom, hit 
foot Hipped, and he fell down headlong. He was taken 
up fpeechlefs ; his face, particularly the forehead and 
temples, being feverely cut and bruifed, and the bones 
of his hands broken. He continued in a ftate of appa- 
rent infenfibility for eight or nine hours, and expired on 
Sunday the 27th, in the 64th year of his age. 

Mr Biuce s fecond wife, whom he married on the 
R 2 20th 

[ >3* 1 
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Bruce. 20th May 1776, was Mary, eldeft daughter of Tho- 
—v mm“ ' mas Dundas, Efq; of Carron-hall, by Lady Janet Miut- 

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 ; 
and at the period when he entered on his dangerous ex- 
pedition, he was equally remarkable for ftrength apd 
for agility. To thofe who never beheld him, the en- 
graved medallion in the title pages of the firll and third 
volumes of his Travels will convey fome idea of his fea- 
tures. He excelled in all manly accompliihments, being 
trained to exercife and fatigue of every kind. He was 
a hardy, pradded, and indefatigable fwjmmer ; and his 
long relidence among the Arabs had given him a more 
than ordinary facility in managing the horfe. In the ufe 
of fire-arms he 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 mailer of moll lan- 
guages ; and was fo well {killed in oriental literature, 
that he revifed the New I ellament 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 
ailronomy, and had acquired fome knowledge of phyfic 
and furgery. His memory was allonilhingly retentive, 
and his mind vigorous. He was dexterous in negocia- 
tion, a mailer of public bufinefs, and animated with the 
vvarmell zeal for the glory of his king and country. 
Such, at leall, is his own reprefentation of his charac- 
ter ; and though an impartial judge would probably 
make confiderable abatement for the natural bias of a 
man drawing his own portrait, yet it cannot be denied, 
that in perfonal accomplifhments Mr Bruce equalled, if 
not exceeded, moll of his contemporaries. 

Thus accomplilhed, he could not but be eminently 
fitted for an attempt fo full of difficulty and danger as 
what he called the difcovery of the fources of the Nile : 
no one'who perufes his account of the expedition, can 
fail to pay an unfeigned tribute of admiration to his 
intrepidity, manlinefs, and uncommon dexterity, in ex- 
tricating himfelf out of fituations the molt dangerous 
and alarming, in the courfe of his long and hazardous 
journey ; not to mention his conduct during his refi- 
dence in Abyffinia, 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 greatell advantage. Of his learning 
and fagacity, his delineation of the courfe of Solomon’s 
fleet from Tarfhilh to Ophir, his account of the caufe 
of the inundations of the Nile, and his comprehenfive 
view of the Abyffinian hillory, afford ample proofs. It 
mull 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 Hated 
the hypothells which he maintains with greater clear- 
nefs, 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 
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Tarlhilh had been controverted by Dr Doig of Stirling, 
he earnellly courted the acquaintance of that eminent 
fcholar. _ 

After his return to his own country, he refided moll- 
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 Hudious 
in youth, and at all times a llranger to intemperance 
and diffipation, 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 
friendlhips 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 fuch apprehenfions with undue 
warmth. To ftrangers he was often arrogant, and 
fometimes infolent; but in his own family he was an 
affeftionate hulband, a kind father, an agreeable enter- 
tainer, and to his fervants a mailer perhaps too indul- 
gent. In converfation, as well as in his writings, he 
embraced every opportunity of expreffing 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 Chriftian religion relied on the furell grounds j 
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. Pie 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 moll applauded fer- 
mons.” 

BUCK-wheat, a fpecies of Polyganum (fee that 
article ^Hcyr/.), was firil introduced into Europe about 
the end of the 15th or the beginning of the 16th cen- 
tury. According to fome botanifts, who lived at that 
period, its native country is the northern parts of Alia, 
whence it was brought to Germany and France, where, 
about the year 1587, it was the common food of the 
poor. 

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- 
terlburgh 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- 
nceus received the firft feeds of it in 1737 from Garber 
the botanift, and defcribed the plant in his Hortus Clif- 
fertionus. After this it was mentioned by Ammann in 
1739 : but it mull have been earlier known in Germa- 
ny ; for in 1733 it was growing in the garden oi 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 mull be fown afrelh. 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. 

Bruce, 
Buck- 
wheat, 
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Bulam. See mucK curious information concerning this plant in 
— v ; Profeffor Beckmann’s Biftory of Inventions and Di/co- 

veries. 
BULAM, or Bulama, as it is more ufually called, 

forms part of the Archipelago, or duller of iflands, ly- 
ing on the wdlern or windward coal! of Africa, and 
known by the name of the Bijfaos or B'l/fagos, which 
are fuppofed to have been celebrated by the ancients 
under the appellation of the Hefperides. It is lituated 
at the mouth of the Rio Grande, in 11° 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 ifiand has become an interefting objeft to the 
inhabitants of Great Britain, in confequence of its ha- 
ving been purchafed in the year 1792 by a fociety infti- 
tuted for the fame liumane purpofes with thofe which 
gave rife to the Sierra-Leona company (fee Sjkrra- 

" Leona, Encycl.) The Bulam affociation was formed 
towards the latter end of the year 1791; and they were 
induced to pitch upon that ifiand as the moil eligible 
trad 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 truffees for 
managing the concerns of the aflbciation at home were, 
Paul Le Mefurier, M. P. ; 'James Kirkpatrick, Efq; 
George Hartvuell, Efq; Mofes Ximenes, Efq; Sir John 
Riggs Miller, Bart, and David Scott, Efq. M. P.; and 
for eltablifhing the colony, and conduding the affairs 
of the fociety abroad, the following gentlemen were no- 
minated, viz. Mejfrs H. H. Dalrymple, John Toung, Sir 
IVilliam Halton, Bart. John King, Philip Beaver, Peter 
Clutterluck, Nicholas Bayly, Francis Brodie, Charles 
Drake, John Paiba, Richard Hancorne, Robert Dobbins, 
and Ijaac Ximenes. 

A fum of L. 9000 being quickly fubfcribed for the 
eftablifhment of the intended colony, this committee 
failed from Spithead in three fhips on the 1 ith of April 
1792 ; and landing in due time at Bulama, they pur- 
chafed that ifiand from the kings of Canabac, who 
claimed it as their property. They purchafed likewife 
from the kings of Ghinala the neighbouring ifiand Ar- 
eas, and the adjacent land on the continent ; and thefe 
feveral purchafes being taken pofTeffion of in the ufual 
form, a body of fcttlers, confifling 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 provifions, flores, plantation-tools, and merchan- 
dife, for trading with the neighbouring natives. It is 
from the difpatches of thefe fettlers, after having lived 
feme time in Bulama, that the following account of 
the ifiand 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 lets in tends greatly 
to cool and refrefh the air. The heat of the fun is not 
either fo exceffive or intolerable as has been generally 
fuppofed : indeed nature has moft 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 firft fettlers ought moft ftudioufly to avoid. 

“ It appears from Mr Beaver’s obfervations at noon, 
between the 20th of July 1792, and the 28th of April 
1793, t^at; thermometer, when lovveft, was at 74 j 
the medium heat 8j ; 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-eait 
breeze in the morning and the fouth-welf 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 30 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 flood at 85 ; the wind was at north-eail in 
the morning and fouth-wefl in the evening. 

“ Immediately after fun-fet a dew conllantly begins 
to fall, which induces fome to light a fire 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 abfence of the fun, 

“ None of thofe terrible and deltrudive hurricanes fo 
frequently experienced in the Well Indies are to be 
met with here. The tornadoes, which arife chiefly from 
the eallern point of the compafs, are but of Ihort dura- 
tion, feldom lalling above an hour, and may be readily 
forefeen fome time previoufly to their commencement. 
They occur at the beginning and clofe of the wet fea- 
fon, 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 Odlober 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 fhow'ers^ 
in the firft and laft 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 poffible, coniine themfelves to 
their habitations, as the rains prove injurious to health, 
more efpecially if thofe ex poled to them negled 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 conlid<*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 ftranger is generally here, as well as in the 
Weft Indies, fubjedl to a fever or Jeafoning on his ar- 
rival, This is not infe£lious t it proceeds perhaps from 
an increafed 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 as 
it is, might doubtlefs be avoided by means of a proper 
regimen, and a Ihort feclufion from the full adtion of 

the 
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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 htu- 
ated at the mouth of the Rio Grande, bat in the 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 fnrge ; the ebb and flow is regular, and there 
is an increafe of 16 feet of water at fpnng tide. The 
bay oppofite the Great Bulama is adorned with a num- 
ber of iflands, covered with trees, and forms a moft ex- 
cellent harbour, fufficiently 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 erefted 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 
Ihipping. 

“ 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 fea, and 
thus afford nourifhment to the oyftersthat often adhere 
to their extremities. 

“ 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 higheft fpot is from 60 
to 100 feet above the level ot 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 ; ftones do 
not here impede the labours of the farmer; and indeed 
none have hitherto been difeovered, but a fmall fort, 
refembling pieces of ore, which are to be met with on 
the fhore. There are many favannahs or natural mea- 
dows, fo extenfive that the eye can fcarcely defery their 
boundaries. Thefe are admirably adapted for the rear- 
ing of Hock 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 perfe&ion, and to much 
greater advantage, than in the exhaufted iflands of the 
Weft Indies. All kinds of tropical produftions, fuch 
as pine-apples, limes, oranges, grapes, plums, caffada, 
guava, Indian wheat, the papaw, water-melon, mufk- 
melon, the pumpkin, tamarind, banana, and numbers of 
other delicious fruits, alfo flourifh here. The adjoin- 
ing territories produce many valuable forts of fpices, 
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gums, and materials for dyeing : all of which it is but Bulam. 
fair to fuppofe, might be readily cultivated in a kindred 'V— 
climate and a congenial foil. 

“ The neighbouring feas abound with a variety of 
fifh, highly agreeable to the palate. The lion, tyger, 
jackall, &c. are natives of the continent; but in Bula- 
ma no animals have been difeovered, the wolf, fome 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 paffions : hence 
the violence of their attachment to their friends, and 
the excels of their refentment againft their enemies. 
Their notions of property are very obfeure 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 condudf 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 refpedl 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 ftock and provifions 
can be railed in the company’s fettlements, the adjacent 
iflands will furnifli abundance of cattle, hogs, fowls, See. 

' at a very cheap rate. A horfe may be purchafed at 
Goree for il. 10s. a bullock may be had from 12 s. to 
18 s. fterling : pi'ovifions of all kinds are equally reafon- 
able. Honey is alfo to be procured in great plenty, 
and bees-wax may be rendered an advantageous object 
of commercial fpeculation. 

“ In fhort, the acquifition of Bulama, Areas, and 
the adjacent territories, prefents the faireft 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 lirft fubfeription, a fettler on Bulama might pur- 
chafe 500 acres of land for L. 30 Sterling ; by the terms 
of the fecond, which we fuppofe are the terms at pre- 
fent, he might purchafe on the iflands of Bulama and 
Areas, or on that part of the adjacent ccmft which was 
ceded to the fociety by the kings of Ghinala, 200 acres 
for L. 50 fterling. 

“ The 

t J.34 3 

(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  tenilve field to nations and to individuals. To people 

thofe fertile territories, defpoiled of their inhabitants by 
the flave-trade ; to rear the productions of the climes 
between the tropics, by the affiftance 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 affiftance of the ingenious, the fupport of the 
rich, and the concurrence and good wifhes of all.” 

BUNTING, is a bird which has been defcribed un- 
der its generic name Emberiza (Encycl.) ; but there 
is one fpecies, the orangeJhouldered bunting of Latham, 
of which M. Vaillant relates fome particulars certainly 
not unworthy of notice in this place. 

“ The female of this beautiful bird (fays he) has the 
fimple colours of the fky-lark, and a Ihort horizontal 
tail, like that of almoft all other birds : the male, on 
the contrary, is wholly black except at the ftioulder 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 aflumes the more modeft drefs of his 
mate. The moft 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 ffie reaches a cer- 
tain age, and has loft the faculty of propagating the 
fpecies, Ihe clothes herfelf for the remainder of her days 
in the garb which the male had temporarily aflumed ; 
her tail, like his at that period, grows long, and, like 
his alfo, from horizontal becomes vertical. 

“ The birds of this fpecies aflbciate 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, aflume the more 
fplendid colours of the male, which they retain during 
the remainder of their lives. This faft 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 inftance. 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 poffeffion (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 perfon 
would fuppofe himfelf to fee individuals totally diffe- 
rent. A clofet-naturalift, for inftanee, (hewed 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 profeffion, and 
of extenfive pra&ice; and the family from which he 
fprung was ancient and honourable. He received the 
rudiments of his claffical 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 mafter, Burke devoted him- 
felf with great ardour, induftry, and perfeverance, to 
his ftudies; and manifefted, even from bis boyiffi days, 
a diftinguiftied 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~ 
fpeft 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 faff, 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- 
fes of life; and though he negle&ed 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 
and whilft attending to the acquifition of knowledge* 
he did not negledt 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.. j. 7 

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 fiowed with too great rapidity to 
permit him to give that patient attention to minute di- 
ftinAions, 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 flownefs of 

* apprehenfion; 
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Burke, apprehenfion ; and we have not a doubt, but that if he nate, may perhaps be a queftion, though there can be no Burke. 
—^ had poflefled the rapidity of thought which charadte- quettion whether they would have inverted himfelf with *'■' 

rifed Burke, his confutation of Hume and Berkeley an equal blaze of fplendour. 
would have been far from conclufive. It might have Difappointed in Glafgow, he went to London, where 
been equal to the EJfay on the Nature and Immutability he immediately entered himfelf of the Temple ; and as 
of Truth, but would not have been what we find it in there is reafon to believe that he was in ftraitened cir- 
The Inquiry into the Human Mind on the Principles of cumftances, he fubmitted to the drudgery of regularly 
Common Safe, and in The EJfays on the IntelleSual and writing for daily,_ weekly, and monthly publications, 
yldive Powers of Man. ertays on general literature and particular politics. The 

A talk much better fuited to Burke’s talents than profits ariiing from fuch writings were at firft fmall ; 
the writing of metaphyfical difquifitions on the fubrtra- 
tum of body, prefented itfelf to him in the year 1749, 
and a talk which was likewife more immediately ufeful. 
At that period one Lucas, a democratic apothecary, 
wrote a number of very daring papers againrt 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 counteraft it. He 
wrote feveral effays in the ftyle of Lucas, imitating it 
fo exactly as to deceive the public ; purfuing his prin- 
ciples to confequences neceffarily refulting from them, 
and Ihewing at the fame time their abfurdity and their 
danger. Thus was his firft literary effort, like his laft, 
calculated to guard his country againft anarchical inno- 
vations. 

Whilft employed in treafuring up knowledge, which 
at a future period was to command the admiration of 
liftening fenates, he did not negleft 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 falhionablc, 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 objeft of very general regard in his native country, 
he had hardly any profpeft of obtaining in it an inde- 
pendent fettlement. He therefore applied, fome time 

' after the publication of his letters expofing the doftrines 
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 Ariftotelian logic ; and 
the profeffors, inftead of employing their time in the 
analyfing of fyllogifms, deliver lectures on rhetoric and 
the principles of compofition—ledlures which no man 
was more capable of giving than the uniuccefsful can- 
didate for the profefl'orfhip in Glafgow. 

Difappointment of early views has frequently been 
the means of future advancement. Had Johnfon be- 
come mailer of the St afford fin re fchool, talents might 
have been confumed in the tuition of boys which Pro- 
vidence formed for the inftru&ion of men ; and had 
Burke obtained the profeflbrfhip of logic in Glafgow, 
he would have been the moft eloquent ledlurer in that 
univerfity, inftead of the moft brilliant fpeaker in the 
Britilh fenatg : but whether his talents might not have 
been as ufefully employed in the univerfity as in the fe- 

but they were fo neceffary to their author, that the m- 
tenfe application which they required gradually impair- 
ed his health, till at laft a dangerous iilnefs enfued, 
when he reforted for medical advice to Dr Nugent, a 
phyfician whofe Hull in his profeffion was equalled only 
by the benevolence of his heart. The Dodlor, conlider. 
ing that the noife, and various difturbances incidental to 
chambers, mull retard the recovery of his patient, fur- 
nifiied 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 Do&or’s daughter, made a deep im. 
preffion on the heart of Burke ; and as file 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 objeft 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 eftablifh- 
ment had been preferved; and to the civil eftablifiiment 
they perceived no danger in the writings of the author 
of The Patriot King. Mr Burke thought very diffe- 
rently ; and endeavoured to convince them, that if his 
Lordihip's philofophy fiiould become general, it would 
ultimately deftroy their rank, their eonfequence, and 
their property, and involve the church and ftate 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 antagonift had em- 
ployed againft religion and religious eftabiifhments. He 
argues, from the incidental abufes of political fociety, 
that political fociety muft itfelf be evil ; he goes over 
every form of civil polity, pointing out its defedls in 
the moft forcible language; and, in perfect imitation of 
the fceptical philofophy, he pulls them all down, one 
after another, without propofing any thing in their 
ftead. So complete is the irony, that to many not ac- 
quainted with fuch difquifitions, he would appear to be 
ferioufiy inveighing againit civil government ; and we 
have adlually 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 RefleBions 
on the French Revolution. 

The truth, however, is, that there is no inconfiftency 
between The Vindication of Natural Society and the la- 
telt publications of its illuftrious author. At the pe- 

riod 



Burke, 
BUR [ i 

riod when that work was publiflied, infidelity had in- 
feded only the higher orders of men, and fuch of the 
lower as had got the rudiments of a liberal education. 
Of 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 zealoufiy attached to our civil go- 
vernment as eftablifbed 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 fnevving the in- 
dilfoluble connexion between our civil and ecclefiaftical 
eftablifhments ; and -all the difference was, that he did, 
through the medium of the moft 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 defects. In 
one of the literary journals of that day, Mr Murphy 
urged objeftions againft fome of its fundamental prin- 
ciples, which, in our opinion, it would be very difficult 
to anfwer; whilfl 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- 
cifm 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 ghofl is better than 
that; you muft 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 diftinguifhed talents, and, among others, by Johnfon 
and Sir Jofhua Reynolds. The literary club which has 
been mentioned (Encycl.) in the life of Johnson, was 
inftituted for their entertainment and inftrudfion, and 
confifted at firfl of Johnfon, Burke, Reynolds, Gold- 
fmith, Dr Nugent, Mr Topham, 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 befl— Inhere is nobody——No man can be 
faid to put you in mind of Johnfon.” Nor was the 
opinion which thefe two illuitrious 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 lludy of hi- 
ilory and politics, propofed to Mr Dodfley, an eminent 
bookfeller, a plan of an Annual Register of the ci- 
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vil, political, and literary tranfa&ions of the times ; and 
the propolal being acceded to, the work was begun and L 

carried on for many years, either by Burke himfelf, or 
under his immediate jnfpe&ion. It bears indeed inter- 
nal marks of his genius, his learning, and his candour, 
being by much the moft 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 condudt of 
adminiftration, the Annual Regifter, under his manage- 
ment, continued to render juftice to. all parties. 

He {till 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 
attracted the notice of the Marquis of Rockingham, 
mat nobleman fought the acquaintance of their author! 
It was in the year 1765 that the firft 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 difintereftednefs 
and delicate integrity. Through the influence of Mr 
Hamilton, known by the appellation of Single Speech 
Hamilton, and long fufpeaed to be the author of Tu- 
thus s Letters, he had fome time before obtained a pen- 
fion of L.300 a-year on the Irifli eftablifliment; but 
this penfion he now thought it incumbent upon him to 
refign, becaufe he had connefted himfelf with a party 
oppofite in many things to the party whofe meafures 
were fupported by his friend. 

During the Rockingham adminiftration he was cho- 
len 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- 

than he had yet done, hiftory, poetry, and philofo- 
phy ; and by ftoring his mind with fafts, images, rea- 
fonings, and fentiments. He paid great attention like- 
wife 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 
bulinefs of office. 1 hat he might communicate with- * 
out embarraffment the knowledge which he had thus 
labonoufly acquired, he frequented, with many other 
men of eminence, the Robin Hood Society, where he 
pradifed the replies and contentions, of eloquence ; and 
to acquire a graceful adion, 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 felfion 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 mpft diftinguiffied member Mr Pitt af- 
terwards Earl of Chatham. ’ 

The principal objeds which engaged the attention 
ot the Rockingham adminiftration were the ferments 
m America, which was then in a ftate little fliort of re- 
bellion, on account of the famous ftamp-ad. Parlia- 

ded ■,’! 0pin'on refpe<aing that meafure. Whilft Mr Grenville and his party (under whofe au- 
Ipices the ftamp-ad had paffed into a law) were for 
enforcing obedience to it by coercive meafures, Mr Pitt 
and his followers denied that the parliament of Grear 
Britain had a right to tax the Americans; and the mar- 
quis of Rockingham, who was hardly able to carry any 
meafure in oppofition to both thefe parties, had to con- 
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fider, on this occafion, whole fentiments he would a- 
dopt. By the advice, it is faid, of Mr Butke, he cho 
a middle courfe between the two oppohte extremes. 
To gratify the Americans, he repealed the Ramp-ad , 
andfo vindicate the honour of Britain, he got a law 
paffed declaratory of her right to legillate for Amenc 
in taxation as in every other cafe. . , 

This meafure, whoever was. its author, was certainly 
not the offspring either of vvifdom or vigour. e 

mother-country had a right to legiflate >n all cafes foy 
America, obedience to the ftampad ffould certainly 
have been enforced; and the mimftry which rehnquilh- 
ed an acknowledged right, to gratify the 
pofition of diftant colonies, was obvioufly unfit to guide 
The helm of a great empire Lord Rockingham and 
his friends were accordingly difmiffed from office , a 
a new adminiftration was formed under the auipices of 
Mr Pitt, now created earl of Chatham. 

Burke, in the mean time, wrote in defence of the 
party with which he was conneded; and affumed great 
credit to it for compofmg the diftradxons of the B 
tiffi empire by the repeal of the.American ftamp-ad, 
whilft the conftitutional fupenonty of Great Britain 
was preferved by the ad for fecuring 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 duff around him. His horfes are all 
matched to his mind ; but as fome of them are young 
and Ikittifh, it is faid he has adopted the new comtn- 
vance lately exhibited by Sir Francis Delaval on Weft- 
minfter bridge : whenever they begin to fnort and tofs 
up their heads, he touches the fpnng, throws them 
loofe; and away they go, leaving his lordfhip fafe and 
fnug, and as much at his eafe as if he fat on a wool- 

P3The letter, of which this is an extrad, 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. ihe 
miniftry, indeed, which he had formed, confifted of 
very heterogeneous materials, and was not heartily ap- 
proved of by the nation. It therefore loon fell in 
pieces by its own difeord, and Lord Chatham retired 

The parliament being diffolved in i.768> 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 confidered 
as the leader. Thefe two parties, however, dittered 
widely between themfelves. Mr Grenville had pub- 
tiffied a pamphlet, intitled, The Prefent State of the Na- 
tion ; in which he very ably vindicated his own mea- 
fures, and of courfe condemned the meafures of thole 
who had fucceeded him ; and Burke replied to him, 
with greater eloquence, but perhaps with lefs of argu- 
ment, in a tra<R, intitled, Obfervations on the Prefent State 
of the Nation, in which he makes a very high panegyric 
on his own patron, and the conneftions of the party, 
and animadverts with cutting feverity on their fucceffors 
iu office. 
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About this period commenced the national frenzy 

which was excited by the expulfion of Wilkes irom the 
houfe of commons, for having printed and publifhed a 
feditious libel, and three objeene and impious libels. In the 
controverfy to which this tranfaftion gave rife, Burke 
and Johnfon took oppolite fides. Johnfon, in his Falfe 
Alarm, contends, with great ability, that the expulfion 
of a member from the houfe of commons for the com- 
miffion 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 condud of Wilkes as much as his friend, laboured 
to prove, that nothing but an ad of the legiftature can 
difqualify any perfon from fitting in parliament who is 
regularly chofen, by a majority of eledors, 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 adminiftration, re- 
fpeding Wilkes and other fubjeds, gave rife to the ce- 
lebrated Letters of Junius. That thofe compolmons 
were, in clearnefs, neatnefs, and precifion of ftyL* H- 
finitely fuperior to perhaps every other feries of newf- 
paper invedives, has never been controverted; and that 
they difplay a vaft extent of hiftorical and political in- 
formation, is known to all who are not themfelves 
ftrangers to the hiftory of this kingdom. Unclaimed 
by any author, and fuperior to the produdious of molt 
authors, they have been given to Burke, to his brother 
Richard, a man likewife of very bright talents, to Mr 
Hamilton, and to Lord George Germaine. We ffiould 
hardly hefitate to adopt the opinion of thofe who a- 
feribe them to Burke, had he not difavowed them to 
his friend Johnfon. “ I ffiould 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 ajhed him if he was the au- 
thor. A man may think he has a right to deny 
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 his command of lan' 
guage, that he could affume, and occafionally did af- 
fume, any ftyle which he chofe to imitate. He had^ 
already fo clofely imitated the very different ftyles of 
Lucas and Bolingbroke as to deceive the public ; and 
what was to hinder him from mutating the ftyle ot 
Lord George Germaine, which certainly has a ftrong 
refemblance to that of Junius? We think, however, 
with Tohnfon, that his fpontaneous difavonval ot thete 
letters ought to be held as fufficient proof that he was 
not their author. , f - 

Burke had now gotten a very pleafant villa near R23' 
consfield in Buckinghamffiire ; and being one ot the 
freeholders of the county, he drew up a petition to the 
king, complaining of the conduft ot 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 livery of 
London, as the principles of a moderate Whig are t 
thofe of a turbulent democrate. 
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Burke. About this period he ftated very clearly his own 

political principles in a pamphlet intltled, “Thoughts 
on the Caufes of the Prefent Difcontents 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 confequent efta- 
blilhments. He expreffed, 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 {hould 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 expedted 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 bilhop 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, wrere certainly greater violations of the conftitu- 
tion than the difqualification of Wilkes, or any other 
tneafure that had been carried by the court during the 
adminiftrations of Grenville and the duke of Grafton. 
Burke fhewed himfelf in this publication to be indeed 
no republican ; but every fentence of it breathed the 
fpirit of party. 

Lord North was nowr prime minifter ; and in order 
to tranquillize America, he propofed, in the beginning 
of his adminiftration, to repeal the obnoxious laws of 
his predeceflbrs in office, and to referve the duty on tea 
merely to maintain the authority of parliament. The 
conlequences of this condudl we have detailed elfewhere 
(lee Britain, EncycL); and they are too well known 
to all our readers. The part which Burke afted 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 wildom and 
patriotifm than the minifter ; for, without entering di- 
rectly 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 againft dangerous 
innovations. “ The Americans (faid he) have been 
very ferviceable to Britain under the old fyftem : do 
not, therefore, let us enter raffily upon new meafures. 
Our commercial interefts have been hitherto greatly 
promoted by our friendly intercourfe with the colonies; 
do not let us endanger pofleffion for contingency ; do 
not let us fubftitute untried theories for a fyftem expe- 
rimentally afcertained to be ufeful.” 

This w’as undoubtedly found reafoning, and everyway 
becoming a lover of his country : but his continued op- 
polition to government, after all Europe had leagued 
againft Great Britain, was a conduct which will admit 
ot 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, fuppo^s, 
fo duCtile is his imagination, that he foon conceives it 
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 dotlrine of the imprefcriptible rights of man% 
or to the aCtual innovations which fome meant to in- 
troduce on the bafis of that doftrine. His upright 
mind was indeed lufficiently guarded againft thefe no- 
velties by what he had 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 fubjeft he 
took occafion, immediately on his return, to communi- 
cate to the houfe of commons ; and to point out the 
confpiracy of atheifm 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 eftabliftied 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-mafter to the 
forces, exulted, rather childiihly, in the houfe of com- 
mons, on the happinefs wdiich 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 fliort 
to permit them to do either much good or much evil. 

On the tft 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 aftonifliment of the nation, formed 
the famous coalition with Lord North, whofe meafures 
they had lo 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- 
ffiip 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 Britilh parlia- 
ment, his oppofition proceeded rather from motives of 
prudence and expediency than from any fettled con- 
vidtion 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 unexpedted 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 178?, he found the and fome of his expreffions were highly indecent. Our Me. 

  'terms on which it had been made feverely condemned regard for his memory makes us wifh to forget them. —v— 
by North, Fox, Burke, and all their friends. The cen- Soon after the recovery of the king, the attention of 
fure paffed on it by Lord North and his followers was Burke was attrafted to* the moft momentous event of 
perfectly confident with their former conduct, and with modern times; an event which has convuded all Eu- 
the opinions which they had uniformly maintained ; rope, and of which, from the very firft, his iagacity 
but it was with no good grace that Fox and Burke, forefaw the confequences. Many of his friends m Par- 
who had offered an unconditional peace to the Dutch, liament, as well as numbers of wile and good men out 
and fo frequently propofed to recognize the indepen- of it, augured, from the meeting of the itates-geneuil 
dence of America, condemned the peace which had been of 1' ranee, great benefit to that nation, of which the 
concluded by Lord Shelburne. On this, as on many government was confidered as defpotic and opprefhve ; 
other occafions, they afted, not as enlightened politi- and fome were fanguine enough to prognofticate a new 
dans, hut as the rancorous leaders of a party. and happy order of things to all the nations connefted 

In confequence of a vote of cenfure paffed by the with France, when its government fhould become more 
commons, the minifters refigned their employments, and free. Burke thought very differently : He was well 
were fucceeded by the duke of Portland, Lord North, acquainted with the genius of the Lrench people, and 
Mr Fox, Mr Burke, and their friends. Burke had his with the principles of thofe philofophers, as they called 
former employment of paymafterto the forces ; Lord themfelves, by whom a total revolution in church and 
North and Mr Fox were fecretaries of ftate, and the ftate had long been projefted; and from the commence- 
duke of Portland was firft lord of the treafury. To ment of their career in the conftituent affemb y, when 
many perfons this miniftry had the appearance of greater they eftablifhed, as the foundation of all legal govern- 
ftrength than any that had governed the kingdom fiace ment, the metaphyfical dodrine of the rights of man,hz 
the time of Sir Robert Walpole ; but its duration was predided that torrent of anarchy and irrehgion which 
not longer than that of the preceding. On the 18th of they have fince attempted to pour over all Europe. 
November, Mr Fox introduced his famous India-bill, Fox and fome of the other leading men in oppofition 
into the merits of which it is foreign from our purpofe affe&ed to confider this as a vain fear ; and a coolnefs 
to enter: fuffice it to fay, that after being ftrongly fup- took place between them and Burke, though they ftill 
ported by Burke, and ably oppofed by Pitt and Dun- adted together in Parliament. At laft, perceiving the 
das, it paffed the houfe of commons by a very great ma- French dodfrines of liberty and equality, and atheifm, 
iority ; hut was loft in the houfe of peers, and viewed fpreading through this nation, not only among thofe 
"by the king in fuch a light, that he determined on an who had talents for fuch difquifitions, but in clubs and 
entire change of adminiftration. focieties, of which the members could be no judges of 

Mr Pitt was now placed at the head of the treafury, metaphyfical reafonmgs, he expreffed his apprehenhon 
where he has remained ever fince (1800), notwithftand- of the confequences in the houfe of commons. T^his 
ing the violent and powerful oppofition which he met brought on a violent altercation between him and Fox, 
with at firft from North and Fox and their coalefced who was fupported by Sheridan ; and a rupture took 
friends • the voice of the nation has been on his fide ; place between thefe old friends which was never healed, 
and that voice will always drown the bellowings of pa- He no more attended the meetings of the oppofition 
triotifm. members ; and in 1790 he publifhed his-celebrated Re- 

The principal events in which Burke fignalized him- pawns on the French Revolution. 
felf, fince the year .784, were the trial of Haftings, By the friends of government this work was admired 
the deliberations of the houfe on the propofed regency as the moft feafonable, as well as one of the ableft, de- 
during the lamented illnefs of the king, and the French fences of the Britifh conftitution that ever was written ; 
revolution ; and on each of thefe occafions he difplayed whilft Fox and his friends, with the great body of Eng- 
talents which aftonifhed the nation. He has, indeed, IHh diffenters, though they admitted it to be the off- 
been feverely blamed for the pertinacity with which he lpring uncommon genius, affefted to confider it as 
profecuted Mr Haftings, and his conduft has been at- declamatory rather than argumentative, and as incon- 
tributed to very unworthy motives ; but of this there fiftent with the principles which its author had hitherto 
is neither proof nor probability. The temperament of uniformly maintained. Many anfwers were written to 
his mind was fuch, that, into whatever meafure he en- it; of which the moft conlpicuous were Vindtctd! Gallicx 
tered, he entered with a degree of ardour of which by Mr Mac Intofh, and Fhe. Rights of Man by 1 homas 
cooler heads can hardly form a conception. Burke • Paine. To thefe Burke deigned not to make a direft 
was but one member of a committee which found, or reply. lie vindicated his general principles, as well as 
thought it found, evidences of the guilt of Haftings ; fome of his particular realonings, in A Letter to a Mem- 
and, in forming his opinion, it is little likely that he her of the National Apcmbly and he very comp ete y 
ftiould have been biaffed by intereft or refentment, whofe evinced the confiftency of his principles in his Appea. 
delicate fenfe of re&itude would not permit him to re- from the New to the Old Whigs. . # 
tain a penfion when he could no longer fupport the Of this great work, for great it undoubtedly is, t e 
party of that friend who had obtained it for him. merits as well as the demerits have been much exagge- 

When the eftablifhment of a regency wras thought rated ; and fome have made it a queftion, Whether it 
neceffary, he took the part, as it was called, of the has on the whole been produiftive of good or haim ? 
Prince of Wales, in oppofition to the plan propofed by By the enemies of the author, it is reprefented as na- 
Lord Thurlow and the minifter ; and we doubt not ving given rife to the fpirit. of difeontent, by exciting 
but he was adtuated by the pureft principles : but the fuch writers as Paine and his adherents, who, but foi 
language which he ufed in the houfe was vehement, the provocation given by The Repaions^ might hav^ 

remained 
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Burke, remained in filence and obfcurity. This was from the 
—v—* firft a very improbable fuppofition ; for the fpirit of de- 

mocracy has at all times been reftlefs t but fince the ap- 
pearance of ProfefTor Robifon’s Proofs of a Confpiracy, 
and Barruel’s Hiflory of 'Jacohintfm, it mult be known 
to every reader to be a fuppofxtion contrary to faft. 
The confpirators were bufy long before Burke wrote 
his RefeBions; and the friends of order and religion 
are his debtors, for having fo forcibly roufed them from 
their Humber, and put them on their guard. ■ With re- 
fpedt to compobtion, it is certainly neither fo energetic 
nor fo argumentative as the political tracts of Johnfon, 
to which fome have affedfed 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 intereilmg fubjeft, 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 ftate of France, and the alliance that was formed 
againft the new order of things in that diftradled coun- 
try, of which fome have been publiihed lince his death ; 
and having refolved to quit the buftle of public life as 
fbon as the trial of Mr Haftings fhould be concluded, 
he vacated his feat when that gentleman was acquitted, 
and retired to his villa at Beaconsfield, where, on the 
2d of Auguft 1794, he met with a heavy domeftic lofs 
in the death of his only fon. In the beginning of the 
fame year he had loft his brother Richard, whom he 
tenderly loved : but though this reiterated ftroke of 
death deeply affe&ed him, it never relaxed the vigour 
of his mind, nor leffened the intereft which he took in 
the public weal. 

In this retreat, while he was labouring for the good of 
all around him, he was difturbed by a very unprovoked 
attack upon his character by fome diftinguifhed fpeakers 
in the houfe of Peers. Soon after the death of his fon the 
king was gracioufly pleafed to’ beftow 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 
injuftice of this charge muft 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 miniftry or gall the oppofition. He 
was not a man to fubmit tamely to fuch an infult. He 
publiihed a letter on the occafion, addreffed to a noble 
lord (Earl Fitzwilliam), in which he repels the attack 
on his charafter, 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 fhall be underftood. 

Burke having employed every effort which benevo- 
lence and wifdom could devife to ftimulate civilized go- 
vernments to unite in oppofition to the impiety and 
anarchy of I'ranee, laboured likewife in private to re- 
lieve thofe who had fuffered exile and profcription from 
the direful fyftem. Through his influence a fchool was 
eftabliihed in his neighbourhood for the education of 
thofe whofe parents,, for their adherence to principle, 
were rendered unable to afford to their children ufeful 
inftrudlion ; and that fchool, which on his deathbed he 
recommended to Mr Pitt, continues to flouriih under 
his powerful protedlion,. 

1 ] BUR 
When the appearance of melioration in the principles 

and government of France induced our fovereign to 
make overtures of peace to the French diredtory, Burke 
refumed his pen ; and in a feries of letters, intitled, 
Thoughts on the PrcfpeB of a Regicide Peace, difplayed 
a force of genius which is certainly not furpaffed, and 
perhaps not equalled, even in his far-famed RcfleBions 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- 
diminilhed force and uncontradled 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 redlitude of his 
own intentions in what he had done and written refpeft- 
ing it ; entreated thofe about him to believe, that if any 
unguarded expreffion of his on the fubjedt 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 whilft one of his friends, affiifed 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, vve truft that our readers are already 
fufficiently acquainted with his general charadter. 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, he 
took every opportunity, efpecially during his laft illnefs, 
to declare his unfliaken belief of the Chriftian religion, 
his veneration for fincere Chriftians of all perfuafions, 
and his own preference of the church of England. On 
the word)ip of that church he had indeed through the 
whole of his life been a regular and devout attendant 
and the teais which the poor, in the neighbourhood oi 
his villa, filed at his funeral, gave fufficient evidence that 
his faith had been produdlive of charity. In his public 
condudt, the irritability of his temper, and the ardour 
of his imagination, fometimes hurried him into the ex- 
eefies of a mere party-man ; but we believe that his 
great religious and political principles never varied. He 
has himfelf charadterifed his public condudl in the com 
clufion of his Refledfions on the French Revolution, 
when he fays, that “ they come from one who has been 
no tool of power, no flatterer of greatnefs, and who in 
his laft adts does not wifh 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 veflel in which he fails may be endangered by over- 
loading it upon one fide, is deiirous of carrying th* 
fmall weight of his reafons to that which may preferve 
the equipoife.” 1 1 

. BURNET (James, Efq;), better known by the 
title of Lord Mcnboddo, deicended from an ancient fa*, 
mily in the county of Mearns in Scotland. He was the 
eldeft fon of Arthur Burnet, Efq; of Monboddo, where 
he was born m the year i7M. After palling through 
the ufual courfe of fchool education, he profecuted his 
ftudies at the univernties of. Aberdeen, Edinburgh, and 

Leyden, 
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Leyden, with diftlngulfiied reputation 
'ted an advocate in 1737 5 on the l2th Fe^T

ua^ 
i767, he was raifed to the bench, by the title of Lord 
Monboddo, in the room of Lord Milton, appointed a 
iudire the 4th of June 1742, and who had iucceeded 
‘Sir John Lauder of Fountainhall, admitted November 

1689 ; fo that he was only the third judge in fucceF 
fion 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 claffical literature and the law of Scotland, there 
exifts a lirong conncdiion, 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, he 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 converfa- 
tions with Dr Blackwell, the celebrated profeffor of 
that language in the Manfchal College and Univerfity 
of Aberdeen. 

His favourite ftudies, however, were not futtered 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 difcharged the duties of his high office with an 
affiduity, a patience, a clear intelligence, and inflexible 
reftitude, wduch did honour to the couit of which he 
was a judge. Like others, he was liable to error; 
but neither the awe of power, the blandiffiments of flat- 
tery, nor even compaffion for diftrcfs, could turn Loid 
Monboddo afide from what he believed to be the courfe 
of juftice. r r rr 

Several of the judges of the court of feffion were at 
that period ambitious of ffiming among philofophers 
and men of tafte ; and Lord Karnes’s Elements of Cri- 
ticifm 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 fentimentsof 
refpedt 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, 
he was induced to undertake another great work in de- 
fence of Grecian philofophy, againft the ftill more arro- 
gant claims, as he deemed them, of Bacon and New- 
ton, with their followers. With this view, he publiffi- 
ed, at different times, and in fix volumes qto, a work 
intitled Ancient Metaphyfics, fraught, it mull 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 Mr'-^1—* 
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 Intellectual 
Syjlem, that he agrees with it throughout. There is 
indeed fuch a coincidence of notions in the Intellectual 
Syftem and the Ancient Metaphyfics, that an ill-natured 
critic might be tempted to fufpeft, 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 ax\oc 
Ap'ahhrnc. His Lordffiip continued to cultivate what 
he called Greek philofophy, and to attend his judicial du- 
ties, wuth 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 fpent 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 
almoft all the moft eminent of thofe who were diftin- 
guiffied 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 Hatched away from his affections by a pre- 
mature death. But when it was too late for forrow 
and anxiety to avail, the afflicted father ftifled the emo- 
tions of nature in his breaft, and wound up the energies 
of his foul to the firmeft tone of ftoical fortitude. He 
was, in like manner, bereaved of his excellent lady, the 
objeCl of his deareft tendernefs ; and he endured the 
lofs with a limilar 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 jufticiary. But though the 
emoluments of the office would have made a convenient 
addition to his income, he refufed to accept it, left its 
bufinefs 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 be ufed then to drefs in a 
ftyle of fimplicity, as if he had been only a plain far- 
mer; and to live among the people upon his eftate 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 had 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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gurnet, upon their well-known Tour through the Highlands 
—4——'of Scotland. Johnfon admired nothing in literature 

fo much as the difplay of a keen difcvimination of hu- 
man chara&er, a juft apprehenfxon of the principles of 
moral aftion, and that vigorous common fenfe which 
is the moft happily applicable to the ordinary con- 
du£f of life. Monboddo delighted in the refinements, 
the fubtleties, the abftra&ions, the affeftations, of li- 
terature ; and, in comparifon with thefe, defpifed the 
groflhefs of modern tafte and of common aftairs. John- 
fon thought learning and fcience to be little valu- 
able, except fo far as they could be made fubiervient 
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 elpecially upon all modern things ; 
and to fit life to literature and philofophy, not litera- 
ture and philofophy to life. James Bolwell, therefore, 
in carrying Johnfon to vifit Monboddo, probably thought 
uipitting them one againft another, as two game cocks, 
and promifed himfelf much fport from the colloquial 
conteft which he expedled 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 exafperation of that dillike 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 bufmefs 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 lloth, which it was difgraceful for a man 
to make ufe of in travelling. To be dragged at the 
tail of a horfe, inftead of mounting upon his back, 
feemed, in his eyes, to be a truly ludicrous 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 fingle fervant 
attending him. He continued this practice, 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 a&ually perifhed 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 falhionable 
world. He delighted to fhew 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 fatisfaftion^ 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- ^ 
Able diminution of the pleafure he had been wont to 
enjoy in the fociety of London. 

A conftitution of body, naturally framed to wear 
well and laft long, was {Lengthened to Lord Munbod- 
do by exercife, guarded by temperance, and by a tenor 
of mind too firm to be deeply broken in upon by thofe 
paffions which confume the principles of life. In the 
country he always ufed much the exercifes of walking 
in the open air and of riding. T he cold bath was a 
means of preferving the health, to which he had re- 
courfe in all feafons, amid every feverity of the weather, 
and under every inconvenience of indifpofition or bufi- 
nefs, with a perfeverance invincible. He was 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 pratilice 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 ftriking, his virtues, and learning, and ta- 
lents, were equally ftriking ; and, taken altogether, he 
muft be confidered as a great and a good man. 

BURNS (Robert), was a native of Airfhire, one 
of the weftern counties of Scotland. He was the fou 
of humble parents ; and bis father paffed through life 
in the coixlition of a hired labourer, or of a frnall far- 
mer. Even in this fituation, however, it was not hard 
for him to fend his children to the parifh-fchool, to re- 
ceive the ordinary inftrurition 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 profeffions, 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 fhepherd. 

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 fhepherd, the peafant-youth 
often returns for a few months, eagerly to purfue his 
education at the pariih-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 difcernment and with., 
new enthufiafm : his mind's eye opened to perceive af- 
fedbing beauty and fublimity, where, by the mere grofs. 
peafant, there was nought to be feen but water, earth, 
and fky—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 Scottifh 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, tliefe Pfahns are fung 
—in folemn famxly-devbtion, a chapter of the Bible is 

read, and extemporary prayer is fervently uttered. The 
whole books of the Sacred Scriptures are thus conti- 
liiially in the hands of almolt every peafant. And it is 
impoffible that there fhould not be occafionally fome 
fouls among them, awakened to the divine emotions of 
genius by that rich affernblage which thofe books pre- 
bent, of almoft all that is interefting in incidents, or pic- 
turefque in imagery, or affedingly fublime or tender in 
fentiments and chara&er. It is impoffible that thofe 
rude rhymes, and the Ample artlefs mufic with which 
they are accompanied, ffiould 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 (hall carefully perufe his Cot- 
tar's Saturday's Night; or (hall 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 ruftic maid or matron at 
her fpinning-wheel. They are liftened to with raviihed 
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, 
ghofts, and fairies, in whofe exiftence fuperftition alone 
has believed ; the manners which they reprefent ; the 
obfolete, yet pidurefque and expreffive, 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. 

Befide all this, the Gentle Shepherd, and the other 
poems of Allan Ramfay, 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- 
tilh 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 aflbciate, 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. Cotiverfing familiarly 
for a long while with the works of thofe poets who 
were known to him ; contemplating the afped of na- 
.1 are in a diftrid which exhibits an uncommon aflem- 

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 
charader ; to difcriminate the generous, the honour- 
able, the manly, in condud, from the ridiculous, the 
bafe, and the mean — he was diftinguiftied 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 Scottifn dialed, before he conceived 
the idea of furpaffing Ramfay and Fergufon. 

Hitherto he had converfed intimately only with pea- 
fants on his own level; but having got admiffion 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 
(how him that he was indeed a poet. A mafonic fong, 
a fatirical epigram, a rhyming epiftle to a friend, at- 
tempted with fuccefs, taught him to know his own 
powers, and gave him confidence to try taiks more 
arduous, and which ftiould command ftill higher burfts 
of applaufe. 

The annual celebration of the facrament of the Lord’s 
Supper, in the rural pariflies 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 feized in it one of the happieft of all fubjeds, 
to afford fcope for the difplay of that ftrong and pier- 
cing fagacity by which he could almoft intuitively di- 
ftinguiih the reafonable from the abfurd, and the beco- 
coming from the ridiculous; of that pidurefque power of 
fancy, which enabled him to reprefent fcenes, and per- 
fons, and groupes, and looks, attitude, and geftures, in 
a manner almoft as lively and impreffive, 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, paffions, and prejudices of the 
ruftics around him, of whatever was ridiculous, no lefs 
than of whatever. was affedingly beautiful in rural 
life. 

A thoufand prejudices of Popifh, and perhaps too of 
ruder Pagan fuperftition, have from time immemorial 
been conneded 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 fubjed of a poem, and produced a piece which 
is almoft to frenzy the delight of thofe who are beft ac- 
quainted with its fubjed ; and which will not fail to 
preferve the memory of the prejudices and ufages which 
it defcribes, when they fliall perhaps have ceaied 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 ruftic’s life is humble and 
artlefs, without being mean or unfeemly—or tender and 
dignified, without afpiring to ftilted grandeur—or to 
unnatural, bulkined pathos, had deeply impreffed the 

imagination 

Burns. 
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Burns, imagination of the riling poet; had, in fome fort, 
”’~v wrought itfelf into the very texture of the fibres of his 

foul. He tried to exprefs in verfe what he moll ten- 
derly felt, what he molt enthufiaftically imagined ; and 
produced the Cottar's Saturday Night. 

xhefe pieces, the true effufions of genius, informed 
by reading and oblervation, and prompted by its own 
native ardour, as well as by friendly applaufe, were 
foon handed about among the moft 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 earneltly promoted by fome gentlemen, who were 
glad to interell themfelves in behalf of fuch fignal poe- 
tical merit ; was foon crowded with the names of a 
confiderable number of the inhabitants of Airlhire, who 
in the proffered purchafe fought not lefs to gratify 
their own paffion for Scottilh poefy, than to encourage 
the wonderful ploughman. At Kilmarnock were the 
poems of Burns for the firft time printed. The whole 
edition was quickly diflributed over the country. 

It is hardly poffible to exprefs with what eager ad- 
miration and delight they were everywhere received.— 
They eminently poflefled all thofe qualities which the 
moll 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 pidturefque ufes of poetry, without 
making it unintelligible. The imagery, the fentiments, 
were at once faithfully natural, and irrefiflibly impreffive 
and interefting. Thbfe topics of fatire and fcandal in 
which the ruftic delights ; that humorous imitation of 
charafter, and that witty affociation of ideas familiar- 
and ftriking, yet not naturally allied to one another, 
which has force to {hake his iides with laughter; thofe 
fancies of fuperflitiion, at which he flill wonders and 
trembles; thofe affedling 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- 
ting poems found their way to Edinburgh; and having 
been read to Dr Blacklock, they obtained his warmeit 
approbation. In the beginning of the winter 1786-7 
Burns went to Edinburgh, where he was received by 
Dr Blacklock with the moft flattering kindnefs, and 
introduced to every man of generofity and tafte among 
that good man’s friends. Multitudes now vied with 
each other in patronizing the ruftic poet. Thofe who 
poflefled at once true tafte and ardent philanthropy 
were foon earneftly united in his praife : they who were 
difpofed to favour any good thing belonging to Scot- 
land, purely becaufe it was Scottifti, 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 material 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 
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have fatire, and obfcenity, and ridicule of things facred. Burrs, 
fufficient to captivate their fancies ; even for the pious v— 
he had paflages in which the infpired language of de- 
votion might feem to come mended from his pen. 

_ "1 hus did Burns, ere he had been many weeks in E- 
dinburgh, find himfelf the objefl of univerfal curiofity, 
favour, admiration, and fondnefs. He was fought after, 
courted with attentions the moft refpe<ftful and affidu- 
ous, feafted, flattered, carefled, treated by all ranks as 
the firft boaft of his country, whom it was fcarcely pof- 
fible to honour and reward to a degree equal to his 
merits. In comparifon with the general favour which 
now promifed to more than crown his moft 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 earneftly called for. He fold the copy- 
right for one hundred pounds ; but his friends at the 
fame time fuggefted, and aiftively promoted, a fubfcrip- 
tion for an edition, to be publiflied for the benefit of 
the author, ere the bookfeller’s right ftiould 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 laft feries of papers; yet before the 
Lounger relinquilhed his pen, he dedicated a number to 
a commendatory criticifm of the poems of the Airlhire 
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 moft eminent authors 
is often found to be fo unequal to the fame of their 
writings, that he who reads with admiration can liften 
wdth none but fentiments of the moft profound contempt. 
But the converfation of Burns was, in comparifon with 
the formal and exterior circumftances of his education, 
perhaps even more wonderful than his poetry. He af- 
fedfted no 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 pofleffed withal an extra- 
ordinary fliare of plain common fenfe or mother-wit, 
which prevented him from obtruding upon perfons, of 
whatever rank with whom he 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 pradice of life, and whofe 
minds have been almoft exclufively confined to contem- 
plate their own (Indies and their own works. In con- 
verfation he difplayed a fort of intuitive quicknefs and 
redbtude of judgment upon every fubjeft that arofe. 
I he fen Ability 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 
thefe 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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the learned, and the wife i and the purity of his morals 
remained uncontaminated. But, alas i he fell, as otheis 
have fallen in fimilar circumttances.. He fullered 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 foohih as 
themfelves. He was not yet irrecoverably loll to tem- 
perance and moderation ; but he was already almott 
too much captivated with their wanton revels, to be 
ever more won back to a faithful attachment to their 
more fober charms. He now alfo began to contradt 
fomething of new arrogance jn converfation. Accul- 
tomed to be among his favourite alfociates what is vul- 
garly but expreffively called the^cock of the company, he 
could fcarcely refrain from indulging in fimilar freedom 
and didatorial decifion of talk, even in 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 ia- 
tisfadlion to the fuhfcribers. He was now to dole ac- 
counts with his bookfeller and his 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 
boalled his refolution to return to the plough ; yet ftill 
he lingered in Edinburgh, week after week, and month 
after month, perhaps expedling that one or other of his 
noble patrons might procure him fome permanent and 
competent annual income, which Ihould fet him, above 
all necefiity of future exertions to earn for himfelf the 
means of fubfiftence; perhaps unconfcioufiy reludant to 
quit the pleafures of that voluptuous town-life to which 
he had for fome time too willingly accuftomed himfelr. 
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 refleaion ; 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 hnn compe- 
tence without withdrawing him from his poetical llu- 
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 profefiion ; and that it became in- 
cumbent upon thofe patrons who had called him from 
the plough, not merely to make him their companion 111 
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 pofilble from being ever overwhelmed in diftrefs in 
confequence of the favour which they had fhown 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 undiffipated rural life. 

In this temper of Burns’s mind, in this ftate of his 
fortune, a farm and the excife were the objects upon 
which his choice ultimately fixed for future employment 
and fupport. By the furgeon who attended him during 

his illnefs, he was recommended with effe£l to the com- 
milfioners 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 refpeftable and happy as a farmer, generoully 
propofed to eftablilh him in a farm, upon conditions of 
leafe which prudence and induftry might eafily rendev 
exceedingly advantageous. Burns eagerly accepted the 
offers of this benevolent patron. I wo of the poet s 
friends from Airlhire were invited to furvey that farm 
in Dumfriesfhire which Mr Millar offered. A leate 
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-ftock ; and Mr Millar might, 
for fome ftiort time, pleafe himfelf with the peifualion- 
that he had approved himfelt the liberal patron of ge- 
nius ; had acquired a good tenant upon his eftate ; 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 wifiies. . 

Burns, with his Jane, whom he now married, took 
up their refidence upon his farm. The neighbouting 
farmers and gentlemen, pleafed to obtain for an inmate 
among them the poet by w’hoie works they had been 
delighted, kindly fought his company, and invited him 
to their houfes. He found an inexpreffible 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 jov in being the 
hufband of the miftrefs of his affedions, 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 neceffanly to 
debate 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 lor burns 
now to affume that fobernefs of fancy and pafiions, that 
fedatenefs of feeling, thofe habits of earneft attention to 
grofs and vulgar cares, without which fuccefs in his new 
fituation was not to be expeded. 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 ftate ot 
cultivation in which its produce might enrich the oc- 
cupier. This was not a profped 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 projedor. The bufinefs of the 
excife too, as he began to be more and more employed 
in it, diftraded his mind from the care of his farm, led 
him into grofs and vulgar fociety, and expofed him to 

- many unavoidable temptations to drunken excefs, fuc 
'as he had no longer fufficient fortitude to refill. Amidlt 
the anxieties, diftradions, and feducements which thus 
arofe to him, home became infenfibly lefs and lefs plea- fing 

Bu 
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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 diflipation ; 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 conduit by which Mr 
Millar wifhed to turn him from diffolute conviviality, 
to that iteady attention to the bufinefs of his farm, 
without which it was impoffible to thrive in it. His 
croffes and difappointments drove him every day more 
and more into difhpation ; and this diffipation tended to 
enhance whatever was dilagreeable and perplexing in 
the flate of his affairs. He funk, by degrees, into the 
boon companion of mere excifemen ; and almofl every 
drunken fellow, who was willing to fpend his money la- 
vifhly in the alehoufe, could eafily command the com- 
pany of Burns. The care of his farm was thus negledl- 
ed ; wafte and Ioffes wholly confumed his little capital; 
he religned 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-officer. 

Yet during this unfortunate period of his life, which 
puffed 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 a&ivity of his intellectual powers appeared to 
have been not at all impaired^ In a collection of Scot- 
tifh fongs, which were publifhed (the words with the 
mufic) by Mr Johnfon, engraver in Edinburgh, in 4 
vols 8vo, Burns, in many infiances, accommodated new 
verfes to the old tunes with admirable felicity and fkill. 
He affdted in the temporary inftitution of a fmall fub- 
fcription 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 phra- 
feology and manners greatly enlightened, the antiqua- 
rian refearches of the late ingenious Captain Grofe. 
He ftill carried on an epiftolary 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 fliould feem from his writings of this period, 
he reflected, with inexpreflible heart-bitternefs, on the 
high hopes from which he had fallen ; on the errors of 
moral conduft into which he had been hurried by the 
ardour of his foul, and in fome meafure by the very ge- 
nerofity of his nature; on the difgrace and wretchednefs 
into which he faw himfelf .rapidly linking ; on the for- 
row with which his mifconduCt opprelfed the heart of 
his Jane ; on the want and deftitute mifery in which it 
feemed probable that he mull leave her and their in- 
fants ; nor amidft 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 intellect far inferior, 
yet balked in the fun-lhine 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 

gloomily farcaftic ; and his converfation and writings Burns, 
began to alfume fomething of a tone of mifanthropical' ^"mm 

malignity, by which they had not been before, in any 
eminent degree, diftinguilhed. But with all thefe fail- 
ings, he was ftill that exalted mind which had railed 
itfelf above the deprclfion of its original condition : 
with all the energy of the lion, pawing to fet free his 
hinder limbs from the yet encumbering earth, he ftill 
appeared not lefs than archangel ruined ! 

His morals were not mended by his removal from 
the country. In Dumfries his diffipation became ftill 
more deeply habitual; he was here more expofed than 
in the country to be folicited to fhare the riot of the 
diftblute 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. 
1 he 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 ffiare their conviviality, and hefttated 
not to accept the invitation. 

In the intervals between his different fits of intem- 
perance, he fuffered ftill the keeneft anguifh of remorfe, 
and horribly afflidive forefight. His Jane ftill 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 laft crippled, emaciated, having the very power of 
animation wafted by difeafe, quite broken-hearted by 
the fenfe of his errors, and of the hopelefs miferies in 
which he faw himfelf and his family deprefi'ed ; with 
his foul ftill tremblingly alive to the fenfe of ffiame, aAd 
to the love of virtue ; yet even in the laft feeblenefs, 
and amid the laft agonies of expiring life, yielding rea- 
dily to any temptation that oftered the femblance of in- 
temperate enjoyment, he died at Dumfries, in the fum- 
mer of 1796, while he was yet three or four years un- 
der the age ot forty, furnifhing a melancholy proof of 
the danger of fuddenly elevating even the greateft mind 
above its original level. 

Alter his death, it quickly appeared that his failings 
had not effaced from the minds of his more refpeCtable 
acquaintance either the regard which had once been 
won by his focial qualities, or the reverence due to his 
intellectual talents. The circumftances of want in which 
he left his family were noticed by the gentlemen of 
Dumfries with earneft commiferation. His funeral was 
celebrated by the care of his friends with a decent fo- 
lemnity, and with a numerous attendance of mourners, 
fufficiently honourable to his memory. Several copies 
of verfes were inferted in different newfpapers upon the 
occafion of his death. A contribution, by fubfcription, 
was propoled, 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 juftly infer him 
to have been an honeft, proud, warm-hearted man ; of 
high paffions and found underftandiug, and a vigorous 
and excurfive imagination. He was never known to 
defcend to any aft of deliberate meannefs. In Dum- 
fries he retained many refpeCtable friends even to the 
laft ; 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 
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Burram- one remarkable fort of homage, fuch as is^never paid 
pooter, t0 great original genius ; a crowd 01 poetafters 
Butter- , ftarted up to imitate him, by writing verfes as he had 

“’“_V done in the Scottiih dialed ; but, 0 imitatores ! fervum 
perns ! To write rugged rhimes, in antiquated phrafe, is 
not to imitate the poetry of Burns. 

BURRAMPOOTER. See Sandpu, Encycl. 
BUTTER, is a fubftance fo well known, that it is 

needlefs to give here any definition of it ; but as it is, 
in this country at leaft, fo general an article of food, that 
the proper methods of making and curing it have en- 
gaged the attention of fome of our ableft writers on 
agriculture, in addition to what has been faid on thefe 
fubjeds under the titles Butter and Dairy (Encycl*) 
our readers will probably be pleafed with the following 
method of curing it, which is pradifed 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 beft 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 elofe 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 fimple 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 ffiould 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 the mixture appears of a rich marrowy confillence Butter, 
and fine colour, and never acquires a brittle hardnefs 
nor taftes fait; the other is comparatively hard and 
brittle, approaching more nearly to the appearance of 
tallow, and is much falter to the tafte. I have ate but- 
ter cured with the above compofition that had been 
kept three years, and it was as fweet as at firft ; but it 
muff be noted, that butter thus cured requires to ftand 
three weeks or a month before it is begun to be ufed. 
If it be fooner opened, the fairs 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 refpefting the proper me- 
thod of keeping both milk and butter are by the fame 
author, and.we truft may prove ufeful. Speaking ftill 
of the county of Aberdeen, he fays, “ The pernicious 
pra&ice of keeping milk in leaden veffels, and falling 
butter in ftone jars, begins to gain ground among fome 
of the fine ladies in this county, as well as elfewhere, 
from an idea of cleanlinefs. The fail is, it is juft the 
reverfe of cleanlinefs ; for in the hands of a careful per- 
fon nothing can be more cleanly than wooden dilhes, 
but under the management of a fiattern they difcover 
the fecret which ftone 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 deftruftive to the 
human conftitution. To the prevalence of this prac- 
tice I have no doubt we muft attribute the frequency 
of palfies, which begin to prevail fo much in this king- 
dom; for the well known effeft of the poifon of lead is 
bodily debility, palfy—death !” 

BYSAK, the firft month of the Bengal year, begin- 
ning in April. 

C. 

Caffies /^AFFRES, the inhabitants of Caffraria, are gene- 
. » rally confounded with the Hottentots ; but, ac- 

cording to M. Vaillant, there is a confiderable diffe- 
nence between the manners, cuftoms, and even appear- 
ance of thefe two nations. 

The Caffres, fays he, are generally taller than the 
Hottentots, more robuft, 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 flat, 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 beftow 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 ftill fhorter than 
thofe of the Hottentots, are bordered with a few rows 
of glafs beads; and in this all their luxury confifts. It 
would appear that the Caffres are not fo chafte 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- 
ftead of difplaying modefty, feems to announce the 
greateft indecency. This fmall covering adheres to a 
thong, which is fattened round their girdles, merely 

that 
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Caffres. that it may not be loft; for a CafFre, if he be not afraid 
“”"Y'" ’ of being hurt or ftung by infe<fts, 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 faihion, 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<fted 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 unexpe&ed 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 
fhare the fucceffion among them. The girls remain 
with their mothers without property of any kind until 
they can procure hufbands. One very fingular cuftom 
of the Caffres 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 
Hones colledfed into the form of a dome. 

This nation is governed by a general, chief, or king, 
whofe power is very limited. He appoints, however, 
the fubordinate chiefs over the different hordes, and 
through them communicates his diredtions or orders. 
1 he arms of the Caffre are a c/ub, 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 buih, deals out deftrudfion, without being expo- 
fed to danger. The one is a< perfidious tyger, which 
ruffles treacheroufly on his prey ; the other is a gene- 
rous lion, which, having given warning of his. approach, 
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makes his attack boldly, and periflies if he prevail not f-'^1 

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 conlideration of motion or ve- 
locity, applicable to every purpofe to which the much 
celebrated dodlrine 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 expreflion is truly and ftridtly 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, 1 have, fince it firft 
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 uncou- 
ne<fted with the ideas of motion and time, which, ftrift- 
ly fpeaking, are foreign to pure geometry and abftract 
fcience, though, in mixed mathematics and natural phi- 
lofophy, they are equally applicable to every inveftiga- 
tion, involving the coniideration of either, with the two 
numerical methods juft mentioned. And as many fuel* 
inveftigations require compofitions and decompofitions- 
of ratios, extending greatly beyond the triplicate and. 
fubtnplicate, this calculus in all of them furnifhes every 
exprelfion in a ftricfly geometrical form. The itan- 
dards of companion 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 TL reatife on the Uodtrine of Univerfal Gomparifon 
or General Proportion : And. as the limits of the pre- 
fent work will not allow .us to enter upon this fubjeft, 
we therefore refer our readers to the two above men- 
tioned treatifes, and to the fourth volume of the Tranf- 
attions of.the Royal Society of Edinburgh. 

We confefs, however, that. we do not expeft fuch 
great advantage from the employment of this calculus 
as the very acute and ingenious author feems to promife 
from it. I he mathematical world is truly indebted to 
him for the clear and diferiminating., view that he has 

takeui 
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Calculus. taken of the do&rine of univerfal comparifon, and we 
believe it to be perfe&ly accurste, and in fome refpedts 
new. Notwithilanding the continual occupation of ma- 
thematicians with ratios and analogies, their particular 
objects commonly reftriCted 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, has at once attributed to it 
all the meafurable affedtions of magnitude, addition or 
fubtradtion, multiplication or divifion, and ratio or pro- 
portion. He is perhaps the firll who has roundly con- 
lidered ratio or proportion as an affedlion of ratio ; 
and it is chiefly by the employment of this undoubted 
affedtion 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 fliort, and confider the means which 
it rnuft employ, and the notation which mull be ufed, 
we become lefs fanguine in our hopes of advantage from 
it. The notation cannot (we think) be more fimple 
than that of the fluxionary method, juftly called arith- 
metical; and if we infill 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. The fciencc of the antecedental calculus feems to 
confill 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 jimple magnitude. When it is 
not, the fame procefs is farther neceflary in both me- 
thods, for getting rid of its complication. 

We apprehend that it is a miftake that the geome- 
trical method is more abltradted than the fluxionary, 
becaufe the latter fuperadds to the notion of extenfion 
the notions of time and motion. Thefe notions were 
introduced by the illullrious inventor for the demonjlra- 
tion, 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 mod adlive 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 fhould think it a mighty ac- 
quifition ; being fully convinced that thefe afford to the 
memory or imagination an objedl (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 ffiewn a 
partiality for this method. 

It would be very prefumptuous, however, for us to 
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fay, that the accurate geometer and metaphyficltn may Calendar 
not derive great advantages from profecuting the very 11 

ingenious and recondite fpeculations of Mr Glenie, in 
his dodlrine of univerfal comparifon. 

CALENDAR, in chronology. See (Encycl.) Ka- 
lendar ; and Revolution, n° 184. 

CALIPPIC period, in chronology, a period of 76 
years, continually recurring; at every repetition of 
which, it was fuppofed by its inventor Calippus, an A- 
thenian affronomer, that the mean and new full moons 
would ahvays return to the fame day and hour. 

About a century before, the golden number, or cy- 
cle of 19 years, had been invented by Melon ; which 
Calippus finding to contain 19 of Nabonaffar’s year, 
4 days, and to avoid fraftions 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 
exadt, 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 ifland, which was viiited by fome 
of Lord Macartney’s fuite on their voyage to China. 
In confequence of that vifit, we have the following de- 
feription of it in Sir George Staunton’s Account of 
the Embaffy. 

“ 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 higheft 
peak of Callao from this harbour is about fouth-eaft, 
dittance thirty miles. The extreme points of the ifland 
lie in latitude ij° 53', and 150 57' north ; the greateft 
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 fouth-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 diftindl 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 
ffirubbery and trees of various kinds ; among which the 
elegant areca, rifing like a Corinthian column, is emi- 
nently confpicuous. A rill of clear wrater, 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 w'ere built with ftone, 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 w'ant either 
tafte or convenience. This building flood at the head 
of the principal village, which confifted of about thirty 
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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- 

ceffible 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. 

“ Befide the principal bay, there were feveral Tandy 
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- 
ftablifhment 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 {hips of any bur- 
den, and there was perfedt flielter 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 fufficiently near to 
break the force of the wind.” 

The inhabitants of this ifland are fo exceedingly fhy 
and afraid of ftrangers, that upon the approach of the 
Englifh vefiel, they all, except a very few, retired on 
board their galleys. When the Britiffi 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 reluctance 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 byway of punilhment for 
fome crime, and that he was confidered as the fitteft 
perfon to be expofed to th.e fuppofed danger of watch- 
ing the movements of the ftrangers coming affiore. In 
a little time fome others, hidden in the thickets, find- 
ing that no mifchief was fuffered by the firft, ventured 
out. None of them could underftand the Chinefe inter- 
preter ; and not being able to read or write, there was 
no converfing with them by the medium of the Chinefe 
characters. 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 invited the ftrangers to his houfe, fituated upon 
an eminence, at a little diftance. On arriving there, 
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he introduced them to his wife, an old woman, who, 
after recovering from her aftonilhment at the fight of 
figures fo different from thofe <he 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 poffeffion of this ilia nd would be of fuch im- 
portance to any European nation who wifhed to trade 
fecurely with Tung-quin and Cochin china, that it is 
faid the French had formerly fome thoughts of purcha- 
fing it. Sir George Staunton, however, is of opinion, 
that the want of (helter in the fouth-weft 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 eftablilhment 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 Britilh 
manufactures among the people of the country, the Bri- 
tilh poffeffions in Hindollan would be fure of a very 
conliderable demand for their productions. 

CAMEL, in navigation, is a machine which has 
been defcribed 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. 

“ In 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 Pampas, which is fufficiently deep for fmail 
Ihips, but not for fuch 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 chefts faftened to the bottom of each fhip ; and 
this contrivance gave rife to the invention of the camel.” 
In the Encyclopaedia Britannica its invention is <nven 
to the famous De Wit ; in the German Cyclopedia to 
Meyer a Dutch engineer of very confiderable eminence; 
but the Dutch writers, almoft unanimoufly, afcribe 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 1688, 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 fliips of war 
cannot be raifed up, in fo violent a manner, without fuf- 
taining injury. A fure proof of this is the well known 
circumftance mentioned by Mufchenbroek (Introduaio 
ad Philofoph. Natur.), that the ports of a ftiip which 
had been raifed by the camel could not afterwards be 
lhut clofely.” 

CAMELEON, one of the conftellations of the 
fouthern hemifphere, near the fouth pole, and invifible 
in our latitude. There are 10 ftars marked in this con- 
ftellation in Sharp’s catalogue. 

CAMELOPARDALUS, a new conftellation of 
the northern hemifphere, formed by Hevelius, confift- 
ing of 32 ftars, firft obferved by him. It is fituated 
between Cepheus, Caffiopeia, Perfeua, the Two Bears, 
and Draco ; and it contains 58 ftars in the Britilh ca- 
talogue. 

CAMELLIA, in botany (fee Encycl.}, is a plant 
which the Chinefe call Cha-ivha, or flower of tea, on 
account of the refemblance qf the one to the other, and 
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becaufe its petals are fometimes mixed among the teas 
to increafe their fragrance. Sir George Staunton, who 
calls it Camellia Sefanqua, faw it floimfhing on the fides 
and very high tops of mountains, where the foil con- 
fifted of little more than fragments of Hone, crumbled in- 
to a fort of coarfe earth by the joint action of the fun and 
rain. It yields, he fays, a nut, from which is expreffed 
an efeulent oil, equal to the belt which comes from Flo- 
rence. On this account, it is cultivated in vaft abun- 
dance ; and is particularly valuable from the facility of 
its culture in lituations fit for little elfe. 

CAMPBELL (George, D. D.), fo juftly admired 
for his metaphyiical acutenefs and various erudition, was, 
in 1719, born at Aberdeen, where his father, the reve- 
rend Colin Campbell, was one of the miniflers of the 
eflablifhed church. He was educated in his native city ; 
and, after palling through the ufual courfe of acade- 
mical learning, he fludied divinity under the Rev. J. 
Chalmers, profeflbr of divinity in Mariiohal College.— 
He was, in 1749, an unfuccefsful Candidate for the 
church of Fordown, though his competitor Mr For- 
bes was a man of very (lender abilities, and fuppofed to 
be attached to the conilitution and liturgy of the church 
of England. It might indeed be that attachment which 
contributed principally to procure him the living in pre- 
ference to Mr Campbell. 

The living of Fordown is in the gift of the crown ; 
and it has generally been a rule with his majefty’s mi- 
nillers, to give fuch livings, when they become vacant, 
to thofe candidates who are favoured by the majority 
of land-owners in the parifh. At the era of 1749, the 
land-owners in fome of the northern and middle coun- 
ties of Scotland were more generally attached to the 
conftitution of the church of England than to that of 
their own eftablifhment; and fuch was certainly the cafe 
in the parifli of Fordown. 

But whatever wras the caufe of Mr Campbell’s failure, 
lie failed by a very fmall number, and was not long 
without an eftablifhment. In 1750, be was prefented, 
by Sir Thomas Burnet of Leys, to the living of Ban- 
chary Ternan, on the Dee, about twenty miles weft 
from Aberdeen. From this he was tranflated, or, as 
the Scotch ecclefiaftical phrafe is, tranfported to Aber- 
deen in 1756, and nominated one of the city minifters, 
in the room of Mr John Biffet deceafed, a puritan of 
the old fchool, whofe ftri&nefs and peculiarities are yet 
remembered by many in that place. 

In 1759, on the deceafe of principal Pollock, he was 
chofen principal of the Marifchal college, and fucceeded 
to the divinity chair in 17? A on ■^l Alexander Ge- 
rard being tranllated to the profeflbrfhip of divinity in 
King’s college. Before his fettling in Aberdeen, he 
married Mils Grace Farquharlon, daughter of Mr Far- 
qubarfon of Whitehoufe, by whom he had no iffue. 
This amiable woman died about a year before him. 
They w'ere an eminent pattern of conjugal affedfion. 

From this time he enjoyed a remarkable fbare of 
good health and fpirits. He had, all his life, a rooted 
averfion to medicine. He got the better of every ail- 
ment by a total and rigorous abftinence from all kind of 
fuftenance whatever ; and it was not till he was attacked 
by an alarming illnefs, about two years before his death, 
that he was perfuaded by his friends to call in medical 
aid. What nature could do, fhe had all along performed 
well; but her day was over, and fomething of art be- 
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came neceflary. Then, for the firft time, he owned Campbell, 
the utility of medical men, and declared'his recantation 
of the very mean opinion he had formerly entertained 
of them and their art. A few months before his death, 
he refigned his offices of principal, profeflbr of divinity, 
and one of the city minifters, and was in all fucceeded 
by Dr W. L. Brown, late of Utrecht, a man of dif- 
tinguifhed abilities. Dr Campbell retained all his fa- 
culties entire to the laft, and died on the 6th of April 
1796, in the 77th year of his age. His charafter has 
been fo juftly drawn by his fucceflor, that we fhall give 
it to our readers in his words, adding only a circum- 
ftance or two, which we have reafon to think will con- 
tribute to endear his memory to every liberal and en- 
lightened mind. 

“ Dr Campbell, as a public teacher, was long ad- 
mired for the clearnefs and copioufuefs with which he 
illuftrated the great do&rines and precepts of religion, 
and the ftrength and energy with which he enforced 
them. Intimately perfuaded of the truth and infinite 
confequence of what relevation teaches, he was ftrong- 
ly defirous of carrying the fame conviction to the minds 
of his hearers, and delivered his difeourfes with that 
zeal which flows from ftrong impreflions, and that 
power of perfuafion which is the refult of fincerity of 
heart, combined with clearnefs of underftanding. He 
was fatisfied, that the more the pure dictates of the 
gofpel were ftudied, the more they would approve 
themfelves to the mind, and bring forth, in the affec- 
tions and conduCt, all the peaceable fruits of righteouf- 
nefs. The unadulterated dictates of Chriftianity, he 

therefore, only ftudious to recommend and in- 
culcate, and knew perfectly to diferiminate them from 
the inventions and traditions of men. His chief ftudy 
ever was, to direCt belief to the great objeCts of praCtice ; 
and, without thefe, he viewed the moft orthodox pro- 
feffion as “ a founding brafs, and a tinkling cymbal.” 
But, befides the character of a preacher of righteouf- 
nefs, he had alfo that of a teacher of the fcience of di- 
vinity to fuftain. How admirably' he difeharged this 
duty, and with what effeCt he conveyed the founded 
and moft profitable inftruftion to the minds of his fcho- 
lars, let thofe declare who are now in various congre- 
gations of this country, communicating to their fellow 
Chriftians the fruits of their ftudies under fo able and 
judicious a teacher. Dilcarding all attachment to hu- 
man fyftems, merely confidered as fuch, he tied his faith 
to the Word of God alone, poflefled the happieft ta- 
lent in inveftigating its meaning, and communicated to 
his hearers the refult of his own inquiries, with a pre- 
cifion and perfpicuity which brought light out of ob- 
feurity, and rendered clear and Ample what appeared 
intricate and perplexed. He expofed, without referve, 
the corruptions which ignorance, craft, and hypocrify, 
had introduced into religion, and applied his talent for 
ridicule to the belt of all purpofes, to hold up to con- 
tempt the abfurdities with which the pureft and fub- 
limeft truths had been loaded. 

“ Placed at the head of a public feminary of learn- 
ing, he felt all the importance of fuch a fituation, and 
uniformly directed his influence to public utility. His 
enlarged and enlightened mind juftly appreciated the 
extenfive confequence of the education of youth. He 
anticipated all the effe&s refulting to the great commu- 
nity of mankind, from numbers of young men ifluing. 
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Campbell, in regular fuccefiion, from the univerfity over which he 

prelided, 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 difcharging the refpeftive duties of their dif- 
ferent profeffions ; and fome of them, perhaps, filling 
the moil diffinguifhed ftations of civil fociety. With 
thefe profpedts before him, he conffantly dire&ed his 
public condud 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 intereff. 
Thofe mean and ignoble motives by which many are 
a&uated in the difcharge of important trufts, 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 (hewed him even perfonal advantage at- 
tached to fuch principles and pra&ice, 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, refpeA, and influence, 
following in the train of integrity and beneficence ; but 
contempt, difgrace, averfion,and complete infignificance, 
clofely linked to corruption and felfiflmefs. 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 
Hands 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 eftablilhing 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 againft one of its acuteft oppo- 
nents. He not only triumphantly refuted his argu- 
ments, but even conciliated his refpeA by the handfome 
and dexterous manner in which his defence was conduct- 
ed. While he refuted the infidel, he fpared the man, 
and exhibited the uncommon fpe&acle of a polemical 
writer poflefling 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 profefibrs, 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 Gcfpels. Nor were his literary 
merits confined to theology, and the ftudies more im- 
mediately conne&ed 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 affeAed 
by general charaAer. This was alfo the cafe with Dr 
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Campbell. In politics, he maintained that moderation Campbell. 
which is the fureft criterion of truth and reAitude, and ' *—^ 
was equally diftant from thofe extremes into which men 
are fo apt to run on great political queftions. He che- 
riftred that patriotilm which conlifts in wifliing, and en- 
deavouring to promote the greateft happinefs of his 
country, and is always fubordinate to univerfal benevo- 
lence. _ Firmly attached to the Britilh 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 uAron of all that is valuable in government. Par- 
ty-fpirit, of whatever defcription, he confidered* as ha- 
ving an unhappy tendency to pervert, to the moft per- 
nicious purpofes, the heft principles of the human mind, 
and to clothe the moft iniquitous aAions 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 
obftruA his good offices, or to cloud the cheerfulnefs 
of converfation. His own converfation 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 ot undoubted abilities to detraA 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 Encyclopaedia Britannica, who, 
though he had prefumed to treat the fubjeA differently 
from Dr Campbell, received from him fuch a teftimony 
of approbation of what he had done, as he will hardly 
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 his acquaintance, Dr 
Campbell poffeffed an uncommon facility of palling from 
the grave ft to the moft airy fubjeAs, and from the live- 
heft to the graveft, without degrading the one or di- 
mimfhing the pleafure of the other. The infirmities of 
age abated not the cheerfulnefs of his temper, nor did 
even the perfuafion of approaching diffolution impair 
his ferenity. r 

.We cannot conclude this fliort fhetch better than 
with a lift of his works, in the order in which they 
were publifhed. In 1752, he publifhed 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, tie 
obtained, and defervedly obtained, a very high reputa- 
tion, not only from the able manner in which he hand 
led the fubjeA, but from the liberal ftyle in which he 
addreffed his antagonift. It was fpeedily tranflated in- 
to French, German, and Dutch. 

. A Sermon before the Society for Propaga- ting Chriftian Knowledge, Edinburgh. r 6 

 — — — before the Synod of Aberdeen.- -The Philoiophy 01 Rhetoric, 2 vols 8vo. A 
work which difeovers a dearnefs of difeernment ' and 
accuracy of obfervation, which juftly entitled him to be 
ranked among tue moft judicious critics. He entered 
on this inquiry as early as 1750, when a part of the 
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Camphor, work was compofed. The laws of elegant eompolition 
' 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 fupenor, 
perhaps nothing equal, on the fubjeft, 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 abflraBlon, and fome other ob- 
jects of metaphyfical difquilxtion, we think it impoffible 
to refufe him the pre-eminence in everything but ftyle. 

1777. A Sermon on the King’s Fall-day, on Alle- 
giance,' firll printed in qto, 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 ftruggle had, however, put on 
appearances which prevented the effedl hoped for fiom 
this fermon. 

1780. An Addrefs to the People of Scotland on 
the Alarms which have been raifed by what is called 
the Popilh Bill. This is a powerful difiuafive from bi- 
gotry, and every fpecies of religious perfecution. 

17(73. His Magnum Opus. The tranflation of the 
Gofpels, with Preliminary Differtations, 2 vols qto. 

i8co. Ledlures on Ecclefiaftical Hiltory, a polthu- 
tnous work, in 2 vols 8vo ; which, in the opinion of 
moll people, Ihould have been fupprefled. 

CAMPHOR, or Camphire, (fee Encycl.), is, in 
China, obtained by boiling the branches, twigs, and 
leaves, of the Lanrus-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 conftantly llirred. 
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 veffid being placed 
over a flow fire, the camphor gradually fublimes through 
the clay and lime, and adheres to the fides of the upper 
veffel, forming a cake of a flrape correfponding to the 
cavity which received it. It is, however, lefs pure and 
much weaker than what is difeovered in a folid {late 
among the fibres of the trunk, as turpentine is. found 
in different forts of pines. In the great, but ill-peo- 
pled, ifland 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 collecting 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 infpiflated oils, which 
thus pafs for real camphor ; and this adulterated drug 
is fold by Chinefe artifts at a valtly 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 aflures 
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 malts of 
veflels, and bears too high a price to allow of any part, 
except the branches, being cut up for the fake of the 
drug.” 

CANALS of Communication may be of fuch Canals, 
advantage in a commercial or agricultural country, that r~m 

every attempt to render them more convenient, and lefs 
expenfive in the conftrudlion, is intitled to public no- 
tice. In the Encyclopsedia, 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 Ruflel-ftreet, architect. We {hall 
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 cifterns, whofe apertures of communication 
with the lock are upon different levels, and which may 
be placed or conftru&ed 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 {hut 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 
pafied 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 
{hut, 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 paffing of each veffel. The ciftern the moil 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 may be, muft all be equally divided into different 
levels; the furface of the water in the one being al- 
ways on the level of tlie 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 
wafte, it is found (according to the number of boats 
that may be expe&ed to pafs) that there will not be 
above 800 cubic feet for each ; then it will be necel- 
fary to fave five-fixths of the whole quantity that in the 
common cafe would be neceffary : to do which ten cit- 
terns muft be made (the mode of placing which is ex- 
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prefled in the drawing, fig. i. Plate VII.), each of 
which mud be one foot deep, or deeper at pleafure, 
and each mud have a furface of 360 feet fquare, equal 
to the furface of the lock. The bottom of the aper- 
ture of the lowed cidern 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 ciderns being thus 
conftrufted, 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 (hut, are to be 
opened in the following manner : firft, 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 defcending one foot alfo at the fame time ; that 
communication is then fliut, and the communication be- 
tween the lock and the fecond cidern is opened ; one 
foot more of the water then pafles into that cidern from 
the lock, and fills it ; the opening is then fliut : the 
fame is done with the third, fourth, fifth, fixth, feventh, 
eighth, ninth, and tenth, ciderns, one by one, until 
they are all filled ; and when the tenth, or lowermoA 
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 
defcend into the lower part of the canal, there is only 
two feet depth that defcends, 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 fliut, and the 
boat in the lock, the tenth or lowermoA cidern is 
emptied into the lock, which it fills one foot; the com- 
munication being then fliut, the next lowed cidern, or 
the ninth, is emptied into the lock, which is thereby 
filled another foot; and fo, in like manner, all 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, which 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 defcends from the 
upper part of the canal into the lock, that in the other 
cafe defcended 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 w'ere there no ciderns. Suppofe again that, upon 
the fame canal, and immediately after the twelve feet 
lock, it would be advantageous to con druid one of 
eighteen feet ; then, in order not to ufe any greater 
quantity of w'ater, it will be neceflary 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 neceffary to have four ciderns on different 
levels, and fo of any other height of lock. The rule 1 

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 inch as to contain one half the quan- 
tity of water meant to be ufed in the palling of one 
•boat. The depth of the lock, divided by the depth 
neceffary for fuch a cidern, will give, in all cafes, the 
whole number of ciderns, and two more : dedmd the 
number twro, 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 difl’erent 
levels, according to the rule already given. The above 
is the principle and manner of ufing the lock, for fa- 
ying water in canals, and for enabling engineers to con. 
Arndt locks of different depths upon the fame canal, 
without ufing more w\nter for the deep locks than for 
the lhallow ones. With regard to the manner of dif- 
pofing the ciderns, the circumdances of the ground, 
the declivity, &c. will be the belt guide for the engi- 
neer.” 

But fuppofmg a fufneiency of water, or admitting 
that this method of Mr Playfair’s of faving it, where 
defective, is adequate to his fondefl expe&ations, dill, 
in paffing numerous locks, where the rife is confider- 
able, the interruption is fo great, that it has often been 
wilhed that an eligible method ol lowering and eleva- 
ting boats could be devifed, without the afiidance of 
water-locks. Though this is evidently at firfl view prac- 
ticable, and feveral different modes of doing it have 
been fuggefted, fome of which have aftnally been car- 
ried into effedt, yet all of them have been found to be 
attended with fuch inconvenience as to render an im- 
provement in this refpect dill neceflary. 

In China, where water-carnage is more generally prac- 
tifed than in any kingdom of Europe, boats are railed 
and lowered from one canal into another, by Hiding them 
along an inclined plane : but the contrivances for ef- 
fefiing 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 pradfice 
in Europe. Several devices, that difcover conliderable 
ingenuity, however, have been pubhlhed, 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 Ample in their condruc- 
tion as could be wilhed, nor have they afforded fatisfac- 
tion in pradtice. 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. ^ 

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 fpirit 
there cannot be a doubt. Lnflead of applying for a pa- 
tent,^ to fecure to himfelf the fruits of his ingenuity, he 
publilhed, 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 conlidera- 
tion of the board of agriculture. He introduces it to 
public notice with juffly obferving, that it poffeffes at 
iCcift the merit of limplicity, in &S high a degree* per« 

U 2 haps, 
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Canals, haps, as coulj be wifhed ; and, “ in the opinion (fays 

•r*~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 iize, that is, of 20 tons, or down- 
wards ; and it is the opinion of moft 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 lent at once, they may be affixed to one 
another, as many as the towing-horfe can conveniently 
draw. Were boats of this lize 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 ftate 
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 horfe, 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- 
bouihood, one horfe could ferve the whole. 

“ You are to fuppofe that fig. 2. (Plate VII.) repre- 
fents a bird’s-eye view of this fimple apparatus, as feen 
from above. A is fuppofed to be the upper reach of 
the canal, and B the lower reach, with the apparatus 
between the two. This conlifts 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 e e, 
two pillars, raifed high enough to lupport the pivots 
of a wheel or pulley g, placed in the pofition there 
marked. 

“ The fecond divifion h confills of a wooden coffer, 
of the fame depth nearly as the water in the upper 
reach, and of a lizc exactly fitted to contain one of the 
boats. This communicates diredlly with the upper 
reach, and being upon the fame plane with it, and fo 
connefted with it as to be water-tight, it is evident, 
from infpeftion, 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 fuffi- 
cient height above it, fo as to occafion no fort of inter- 
ruption. 

“ Third divifion. At i is reprefented another cof- 
fer, precifely of the fame dimenfions with the firit. But 
here two fluices, which were open in the former, and 
-only reprefented by dotted lines,> are fuppofed to be 
Ihut, 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 k 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. 

] GAN 
“ Fig. 6. reprefents a perpendicular fe&ion of thefe 

parts in the fame dire&ion as in fig. 5. and in which''" 
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 puflied 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 nd fooner is it lowered down a little 
than this joining opens, the water in the fmall diviiion 
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. 

tt Suppofe the coffer now perfeftly 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. A reprefents an end view of the 
coffer, indicated by the fame letter as in fig. 2. fufpend- 
ed by its chain, and now perfectly detached from all 
other objects, and balanced by a counterpoife i, which 
is another coffer exaftly 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- 
fent, then, fuppofe that the coffer h is by fome means 
rendered more weighty than 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 reachr 
and i rifes to the level of the higher one. 

“ Fig. 4. reprefents a feftion 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 A (which is- 
concealed behind the mafonry) has defeended in the 
iruan time to the level of the lower reach, where it 
clofes by means of the junfture r j, 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 t, 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. Flere 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 1 1 thefe 

Canal*. 
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Canal*, thefe counterbalancing weights can be deftroyed at plea- miniflied in proportion to its defcent; while the weight Cana!* 
 v 1 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 uppermoil chain 
will be exadly the fame when they are both filled to was raifed 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 cefiary for pveferving the machine Heady. The under 
can be contained afloat in the coffer, the weight of the coffer, when it reached its lowelt pofition, would touch 
coffer and its contents will continue precifely the fame the bottom on its edges, which would then fupport it, 
as when it was filled with water only : hence, then, and keep every thing in the lame pofition, till it was 
fuppofmg one boat is to be lowered, or one to be raifed made lighter for the purpofe of afcending. 
at a time, or fuppoling one to be raifed and another “ What conftitutes 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 depreflion of which it 
deftroy 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 Unices both above and below clofed ; and feet than one foot) ; but it would alfo be eafy fo to 
fuppofe alfo that a ftop-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 defcend, 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 paffing : a thing that is totally impradti- 
municated, it may be prevented from accelerating', mere- cable where water-locks are employed; for the inter- 
ly by turning the ftop-cock fo as to prevent the lofs courfe, on every canal conftrudted with water-locks, is 
of more water, and thus one coffer will continue to neceflarily limited to a certain degree, beyond which it 
afcend, and the other to defcend, till they have affumed is impoflible to force it. 
their ilations refpedtively ; when, in coniequence of a “ For example : fuppofe a hundred boats are follow- 
flop below, and another above, they are rendered fta* ing each other, in fuch a rapid fucceflion as to be only 
tionary at the level of the refpedfive canals (a). half a minute behind each other: By the apparatus 

« precifely the fame effedt 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 

“ It is unneceffary to add more to this explanation, lock is fo well conftrudted 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 
fcend into muft 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 defcent for the coffer to filled, muft be again emptied before it can receive ano« 
the requifite depth ; and of courfe it will be neceffary ther in the fame diredlion) : at this rate, fix boats only 
to have a Imall 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 p^fs the whole hun« 
canal, is all that would be neceffary. dred ; and as the laft boat would reach the lock in the 

“ Where the height is inconfiderable, there will ba fpace of fifty minutes after the firth, 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 raifed.. This is an immenfe detention ; but 
weight of the undermoft coffer, fo as to make it pre- if a fucceffion of boats, at the fame rate, were to follow 
ponderate, in circumftances 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 conftrufted 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 muft be flopped; but, 
by becoming more weighty every foot it defcendedr of the plan here propofed, lixty, or fix hundred, might' 
would tend to deftroy 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 againft 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, “ This apparatus might be employed for innume- 
of the ground where the coffer is at its greateft height rable other ufes as a moving power, which it would be 
(fee fig. 3.) ; it will adt with its whole weight upon foreign to our prefent purpofe here to fpecify. Nor 
the higheft coffer while in this pofition ; but, as that, does its power admit of any limitation, but that.of the 
gradually defcended, the chain would reach the ground,, ftrength of the chain, and of the coffers which are to . 
and, being there fupported, its weight would be. drt, fupport the weights. . All the other parts admit of. 

- being"; 

(a) “ It does not feem neceffary to adopt any other contrivance than the. above for regulating the motions 5 . 
but it it fhouid be found neceffary, it would be eafy to put a ratch-wheel on the fame axled5 
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Canary- being made fo immoveably firm as to be capable of fup- 

Birc*‘ porting almoft any afiignable weight. 
" v “ I will not enlarge on the benefits that may be deri- 

ved from this very iirnple 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 watte of water it would occafion is next to nothing; 
and when it is confidered that a boat might be railed 
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- 
ying 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 
fugar-lird, becaufe it was faid to be fond of the fugar- 
cane- and could eat fugar in great abundance. This is 
rathei a lingular circumftance, fugar being to many 
fowls a poifon. Experiments have Ihewn 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 latt century canary-birds began 
to be bred in Europe ; and to this the following cir- 
cumttance, 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 illand of Elba, where they found the climate fo fa- 
vourable, that they multiplied, and perhaps would have 
become dometticated, had they not been caught in 
fnares ; for it appears that the breed of them there has 
been long deftroyed. Olina fay’s that the breed foon 
degenerated ; but it is probable that by much the 
greater part of thefe canary-birds w'ere males, which 
coupling with birds of the illand, 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 conliderable gain. It does no diferedit to the 
induttry of the Tyrolians, that they have carried it to 
the greatett extent. At Ymtt 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, Ruflia, and even 
Conftantinople. 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 tb«m about on their backs, perhaps a 

hundred miles, fell them for five fiiillings a piece. This Cana-y- 
trade, hitherto neglefted, is now^ carried on in Schwartz- 
walde ; and at prefent there is a citizen at Gottingen . ‘ e* 
who takes with him every year to England feveral ca- 
naryr-birds and bulfinches (loxiapyrrhula), with the pro- 
duce of which he purchafes fuch fmall wares as he has 
occafion for.”—ProfeJJbr Beckmann’’s Hijlory of Inven- 
tions and Difcoveries. 

CjiNARY-Seed. See Ph alar is, Encycl.—Profeflbr 
Beckmann doubts whether the plant which bears the 
canary-feed be X.\\e 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 hulks, 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 mutt, 
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 perfection of w’hich 
they feem fulceptible. Thus, for example, the light of 
a candle, which is fo exceedingly brilliant when firft 
fnuffed, is very fpeedily diminilhed 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 fnuffing, the average quantity of light afforded by 
the fame quantity of combuftible matter w’ould be more 
than doubled. It may likewife be W’orthy of inquiry, 
fince the coft and duration of candles are eafily alcer- 
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 mutt be found 
of meafuring the comparative intenfities of light, for 
which fee Photometer in this Supplement. With 
refpeCl to the defideratum firft mentioned, w’e have 
fome very ingenious obfervations and well-contrived ex- 
periments by Mr Nicholfon, in the fecond number of 
his valuable Journal, which we lhall here infert 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 flender wdek, the flame is fmall and of a brilliant 
white colour; if the wick be large, the combuftion is 
lefs perfeCI, and the flame 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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CanJIe. 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 firft place, the tallow itfelf, which 
remains in the unfufed (late, 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 (low fucceffion, through the 
whole length. Hence arifes the greater neceffity for 
frequent fnuffing the candle ; and hence alfo the ftation 
of the freezing point of the fat oil becomes of great 
confequence. For it has been (hewn, 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 mod 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 gf the material, 
which would otherwife melt the (ides of the cup, and 
run over in dreams. The flame will therefore be yel- 
low, fmoky, and obfcure, excepting for a fhort time 
immediately after fnuffing. Tallow melts at the ijzd 
degree of. Fahrenheit’s thermometer ; fpermaceti at the 
13^ degree; the fatty matter formed of fle(h, after 
long immerfion in water, melts at 127 degrees; the 
fe/a of the Chinefe at 145 degrees; bees-wax at 142 
degrees ; and bleached wax at 155 degrees. Two of 
thefe materials are well known in the fabrication of can- 
dles. 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 perfedt flame, but from its flexi- 
bility it is difpofed to turn on one fide, and come in 
eontadl with the external air, which completely burns 
the extremity of the wick to white a(hes, and thus per- 
forms the office of bluffing. 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 refpedlive 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 objedt, one of the following ef- 
fects muft be produced : Either the tallow mult be 
burned in a lamp, to avoid the gradual progreffion of 
the flame along the wick ; or fome means muft be de- 
viled to enable the candle to fnuff itfelf, as the wax 
candle does ; or, laltly, 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- 
fedl thefe ; but my hope is, that the fadls and obferva- 
tions 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. Candle, ^ 
But for the ufual purpofes of illumination, it cannot be '' ~y 

fuppofed that a perfon can attend to fupply the com- 
buftible matter. Conliderable difficulties arife in the 
projedl 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 la(t defcribed was intended to anfwer the 
fame purpofe, -and was provided with a fhort wick. 
The cylinder of tallow was fupported 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 contraction of the upper aper- 
ture. In this fituation the lamp was lighted. It burn- 
ed for fome time with a very bright clear flame, which, 
when compared with that of a candle, poffelfed the ad- 
vantage of uniform intenfity, and was much fuperior to 
the ordinary flame of a lamp in its colour, and the per- 
fect abfence of fmell. After fome minutes it began to 
decay, and very loon afterwards went out. Upon exa- 
mination, it was found that the metallic piece which 
carried the wick had fufed a fufficient quantity of tal- 
low for the fupply during the combullion ; 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- 
peCted 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 (hall not here ftate the obftacles which prefent them- 
ielves in the profpeCt of this conftruCtion, but (hall dif- 
mifs the fubjeCt 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 fituation of a body expoied to 
deftruCtive dillillation in a clofe veffel. After lofing its* 
volatile products, the carbonaceous refidue retains its fi- 
gure, until, by the defcent of the flame, the external 
air can have accefs to its upper extremity. But, in this 
cafe, the requiiite combuftion, which might fnuff' it, is 
not effected : for the portion of oil emitted by the 
long wick is not only too large to be perfectly burned, 
but alfo carries off much of the heat of the flame while 
it affumes the elaftic (late. By this diminifhed com- 
buftion and increafed efflux of half-decompofed oil, a 
portion of coal or foot is depoiited on the upper part of' 
the wick, which gradually accumulates, and at length 
aflumes the appearance of a fungus. The candle does 
not then give more than one-tenth of the light emitted 
in its bed (late. Hence it is that a candle of tallow 
cannot fpontaneoufly fnuff itfelf. It was not probable 
that the addition ot a fubftance containing vital air or 
oxygen would fupply that principlerat the precife pe- 
riod of time required ; but as experiment is the teft of 
every probability of this nature, I foaked a wick of 
cotton in a folution of nitre, then dried it, and made a 
candle. When this came to be lighted, nothing re- 
markable happened for a (hort time ; at the expiration, 
of which a decrepitation followed at the lower extremi- 
ty of the flame, which completely divided the wick. 

where 
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Candle, where the blackened part commences. The whole of 

““—* " '■ {{jg matter in combuftion therefore fell off, and the can- 
dle was of courfe inftantly extinguifhed. Whether this 
would have happened in all proportions of the fait or 
conftrudlions 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 futi- 
ble materials, will fcarcely be effe&ed but by the difco- 
very of feme 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 moil promifing fpecuiation refpefting this moft 
ufeful article, fc-ems to direft itfelf to the cup which 
contains the melted tallow. The imperfedion of this 

. part has already been noticed, namely, that it breaks 
down by fuflon, and furfers 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 flick 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, confifls of a waxy 
matter coloured red. This covering gives a confider- 
able degree of folidity to the candle, and prevents its 
•mttering, becaufe lefs fuiible than the tailow iticlf. I 
did not obferve that the flick in the middle was either 
advantageous or the contrary ; and as I now write, from 
the recolledion of this objed at fo remote a. period as 
2y years ago, I can only conjedure 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 contradion of the wax, by cooling, being 
oreater 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 moft decifive remedy for the imperfe&ion 
of this cheapeft, and in other refpe&s bell, material for 
candles, would undoubtedly be to diminifh its fufibility. 
Various fubftances may be combined with tallow, either 
in the dired or indired 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 de Phyfique. None of thefe point diredly to 
the prefent objed ; 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 direded to this important objed 
of diminilhing its folubihty ; for which reafon I {hall 
mention a few experiments made with this view. 

“ 1. Tallow was melted in a fmall filver veffel. Solid 
tallow finks in the fluid, and diffolves without any re- 
markable appearance. 2. Gum fandarach in tears was 
not difiblved, 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 confiflent. 5. Common refill 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 off. 
The compound appeared more fufible than tallow. 
7. The acid or flowers of benzoin diffolves 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 
confiderable, 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 confiftence of firm foap, 
and is partially tranfparent. 8. \ itriolated tartar, nitre, 
white fugar, cream of tartar, cryftallized borax, and 
the fait fold in the markets under the name of fait of 
lemons, but which is fuppofed to be the effential lalt 
of forrel, or vegetable alkali fuperfaturated with acid of 
fugar, were refpe&ively tried without any obvious mu- 
tual aftion or change of properties in the tallow. 9. 
Calcined magnefia rendered tallow opaque and turbid, 
but did not feem to diffolve. Its effea refembled 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 objed, in a commercial point 
of view, is intitled to an extenfive and afliduous invefti- 
gation. Chemifts in general fuppofe the hardnefs or 
lefs fufibility 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 falls and cal- 
ces are the combinations from which this principle is 
moft commonly obtained; but the combinations of thefe 
with fat oils have hitherto afforded little promife of the 
improvement here fought 1 he fubjea is, however, *0 
little known, that experiments of the loofeft and moft. 
conjeaural kind are by no means to be defpifed. ^ 

Candle. 
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Canongoes, Thus far Mr Nicholfon ,     

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 an 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 hei editary expounders or the ufages of the country. 
T. hey have their officers and deputies everywhere ; they 
are not liable to removal ; and all papers attefted by 
them are received as authentic and decifive in all dif- 
putes relative to lands and their boundaries. See Sir 
Charles Roufe Bought on's Differtation on the Landed Pro- 
perty of Bengal. 

CAOUT. CHOUC, Elastic Gum, ox Indian Rub- 
ber, is a fubftance of which a pretty full account has 
been given in the Encyclopaedia. It has there been 
likewife obferved how ufeful it might be, if we could 
form it into catheters and other flexible inftruments, by 
diflblving it in a menftruum lefs expenfive, or at leafl 
more eafily attained, than ether. Since that article was 
publiflied, we have feen an account of fuch a menftruum 
in the dnma/es de Chimie, by M. Groflart (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 difcovery by fome*experi- 
ments made with ether on caoutchouc ; of which he 
gives the following account ; 

“ It appeared, even in my firft experiments, that I 
was attempting too much, and giving myfelf ufelefs 
trouble, in fearching for a manner of completely diflbl- 
ving 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 adding upon it more than might be neceffary to 
caufe its foftened parts to reunite. Experience has 
fhewn me, that a flrong preffure made upon two pieces 
of caoutchouc (when brought to that flate of foftnefs) 
and continued until they are entirely dry, caufed them 
to contraa 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 beft 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 fingle long flip 
an'i thus unucceflary joinings are avoided, 

• r‘w’hoJe fl'P is to he plunged into ether until it is lufnciently foftened, which comes to pafs fooner or 
later according to the quality of the vitriolic ether that 
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but it is probable that ma- every edge, one agalnft the other, fo that there may 

not be any vacant fpace, and that all the edges may join 
exadtly. I he 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. 

“ The bandage is to be taken off with great care, 
that none of the outward furfaces, which may have been 
lodged within the hollows of the tape (of which the 
caoutchouc takes the exaft impreffion), may be pulled 
away. I advife the application of a tape before pack- 
thread, becaufe, efpecially in the thinner tubes, we fhould 
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 foil'd 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 
accompli filed by plunging it into hot water; for it is 
ioftened by the heat, and is diftended: without this 
precaution it would be fometimes difficult to draw it off 
™c!ry’ ^caufe, having been applied upon the mould 
whilft it had its volume augmented by the interpofition 
or 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- 
mains, notwithftanding the great volatility of the latter 
and that the apparent drynefs of the tube feems to fiievv 
that there is none remaining ; neverthelefs, after a cer- 
tain time, die odour difappears entirely. One of thofe 
tubes, which was made wirfi of*-. 

Caout- 
chouc. 

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 caufe 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, preffing it ; then the rolling is to 
be continued, mounting fpirally along the mould, and 
taking care to lay over and comprefs with the hand 

buppt. Vol. I. Part I. u 

tubes, which was made with ether after the method 
here deferibed, 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 
enential oils of lavender and of turpentine: both of them 
fpeedily dilate the caoutchouc, and are of no great 
price. 1 he difagreeable fmell of the oil of turpentine 
becomes, perhaps, in procefs of time, lefs difagreeable 
tnan that of lavender. 1 his 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- 
o 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 f . .. . 7 — wuuiu Dc made by an immediate mixture of oil of lavender with fpirit 
of wine. Immerfion ,n this liquor alfo ferves to haften 
the drying of the caoutchouc inftruments thus made 

y means of efiential 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 
itickinefs, and I know not as yet that we have any 
means whereby to get fpeedily rid of its fmell. ^ 

“ Neverthelefs there is a folvent which has not that 

mcon- 
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expence of ether Is very little, fince it is needful only to 
difpofe the caoutchouc to adhere; and being, brought 
into that Hate, ;the caoutchouc may be kept in a vetTel 
perfectly well clofed. It would alfo diminifh the ex. 
pence of the ether if, inftead of wafhing it with a large 
quantity of water, there fhould be auded to it only as 
much water as it can take up.” , 

CAP and Button, are two fmall iflands, or rather 
rocks, lying in longitude 105° 48' 30" eaft ; and m la- 
titude, the former 50 58' 30", the latter 5049' 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 tor the 
remains of old cattles, mouldering into heaps of ruins, 
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 fhape, and ter- 
minating in truncated cones; but when from a tub- 
aqueous volcano eruptions are thrown up above the 
furface of the fea, the materials, falling back into the 
water, are more irregularly djfperfed, and generally 
leave the tides of the new creation naked and milhapen, 
as in the inftance of Amsterdam, and of thofe fmaller 
fpots called, from fome refemblance in fliape, the Cap 
and Button. . , 

“ In the Cap were found two caverns, running ho- 
rizontally into the fide of the rock ; 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 what is left by the foam of the fea up- 
on Hones alternately covered by the tide, or thofe gela- 
tinous animal fubfiances found floating on every coaH. 
The nefis adhere to each other, and to the fides ot the 
cavern, mollly in rows, without any break or interrup- 
tion. The birds that build thefe nefis are fmall grey 
fwallows, with bellies of a dirty white. They were 
flying about in confiderable numbers; but they were fo 
fmall, and their flight fo quick, that they efcaped the 
fhot fired at them. The fame nefls are faid alfo to be 
found in deep caverns, at the foot of the highefi moun- 
tains in the middle of Java, and at a difiance from the 
fea, from which the birds, it is thought, derive no ma- 
terials, either for their food or the confiruaion of their 
nefis ; as it does not appear probable they mould fiy, 
in fearch of either, over the intermediate mountains, 
which are very high, or againft the boifterous winds dace in any lenlioie oegvcc uuL wmci a > & ’ They feed on infeds, which 

temperature. It is therefore at prefent ea ^ ^i^tage- they find hovering over ftagnated pools between the 
caoutchouc whatever inftruments it may r . mountains and for catching which their wide opening 
OUB to have of a flexible. Topple, and elaft.c fubtonco a“cularl a(jap

S
ted. They prepare their 

which is impermeable to water at the temp fronAhe beft remnants of their food. Their 
our atmofphere, and refifts the aftion o-t-poteft <memv is the kite, who often intercepts them nv 
as that of moft other folvents. As ^ the durability of from the caverns, which are gene- 
thefe inftruments, few fubftances promife more t lan t ns, eir P S . ^ rocks of grey limeftone or white 
Uufe it may bo foldered afrelh The ^ placed^/horiaontal rows at 
Any woven fubftance may be covered with it, it on ma . Q t0 -00 feet. The colour and 
ly required that the fubfiance fhould be of a nature not differei p ^ d ^nd the quantity and quality 
to beqafted upon during the preparation, either by ether vaiue of ^h

P
d erhaps

q
alf0 on the fituation 

or by boiling water ; for thefe two agents are thofe of th cag Thefr val 
P is chiefly determined 

which appear to me to merit the preference Artifts b
fi
U
nenefs and delicacy Gf their texture ; 

will frequently find an advantage in emp oyi g ^ y w^ite and tranfparent being moft efteem- 
as it requires lefs time ; fo that a perfon may make, in thole that ? in filver. 
a Angle day, any tube he may have occafion for, Jhe ed, and fetching otten vmina b ^ 
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inconvenience ; it is cheaper, and may eafily be procu- 
red by every one : this folvent is water. I conceive it 

' will appear ftrange to mention water as a folvent of tlaf- 
tic gum, that liquid having been always fuppofed to 
havtfno aftion upon it. I myfelf refifted the idea; but 
refledtino- that ether, by being faturated with water, is 
the better enabled to ad on caoutchouc, and that this 
gum when plunged into boiling water becomes more 
uanfparent at the edges, I prefumed that this effed 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 cHeAs I was not 
difappointed in my expeftations, and one of tbofe tubes 
tasFepared without any other folvent than water and 
heat I proceeded in the fame manner as with ether . 
the elaftic gum dilates but very little m boding water ; 
it becomes whitilh, but recovers lts colour again by dry- 
ing it in the air and light. It is fufficiently prepared 
for ufe when it has been a quarter of an hour in boiling 
water: by this time its edges are fometimes tranfpa- 
rent. It is to be turned fpirally round the mould, in 
the manner we deferibed before, and ranged fre- 
quently into the boiling water during the t,me that is 
employ ed 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 Wt fome hours 
in boiling water; after which it is to be dried, ftill keep- 

'"Vlf we wifhTfbe more certain that the connexion 
is pevfea, the fpiral may be doubled ; but we muft a - 
ways avoid placing the exterior furfaces m the flips one 
upon the other, as thofe furfaces are the parts which 
moft refill the aftion of folvents. This precaution is 
lefs neceffary when ether is employed, on account ot its 
{rreat aftion upon the caoutchouc. 

« It might be feared that the aaion of water upon 
caoutchouc would deprive us of the advantages which 
might otherwife be expeaed ; 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 aaion up- 
on caoutchouc. I can affirm, that at 120 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 Lave any tb g 
to fear in prance from a combination between thefe 
two bodies^ which, though it really is a true folution, 
does not take place in -V fenfiUe degtee tat at a^gh 
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Cap, Thefe nefts are a confiderable objeft 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- 
fected 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 fome prayers, anoint 
themfelves with fweet fcented oil, and fmoke the en- 
trance of the cavern with gum-benjamin. Near fome 
of thofe caverns a tutelar goddefs is worftiipped, whofe 
prieft burns incenfe, and lays his protecting 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 extinguifhed by fixed air or fubterra- 
neous vapours. The fwallow which builds thofe nefts 
is defcribed as not having its tail feathers marked with 

white fpots, which is a character attributed to it by 
Linnseus ; and it is poffible that there are two fpecies 
or varieties of the fwallow, whofe nefts are alike va- 
luable.” See Bmos-NeJIs, 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 betnif- 
phere, confiding 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 Head, a name 
given by fome to a fixed ftar of the firft magnitude, in 
the head of the conftellation Draco. 

CARBON. See Chemistry in this Supplement, 
Part I. Chap. II. SeCf. iii. 

CARP. See Cyprinus, both in the Encycl. and 
in this Supplement. 

CARPENTRY, 

definition. r 1 'HE art of framing timber for the purpofes of archi- 
teCture, machinery, and, in general, for all confi- 

derable ftruCtures. 
It is not intended in this article to give a full account 

of carpentry as a mechanical art, or to defcribe the va- 
rious ways of executing its different works, fuited to 
the variety of materials employed, the proceffes which 
muit be followed for fafhioning and framing them for 

, 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 conftru&ion as will unite econo- 
my with ftrength and efficacy. 

This objeft is to be attained by a knowledge, ift, of 
the ftrength of our materials, and of the abiblute ftrain 
that is to be laid on them ; zdly, of the modifications 
of this ftrain, by the place and dire&ion in which it is 
exerted, and the changes that cap be made by a proper 
difpofition of the parts of our ftrufture; and, jdly, 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, 
tarn branch which makes carpentry a liberal act, conftitutes part of 

MlfcieBcT'th6 learning of the Engineer* and diftinguifhes him 
from the workman. Its importance in all titr.es and 
ftates of civil fociety is manifeft and great. In the pre- 

fent condition of thefe kingdoms, railed, 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 (foto term it) of 
carpentry is of immenfe confequence. 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- 
fter-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 law and the chiffel of the workman. Hardly 
any oi 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 forc,Rners 
the memoirs of the learned academies differtations on 
different parts of what may be termed the fcience c/Yubjed. 
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’s 
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Nicholfon’s Carpenters, and Joiners Assistant, 
publiftied 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 obfervations than 
any book of the kind that we are acquainted with. We 
again call on fuch as have given a fcientific attention to 
this fubje£t, 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 fubje& in detail ; and we 
mull confine our obfervations to thfc' fundamental and 

4 leading propofitions. 
Theory, theor\(fo to term it) of carpentry is founded 

whafCd °n on two diftinft portions of mechanical fcience, name- 
ly, a knowledge of 'the ftrains to which framings of 
timber are expofed, and a knowledge of their relative 
llrength. _ ^ 

We fh|tll 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 propofitions we hope to deduce fuch principles as 
fhall enable an attentive reader to comprehend diitin&ly 
what is to be aimed at in framing timber, and how to 
attain this objeft with certainty : and we ihall illuf- 
trate and confirm our principles by examples of pieces 
of carpentry which are acknowledged to be excellent 

5 in their kind. 
Compofi- The molt important propofition of general mechanics 

f'llution of*to t^ie carPenter *s that which exhibits the compofition 
forces°n and refolution of forces ; and we beg our pra&ical rea- 

ders to endeavour to form very diftimSt conceptions of 
it, and to make it very familiar to their mind. When 
accommodated to their chief purpofes, it may be thus 
expreffed : 

1. If a body, or any part of a body, be at once pref- 
idateVIII. I'gjj 'n ^he two diredliows 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 affe&ed in the 
fame manner as if it were preffed by a fingle force aft- 
ing in the diretlion 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 demonftrated. We refer 
them to the article Mechanics, n° 5, &c. where it is 
treated at fome length. Such as wifii for a very accu- 
rate view of this propofition, will do well to read the 
demonftratkm given by D. Bernoulli, in the firft vo- 
lume of the Comment. Petropol. and the improvement of 
this demonftration by D’Alembert in his Qpufcles, and 
in the Comment, faurinenf. The pradlitioner in car- 
pentry will get more ufeful confidence in the dodtrine, 
if he will fhut his book, and verify the theoretical de- 

6 monftrations by adfual experiments. They are remark- 
Illuftrated ably eafy and convincing. Therefore it is our requeft 
by experi- the artift} who is not fo habitually acquainted with 
Jsent. t^e (Jq not proceed further till he has made it 

quite familiar to his thoughts. Nothing is fo condu- 
cive to this as the aftual experiment j and fince this on- 
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ly requires the trifling expcnce of two fmall pulleys and 
a few yards of whipcord, we hope that none of our 
practical readers will omit it: They will thank us for 
this injundtion. 

2. Let the threads A d, AF and AE c (fig. 2.), 
have the weights </, £, and c, 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- 
redtions AB, AC, and AK. If the fum of the weights 
b and c be greater than the fingle weight d, the aflem- 
blage will of itfelf fettle in a certain determined form j 
if you pull the knot A out of its place, it will always 
return to it again, and will reft, in no other pofition. 
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 oppofite to the 
thread flretched by five pounds will always be fquare, &c. 
When the knot A is thus in equilibrio, we mull infer, 
that tins adtion of the weight d, in the diredtion A </» 
is in diredt oppofition to the combined adtion of b, in 
the diredtion AB, and of r, in the diredtion AC. 
Therefore, if we produce J A to any point D, and 
take AD to reprefent the magnitude of the force, or 
preifure exerted by the weight d, the preflures exerted 
on A by the weights b and c, in the directions AB, 
AC, are in fadt equivalent to a preifure adting in the 
diredtion 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 
d, and if we draw DB and DC, we Ihall 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 {hall find this always to be the 
cafe, whatever are the weights made ufe of; only we 
muft take care that the weight which we caufe to adt 
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 juft, 
balance an equal weight g, pulling diredfly upwards by 
the intervention of the pulley G; and fince we fee that 
it juft balances the weights b and r, adfing in the direc- 
tions AB, AC, we muft infer, that the knot A is af- 
fedted in the fame manner by thofe two weights, or by 
the fingle weight g ; and therefore that two preffurest 
ailing in the direclions, and with the intenfities, AB, AC, 
are equivalent to a fingle prejfure having the direction and 
proportion of AD. In like manner, the preflures AB, 
AK, are equivalent to AH, which is equal and op- 
pofite to AC. Alfo AK and AC are equivalent to 
AI, which is equal and oppofite to AB. 7 

We {hall confider this combination of preffures a little Gonfiderei . , , more parti- more particularly. cularly. 
Suppofe an upright beam BA (fig. 3.) puflied in 

the diredtion 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 reft on , 
two blocks, but are nowife joined to them : thefe two 
beams can refill no way but in the diredtions CA, DA) 
and therefore the preflures which they fuftain from the 
beam BA are in the diredtions AC, AD. We wiftv 
to know how much each fuftains ? Produce BA to E, 

taking 
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taking AE from a fcalc of equal parts, to reprefent the 

' number of tons or pounds by which BA is preffed. 
- D raw 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 directions remain the 
fame. The effects, however, of this ftrain are modifi- 
ed by the length of the piece on which it is exerted. 
This ftrain comprefles 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 comprefled : 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 dowm. The artift 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 fhape which ne- 
ceffarily refults from thefe mutual ftrains. He will fee 
in this the caufe of failure in many very great works.— 
By thus changing fhape, ftrains are often produced in 
places where there were none before, and frequently of 
the very worlt 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, w'hen it is exerted on a very obtufe angle. 

The 4th and 5th figures will affift the moft uninftrucft- 
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-poll. 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 abftraftedly, merely as ftrains, in whatever fituation 
he 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-poll in fig. 5. for the loaded beam BA of 
fig. 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 compreffed by a force AF. It is evident that 
we may employ a rope, or an iron rod hooked on at D, 
in place of the batten DA, and the ftrains will be the 
fame as before. 

This feemingly Ample matter is Hill 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. y. 
we produce the fame ftrains as in the difpofition repre- 
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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. In Ihort, 
the rule is general ; that the more open we make the 
angle againft w'hich the pulh is exerted, the greater are 
the ftrains which are brought on the ftruts or ties which 
form the fides of the angle. 

The reader may not readily conceive the piece AC 
of fig. 8. as fuftaining a comp/effion ; 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 compreffion of AD is now AG', and the fore* 
ftretching AC' 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 AD can be replaced by a rope. 
It cannot, but AC' may ; and it is therefore not com- 
preffed, but ftretched. 

In fig. 10. all the three pieces, AC, AD, and AB, 
are ties on the ftretch. This is the complete inverfion 

%• 3*» and 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 rs 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 mittakes in 
this matter by the following rule, which has no excep- 
tion. g 

Take notice of the dire£lion in which the piece ads Rule for 
from which the ftrain proceeds. Draw a line in that 
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diredion/rom the point on which the ftrain is exerted • l-n? the ca" 
i„„„.u / r..„.j _r /• 1 ^ Jiesofcom- and let its length (meafured on fome fcale of equalpreffion“'d 

parts) exprefs the magnitude of this adion 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 diredion 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 
diredion produced, the piece is ftretched, and it is a 
tie. In fhort, the llrains on the pieces AC, AD, are 
to be eftimated in the diredion 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. 

In 
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In general, if the ftraining piece is within the angle 
fonned by the pieces which are drained, the drains 
which they fudain are of the dppofite kind to that 
which it exerts. If it be pufhing, they are drawing ; 
but if it be within the angle formed by their diredfions 
produced, the drains which they fudain are of the fame 
kind. All the three are either drawing or preffing. If 
the draining piece lie within the angle formed by one 
piece and the produced direction of the other, its own 
drain, whether compreflion or extenfion, is of the fame 
kind with that of the mod remote of the other two, 
-and oppofite to that of the neared. Thus, in 9. 
where AB is drawing, the remote piece AC is alfo 
drawing, while AD is pulhing or redding comprefiion. 

In all that has been faid on this fubjedf, we have not 
fpoken of any joints. In the calculations with which 
we are occupied at prefent, the reddance of joints has 
no fhare ; and we mud not fuppofe that they exert any 
force which tends to prevent the angles from changing. 
The joints are fuppofed perfe&ly dexible, 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 mud always fuppofe them all compafs 
joints when he calculates the thruds and draughts of the 
different pieces of his frames. The drains on joints, 
and their power to produce or balance them, are of a 

9 different kind, and require a very different examination. 
Genera! ex- Seeing that the angles which the pieces make with 
pieffion of eac|1 other are of fuch importance to the magnitude 

tude'ofthe and the proportion of the excited drains, it is proper to 
krain. dnd out fome way of readily and compendioudy con- 

ceiving and expreffing this analogy. 
In general, the drain on any piece is proportional to 

the draining force. This is evident. 
Secondly, the drain on any piece AC is proportional 

to the fine of the angle, which the draining force makes 
with the other piece direflly, 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 ddes of a triangle 
are proportional to the fines of the oppodte angles, the 
drains 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 FAD, which the 

, draining piece BA makes wuth the piece AC. There- 
fore we have this analogy, Sin. CAD : Sin, FAD =r 

AE : AF, and AF = AE Now tht 

Sin. CAD 
dnes of angles are mod conveniently conceived as deci- 
mal fraftions of the radius, which is conddered as uni- 
ty. Thus, Sin, 30° is the fame thing with 0,5, or 4-; 
and fo of others. Therefore, to have the drain on AC, 
aridng from any load AE aiding in the direftion AE, 
multiply AE by the fine of EAD, and divide the pro- 
du£t by the fine of CAD. 

This rule (hews how great the drains mud 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 wre fhould exped a very great quotient in this cafe 
alfo. But we mud obferve, that in this cafe the fine of 

N T R Y. 
EAD is alfo very fmall; and this is our multiplier. In 
fuch a cafe, the quotient cannot exceed unity. 

But it is unneceffary to condder the calculation by 
the tables of fines more particularly. The angles are 
feldom known any otherwife but by drawing the dgure 
of the frame of carpentry. In this cafe, we can al- 
ways obtain the meafures of the drains from the fame 
fcale, with equal accuracy, by drawing the parallelo- 
gram AFCG. ro 

Flitherto we have conddered the drains 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 fudain, or be fubje& 0t fupport. 
to, any drain, mud be fupported at their ends C and 
D ; and we may condder them as mere intermediums, 
by which thefe drains 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 mud be found for 
thefe points. Thefe may be indnitely various. We 
{hall attend only to fuch as fomehow depend on the 
framing itfelf. u 

Such a drudure as dg. 11. very frequently occurs, A&ion of a 
where a beam BA is drongly preffed to the end of an-draining 
other beam AD, which is prevented from yielding, eam* 
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 preflin e 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 aft on each other in the direftion perpen- 
dicular to their touching furfaces ; therefore the fup- 
port given by HD is in a direftion perpendicular to it. 
We may therefore fupply its place at A by a beam 
AC, perpendicular to HD, and drmly 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 
11 rain com£reffing AD, and AF is the j preffure on the 
beam HD. . II 

It may be thought, that dnee we affume as a pnn- f^ form 
ciple that the mutual preffures of folid bodies are exert-of the abut 
ed perpendicular to their touching furfaces, this ba- ting 
lance of preffures, in framings of timbers, depends on 
the direftions of their butting joints : but it does not,anjc> 
as will readily appear by conddering the prefent cale. 
Let the joint or abutment of the two pieces BA, AD 
be mitred, in the ufual manner, in the direftion/ Af*. 
Therefore, if A e be drawn perdendicular to A /, it 
will be the direftion of the aftual preffure exerted by 
the loaded beam BA on the beam AD. But the re- 
aftion of AD, in the oppodte direftion A t, will not 
balance the preffure of BA ; becaufe it is not in the 
direftion precifely oppodte. BA will therefore Aide 
along the joint, and prefs on the beam HD. AE re- 
prefents the load on the mitre joint A. Draw E e per- 
pendicular to Ae, and E f parallel to it. The preffure 
AE will be balanced by the reaftions e A and /A: or, 
the preffure AE produces the preffures A ? and A f; 

of 
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©f which A / muft be refifted by the beam HD, and 
A e by the beam AD. The preflure A f not being 
perpendicular to HD, cannot be fully refifted by it; 
becaufe (by our affumed principle) it reafts only in 
a dire&ion perpendicular to its furface. Therefore draw 
f p, f t parallel to HD, and perpendicular to it. The 
preflure A f will be refifted by HD with the' force p A ; 
but there is required another force i A, to prevent the 
beam BA from flipping outwards. This muft be furnifh- 
ed by the reaftion of the beam DA.—In like manner, 
the other force A e cannot be fully refifted by the beam 
AD, or rather by the prop D, adding by the interven- 
tion of the beam ; for the adlion of that prop is exert- 
ed through the beam in the dire&ion DA. The 
beam AD, therefore, is prefled to the beam HD by 
the force A e, as well as by Ay. To find what this 
preflure 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 refift, and balance A e. 

Thus we fee, that the two forces A e and A f, which 
are equivalent to AE, are equivalent alfo to A />, A i, 
A 0, and Pig. But becaufe A f and e E are equal and pa- 
rallel, and E r and f i are alfo parallel, as alfo e r and 
yp, it is evident, that if is equal to r E, or to 0 F, and 
iA is equal to re, or to G g. Therefore the four forces 
A.g, Ao, Ap, At, are equal to AG and AF. There- 
fore AG is the compreffion of the beam AD, or the 
force prefling it on D, and AF is the force prefling it 
on the beam HD. The proportion of thefe preflures,; 
therefore, is not affefted by the form of the joint. 

This remark is important; for many carpenters think 
the form and diredlion of the butting joint of great 
importance ; and even the theorift, 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 affefts the ftrains in the direc- 
tion of the beams-; but it is often of great confequence, 
in refpect to its- own firmnefs, and the effeft it may 
have in bruifing the piece on which it a£ls, or being 

13 crippled by it. 
Origin of The. fame compreflion of AB, and the fame thruft on 
the Itrain the point D by the intervention of AD, will obtain, in 

whatever way the original preflure on the end A is pro- 
duced. Thus fuppofing that a cord is made faft at 
A, and pulled in the direction AE, and with the fame 
force, the beam AD will be equally comprefled, and 
the prop D muft readf with the fame force. 

But it often happens that the obliquity of the pref- 
fure on AD, inftead of comprefling it, ftretches it ; 
and we defire to know what tenfion it fuftains ? 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 fuppofe the 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 bf and 
lg parallel to AD and AC, Pig and Af will reprefent 
the preffures on AC and AD. Produce AG till CH- 
be equal to Af. The point C is forced out in this di- 
redtion, and with a force reprefented-by this line. As . 
this force is not perpendicularly acrofs the beam, it evi- 
dently ftretches it; and this extending force muft be 
withftood by an equal force pulling it in the oppofite 
dire&ion. Tins mult arife from a fimilar oblique thruit 

of the oppofite rafter on the other end D. We con- 
cern ourfelves only with this extenfion at prefent; but 
we fee that the cohefion of the beam does nothing but 
fupply the balance to the extending forces. It muft 
ftill be fupported externally, that it may rejtjl, and, by 
refilling obliquely, be ftretched. The points C and D 
are fupported on the walls, which they prefs in the di- 
rections CK and DO, parallel to A b. If we draw HK 
parallel to DC, and HI parallel to CK (that is, to Ab),. 
meeting DC produced in I, it follows from the com- 
pofition 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 go and fk parallel to DC, 
it is plain that they are equal to NO and CK, while 
Ao and Ab are equal to DO and CK, and Ab is 
equal to the fum of DO and CK (becaufe it is equal to 
Ao -f- A b). The weight of the roof is equal to its 
vertical preflure on the walls. 

Thus we fee, that w ^le a preflure on A, in the di- 
redlion Ab, produces the ftrains Af and Ag, on the 
pieces AC and AD, it alfo excites a ftrain 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.ernal 

confideration of the ftrains on the two pieces AD ^ 
AC, by the adtion of a force at A, only fliewed them 
as the means of propagating the fame ftrains in their 
own diredlion to the points of fupport. But, by add- 
ing the ftrains exerted in DC, we fee that the frame 
becomes an intermedium, by which exertions may be 
made on other bodies, in certain diredlions and propor- 
tions ; fo that this frame may become part of a more 
complicated one, and, as it were, an element of its con- 
ftitution. It is worth while to afcertain the proportion 
of the preflures CK and DO, which are thus exerted, 
on the walls. The fimilarity of triangles gives the fol-. 
lowing analogies : . 

DO : DM = A b : b D 
Cl, or DM : CK = Cb: Ab 

Therefore DO : CK = Cb :bT>. 
Or, the preffures on the points C and D, in the direction of 
the framing force A b, are reciprocally proportional to the 
portions of DC intercepted by A b. 

Alfo, lince A £ is = DO -{- CK, we have 
Ab ; CK = Cb 3D (or CD) b D, and 
A b : DO = CD : bC. 

In general, any two of the three parallel forces A b, 
DO, CK) are to each other in the reciprocal propor- 
tion of the parts of -CD, intercepted between their di- 
redlions and the direction of the third. 

And this explains a ftill more important office of the 
frame ADC. If one of the points, fuch as D, be flip-- 
ported, an external power a&ing at A, in the direfh'on 
A b, and with an intenfity w hich may be meafured by 
A b, may be fet in equilibrio, with another a&ing at C, 
in the dire&ion CL, oppofite to CK or A b, and with 
an intenfity reprefented by CK : for fince the preflure 
CH is partly wkhftood 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 
fupport 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 
manner, we may negleft the fupport or force atting at 
A, and confider the.force DO as balanced by CK. 

Thus our frame becomes a lever, and we are able to 
trace the interior mechanical procedure which gives it 
its efficacy : it is by the intervention of the forces of 
cohefion, which connect the points to which the exter- 
nal forces are applied with the fupported point or ful- 
crum, and with each other. 

Thefe ftrains or preffures A b, DO, and CK, not be- 
ing in the diredtions of the beams, may be called tranf- 
verfe. Wp fee that by their means a frame of carpen- 
try may be confidered as a folid body: but the example 
which brought this to our view is too limited for ex- 
plaining the efficacy which may be given to fuch con- 
Itrudtions. We (hall therefore give a general propor- 
tion, which will more diftinftly explain the procedure 
of nature, and enable us to trace the {trains as they are 
propagated through all the parts of the-molt complica- 
ted framing, finally producing the exertion of its molt 
diltant points. 

We prefume that the reader is now pretty well habi- 
tuated to the conception of the {trains as they are pro- 
pagated along the lines joining the points of a frame, 
and we {hall therefore employ a very Ample figure. 

Let the ftrong lines ACBD (fig. 13.) reprefent a 
frame of carpentry. Suppofe that it is pulled at the 
point A by a force acting in the diredtion AE, but 
that it relts on a fixed point C, and that the other ex- 
treme point B is held back by a power which refills in 
the diredtion BF : It is required to determine the pro- 
portion of the ftrains excited in its different parts, the 
proportion of the external preffures at A and B, and 
the preffiure which is produced on the obftacle or ful- 
crum C ? 

It is evident that each of the external forces at A 
and B tend one way, or to one fide of the frame, and 
that each would caufe it to turn round C if the other, 
did not prevent it; and that if, notwithftanding their ac- 
tion, it is turned neither way, the forces in adtual exer- 
tion are in equilibrio by the intervention of the frame. 
It is no lefs evident that thefe forces concur in preffing 
the frame on the prop C. Therefore, if the piece CD 
were away, and if the joints C and D be perfedtly flexi- 
ble, the pieces C A, CB would be turned round the prop 
C, and the pieces AD, DB would alfo turn with them, 
and the whole frame change its form. This fhews, 
by the way, and we defire it to be carefully kept in 
mind, that the firmnefs or ftiffnefs of framing depends 
entirely on the triangles bounded by beams which are 
contained in it. An open quadrilateral may always 
change its fivape, the fidcs revolving round the angles. 
A quadrilateral may have an infinity of torms, without 
any change of its fides, by merely puffiing two oppo- 
fite angles towards each other, or drawing them afun- 
der. But when the three fides of a triangle are deter- 
mined, its fhape is alfo invariably determined ; and if 
two angles be held fall, the third cannot be moved. It 
is thus that, by inferting. the bar CD, the figure be- 
comes unchangeable ; and any attempt to change it by 
applying a force to an angle A, immediately excites 
forces of attraction or repulfion between the particles 
of the fluff which form its fides. Thus it happens, in 
the prefent inftance, that a change of fhape is prevented 
by the bar CD. The power at A preffes its end againft 

the prop; and in doing this it puts the bar AD on the 
ftretch, and alfo the bar DB. Their places might there- 
fore be fupplied by cords or metal wires. Hence it is 
evident that DC is compreffed, as is alfo AC : and, for 
the fame reafon, CB is alfo in a Hate of compreffion ; 
for either A or B may be confidered as the point that 
is impelled or withheld. Therefore DA and DB are 
ftretched, and are refilling with attractive forces. DC 
and CB are compreffed, and are refilling with repulfive 
forces. DB is alfo afting with repulfive forces, being 
compreffed in like manner: and thus the fupport of 
the prop, combined writh the firmnefs of DC, puts the 
frame ADBC into the condition of the two frames in 
fig. 8 and fig. 9. Therefore the external force at A 
is really in' equilibria with an attracting force afting in 
the direClion AD, and a repulfive force afting in the 
direClion AK. And fince all the connecting forces are 
mutual and equal, the point D is pulled or drawn in the 
direction DA. The condition of the point B is fimi- 
lar to that of A, and D is alfo drawn in the direction 
DB. Thus the point D, being urged by the forces in 
the directions DA and DB, preffes the beam DC on 
the prop, and the prop refills in the oppofite direction. 
Therefore the line DC is the diagonal of the parallelo- 
gram, whofe fides have the proportion of the forces 
which conneCt D with A and B. This is the prin- 
ciple on which the reft of our inveftigation proceeds. 
We may take DC as the reprefentation and meafure of 
their joint effeCt. Therefore draw CH, CG, parallel 
to DA, DB. Draw HL, GO, parallel to CA, CB, 
cutting AE, BF in L and O, and cutting DA, DB 
in I and M. Complete the parallelograms ILKA, 
MONB. Then DG and AI are the equal and oppo- 
fite forces which conneCt A and D ; for GD = CH, 
= AI. In like manner DH and BM are the forces 
which conneCt D and B. 

The external force at A is in immediate equilibria 
with the combined forces, connecting A with D and 
with C. AI is one of them : Therefore AK is the 
other ; and AL is the compound force with which 
the external force at A is in immediate equilibrium. 
This external force is therefore equal and oppofite to 
AL. In like manner, the external force at B is equal 
and oppofite to BO ; and AL is to BO as the exter- 
nal force at A to the external force at B. The prop 
C refills with forces equal to thofe which are propagated 
to it from the points D, A, and C. Therefore it re- 
fills with forces CH, CG, equal and oppofite to DG, 
DH ; and it refills the compreffions KA, NB, with 
equal and oppoiite forces C b, C n. Draw k l, n 0 .pa- 
rallel to AD, BD, and draw C /Q^, C 0 P : It is plain 
that k CH / is a parallelogram equal to KAIL, and that 
C / is equal to AL. In like manner C 0 is equal to 
BO. Now the forces C L CH, exerted by the prop, 
compofe the force C / ; and C n, CG compofe the force 
C 0. Thefe two forces C /, C 0 are equal and parallel 
to AL and BO ; and therefore they are equal and op- 
pofite to the external forces afting at A and B. But 
they are (primitively) equal and oppofite to the pref- 
fures (or at leaft the compounds of the preffures) exert- 
ed on the prop, by the forces propagated to C from 
A, D, and B. Therefore the preffures exerted on the 
prop are the fame as if the external forces were applied 
there in the fame direftions as they are applied to A 
and B. Now' if we make CV, CZ equal to C / and C 0, 

* 
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'DVid complete the parallelogram CVYZ; it is plain that 
the force YC is in equilibrio with /C and oC. There- 
fore the preflures 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 CQjmd CP ; and draw Cg, 
Qi perpendicular to AE, BF. 

The triangles CPR and EPy* are fimilar, having a 
common angle P, and a right angle at R and f. 

In like manner the triangles CQS and AQ^/ are fi- 
milar. Alfo the triangles CHR, CGS are fimilar, by 
reafon of the equal angles at H and G, and the right 
angles at R and S. Hence vve obtain the following 
analogies : 

° C o : CP = O n : PB, = CG : PB 
CP : CR = PB :/B 
CR: CS = CH: CG 
CS : CQj= Ar/:AO 
CQj C l = AQj K /, = AQj CH. 

Therefore, by equality, 
Co : C / = AJ-.fV 

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 dire&ion (a). 
Extenfive his propofition (fufficiently general for our pur- 
tunfequen- pofe) is fertile in confequences, and furnifhes many ufe- 

ful inftru&ions 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 do&rine of the tranfverfe ftrength of timber is 
contained in this propofition; for every piece of timber 
may be conlidered as an ademblage of parts, connefted 
by forces which a£l in the dire&ion of the lines which 
join the ft rained points on the matter which lies be- 
tween thofe points, and alfo aft on the reft of the mat- 
ter, exciting thofe lateral forces which produce the in- 
flexibility of the whole. See Strength of Materials, 
Encycl. 

Ihus it appears that this propofition contains the 
principles which diredl the artift to frame the moft 
powerful levers ; to feeftre uprights by fhores or bra- 
ces, or by ties and ropes ; to fecure fcaffoldings for the 
ereftion of fpires, and many other moft delicate pro- 
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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- 
fices, and which, by their tranfverfe a&ion, put his work 
in hazard. In fhort, this propofition is the key to the 
fcience of his art. 

We would now counfel the artift, after he has made 
the tracing of the ftrains and thrufts 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 Erilannica. He 
will now conceive its do&rines much more clearly than 
when he was confidering them as abftraft theories. The 
mutual aftion of the woody fibres will now be eafily 
comprehended, and his confidence in the refults will be 
greatly increafed. 

I here is a propofition (n° 19. in the article Roof ) DecHion oF 
which lias been called in queftion by federal very intelli-a difputed 
gent peifons; and they fay that Belidor has demonftra-very 
ted, in his Science des Ingenieurs, that abeam firm-imp^t'ant 

ly fixed at both ends is not twice as ftrong as when1 

limply lying on the props, and that its ftrength is in- 
creafed only in the proportion of 2 to 3 ; and they fup- 
port this determination by a lift of experiments reci- 
ted by Belidor, which agree precifely with it. Belidor 

fiijs that I itot had the fame refult m his experi- 
ments. Thefe are refpeftable authorities : but Beli- 
dor’s reafoning is any thing but demonftration ; and 
his experiments are deferibed in fuch an imperfe& 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 chevalets. 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 refiftance to frafture may be made what we 
pleafe : they may be loofe, and therefore refill little 
more than when Amply laid on the props. They mar 
be (and probably were) wedged very fall, and bruifed 
or crippled. 

Our propofition mentioned diftimftly the fecurity 
gwen to the ends of the 'beams. They were mortifed 
into remote ports. Out precife meaning was, that they 
were limply kept from riling by thefe mortifes, but at. 
full liberty to bend up between E and I, and between 
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(a) The learned reader will perceive, that this analogs is brecifelv the fime w.'th tbit- r , . , 
'equilibrio by the intervention of a lever. In fa*, this^wl J frlTofcar^ntrT s o ingdie^i a VS 111 

Jrampd lever in eqmhbno. It is aft.ng in the fame manner as a folid, which occupies the wholeV . “ °r 

fed in the frame, or as a body of any fize and ffiape whatever that will admit th^ th - • compiet- 
A, C, and B. It is always in equilibrio in the cafe firft ftated • becaufe the nreffn J30'^8 °!, aPP*Icatlon 

applied to A is always fuch as balances it. The reader may alfo „erceh,e n il Pr ““l at B br 3 

cmg of thofe internal mechanical forces which are indifpenfably requifite’for the funai^rof flev "r y Th r tra‘ 
chamenns have been extremely puzzled to find a legitimate demonftration of the eauUMum I X hV"e’ 
the days of Archimedes. Mr Vince has the honour of firft demonftrating, molt iSo'T ,d C,er T T* 
med by Arch.medes, but without fufficien, ground, for bis demonftratio^ but MrgV „ce’S d mo.drr"7 - 
ly a putting the mind into that perplexed (tale which makes it acknowledge the nZof.' u V8 0n‘ 
clear perception of its truth. The difficulty has proceeded from the abllracAJ;,! PlP? 0n’ but. wlth'>.ut 3 
a mathematical line—inflexible, without refleifting how it is inflexible for rhe r° 3 evy f:Pll5eivmS t1 as 

quality furnilhes the mechanical conncaion betwL the remote defe nd the fU °f I?- 

kaft diffiCUhy) °f >-er urged1 by parallel Sr £ 
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G and K. Our affertion. was not made from theory alone 
(although we think the reafoning incontrovertible), but 
was agreeable to numerous experiments made in thofe 
precife circumftances. Had we mortifed the beams 
firmly into two very ftout polls, 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 ot 
conceiving this cafe will 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, veiling on B and_C, but 
without any connexion. 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 fall at A, G, and E. Let the 
fame thing be done on the other fide of A. Ifa weight 
be now laid on at A, the wires AFD, AGE will be 
{trained, and may be broken. In the inftant of fradure 
we may fuppofe their drains to be reprefented by A/ 
and A g. Complete the parallelogram, and A a js 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. 

Inllead of this procefs apply the piece AH below A, 
and keep it there by draining the fame wire BHC over 
it. Now lay on a weight. It mud prefs down the 
ends of BA and CA, and caufe the piece AH to drain 
the wire BHC. In the indant of frafture of the fame 
wire, its refidance H 3 and Hr mud he equal to A/ 
and A g, and the weight h H which breaks them mult 
be equal to A a. 

Ladly, employ all the three pieces FB, AH, GC, 
with the fame wire attached as before. 1 here can be 
no doubt but that the weight which breaks all the four 
wires mud be — a h. + h, 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 fad in the four holes D, B, C, and E, of fome up- 
right pods. - ... ■> 1 • 

In the experiments for verifying this, by breaking 
fleuder bars of fine deal, we get complete demondration, 
by meafuring the curvatures produced in the parts or 
the beam thus held down, and comparing them with the 
curvature of a beam limply 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 irom 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 mod ufual manner of framing 
them. So would the binding joids of doors ; but this 
would double the thicknefs of the flooring. But this 
method fhould be followed in every poffible cafe, fuch 
as'bread fummers, lintels over feveral pillars, &c. Thefe 
fliould never be cut off and mortifed into the Tides of 
every upright; numberlefs cafes will occur which {hew 
the importance of the maxim. 

We mud here remark, that the proportion of the 
(paces BC and CM, or BC and LB, has a very fenfible 
cffeft on the drength of the beam BC; but we have 

entry. 
not yet fatisfied our minds as ‘■o the rationale of this ef~ 
feft. It is undoubtedly connedted with the Terpentine 
form of the curve of the beam before fra&ure. This 
fhould be attended to in the condruftion of the fpnngs 
of carriages. Thefe are frequently fupported at a middle 
point (and it is an excellent pradlice), and there is a 
certain proportion which will give the eafied motion to 
the body of the carriage. We aifo think that it is con- 
nefted with that deviation from the bed theory obfer- 
vable in Buffon’s experiments on various lengths of the 
fame fcantling. The force of the beams diminiffied 
much more than in the inverfe proportion of their 
lengths. _ .20 

We have feen that it depends entirely on the pofition Tiei are in 
of the pieces in refpedl of their points of ultimate fup-general bet- 
port, and of the direaion of the external force which 
produces the drains, whether any particular piece is in 
a date of extenfion or of compreffion. The knowledge 
of this circumdance may greatly influence us in the 
choice of the conflrudlion. In many cafes we may fub- 
ditute {lender iron rods for maffive beams, when the 
piece is to adl the part of a tie. But we mud not in- 
vert this difpofition ; for when a piece of timber ads as 
a drut, and is in a date of compreffion, it is next to 
certain that it is not equally compreffible in its oppofite 
fides through the whole length of the piece, and that 
the compreffing torce on the abutting joint is not aid- 
ing in the mod equable manner all ovei the joint. A. 
very trifling inequality in either of thefe circumdances 
(efpecially in the fird) 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 mod compreffed. When this happens*, 
the frame is in danger of being cruffied, and foon going. ; 
to ruin. It is therefore indifpenfably neceffary to make 
ufe of beams in all cafes where druts are required of 
confiderable length, rather than of metal rods of {lender 
dimenfions, unlefs in fituations where we can effeidualiy 
prevent their bending, as in truffing a giidei internally, 
where a call iron drut may be firmly cafed in it, fo as- 
not to bend in the fmalled degree. In cafes where the 
preffures are enormous, as in the very oblique Units ot 
a centre or arch frame, we mud be particularly cautious 
to do nothing which can facilitate the compreffion ot 
either fide. No mortifes diould be cut near to one fide 4 
no lateral preffure, even the flighted, fhould be allowed, 
to touch it. We have feen a pillar of dr 12 inches long 
and one inch in feftion, when loaded with three tons,, 
fnap in an indant when preffed on one fide by 16 pounds, 
while another bore 4^ tons without hurt, becaufe it was 
inclofed (loofely) in a dout 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 accudomed 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- 
chiteft, formed his abutments into arches of circles, the 
centre of which was the remote end of the drut. By • 
this contrivance the unavoidable change of form of the 
triangle made no partial bearing of either angle of the 
abutment. This always has a tendency to fplmter o.t 
the heel of the beam where it preffes dronged. It is a 
very judicious pra£lice. 

* When circumdances allow it, we fhould rather em- ploy 
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raaft, or the uprights of a very tall fcaffolding, are to be 
fliored up* the dependence is more certain on thofe 
braces that are llretched by the ftrain than on thofe 
which are comprefied. The fcaffolding of the iron 
budge near Sundeiland had iome ties very judicioufly 
difpofed, and others with lefs judgment. 

We /hould proceed to confider the tranfverfe ftrains 
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 (Encych), 
and in the article Roof. What we {hall add in this ar- 
ticle will find a place in our oecafional remarks on dif- 
ierent works. It may, however, be of ufe to recalto 
the reader s memory the following propolitions. 

I. When a beam AB (fig. 15.) is firmly fixed at the 

proportion of the fine of the angle which the diredfion 
of the force makes with the beam. Thus, if it be in- 
chned to it in an angle of thirty degrees, the ftrain is 
one half of the Itrain occafioned by the fame force aft- 
ing perpendicularly. 

On the other hand, the f.elative strength of a 
beam, or its power in any particular fe&ion to refift 
any tranfverfe ftrain, is proportional to the abfolute co- 
hefion of the feaion dire&ly, to the diftance of its 
centre of effort from the axis of fra&ure direcftly, and 
to the diftance from the drained point inverfely. 
. Thus in a reftangular feaion of the beam, of which b 
is the breadth, d the depth (that is,, the dimenfion in 
the direaion of the {training force), meafured in inches, 
an(^./'the number of pounds which one fquare inch will 
1 HIT 111 TATA rvvfr- vrritlisxti*- I—' ^ r 1 
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SZ'lL end A, and a (training forc?aas'peip^Zukri; To Ts Wft fupport wT.honl """t T ,<'"are "’f,"’111 

ftrength of tl0n C between B and A is proportional to CB, and fXbXd2, multiplied by fome number m den/ruW on 
beams. ™ay therefore be reprefented by the produd WxCB ; the nature of the timber, muff be equal to w v CB 

that is, by the produd of the number of tons, pounds, Or, in the cafe of the fedinn P of f < 1 

,^“:arrf°;ce’and:he,nTber •>?**atD, of feet, inches, See. contained in CB. As the loads on 
a beam are eafily conceived, we {hall fubftitute this for 
any other {training force. 

2. If the ftrain or load is uniformly diftributed along 
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 colleded at the middle point of that part ; for that 
point is the centre of gravity of the load. 

3' The {train on any fedion D of a beam AB 
(fig. 16.) refting freely on two props A and B, is 

v AD x DB /r n wX   (lee Roof, n° 19. and Strength of 
Materials, n° 92, &c. Encycl.) Therefore, 

4. he 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 fedion 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 
redangle of the exterior fegments, or is equal to 
w X . Therefore 

AB 
1 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. 

6. The ftrain on any fedion 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 cnlleded at 
their middle points e and/. Therefore 

The ftrain on any part D, occafioned by a load uni- 
lorrnly chftributed over the whole beam, is one-half of 
the ftrain that is produced when the fame load is laid on 
at D ; and 

The ftrain on the middle point C, occafioned by a 
load uniformly diftributed over the whole beam, is the 
lame which half that load would produce if laid on 

A/re3m Supported at both ends on two props B 
and C (fig i4.) 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. * 

m Xfl = m x acjcub Thus ;f the beam i3 of 

found oak, mis very nearly = £ (fee Strength of Ma- 

terials, n° 116. Encycl.) 
AC XCB 

“TOX AB ’ 

Therefore we have fbd' 

. H^nce we can tel1 Ae precife force W which any fec- 
t.on C can juft refift when that force is applied in any 
way whatever. For the above-mentioned formula gives 

f b dl r 1 6 
for the cafe reprefented by fig. 15. But 

the cafe reprefented in fig. 16. having the {training 
force applied at D, gives the ftrain at C f w 1   f 
v X AB ^ / — J 

pACxCB 
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 
juft carry 16,000 pounds, pulling it afunder ? 

The formula becomes w — 16000 X 4 X 16 X 84, 
86016000 9X42X42 

or ^ 15876 ’ — 54*^ pounds. This is very 
near what was employed in Buffon’s experiment, which 
was 5312. 

Had the {training force afted on a point D, halfway 
between C and B, the force fufficient to break the beam 
at C would he --l6oo°X4X 16X84 q , 

9X17^ -‘0836 lbs. 
Had the beam been found red fir, we mult have ta- 

/ k r>IO’w nelr }r’ and m nearly 8 5 for although hi be lefs cohefive than oak in the proportion of 5 to 8 
nearly, ,t is lefs compreffible, and its axis of fradiure is 
tnereiore nearer to the concave fide. 

of t-nSdertd “C'>n‘ tte ftrains Of jointe. ot different kinds which anfe from the form of the 

KTe t°f a
1
f;ame of e^pentry, and the dire&ion of he external forces which aft on it, whether conlidered 

as impelling or as fupporting its different parts, we mull 
Y 2 nnw 
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now proceed to confider the means by which this form ghng or fcarfing, which we fuppofe to be the fame in 
is to be fecured, and the connexions by which thofe both ; conkquently, if the cohetion of the fibres in the 
drains are excited and communicated. intervals is able to bring the uppermoft filaments into 

The joinings praXifed in carpentry are almoft infi- full aXion, the form A-is ftronger than B, in the pro- 
nitely various, and each has advantages which make it portion of the greater diftance of the upper filaments 
preferable in fame circumftances. Many varieties are from the axis of the fraXure : this may be greater than 
employed merely to pleafe the eye. We do not con- the difference of the thicknefs, if the wood is very com- 
cern ourfelves with thefe : Nor (hall we confider thofe preffible. If the gudgeon be in the middle, the effeX, 
which are only employed in conneXing fmall works, both of the joggles and the fcarfings, is confiderably 
and can never appear on a great fcale : yet even in fome diminifhed ; and it it is on the uppei fide, the. fcarf- 
of thefe, the (kill of the carpenter may be difcovered by ings aX in a very different way. In this fituation, if 
his choice ; for in all cafes it is wife to make every, even the loads on the arms are alfo applied to the upper fide, 
the fmallelt, part of his woik as firong as the materials the joggled beam is ftill more fuperior to. the fcarfed 
will admit. He will be particularly attentive to the one. This will be beft underftood by refolvmg it in ima- 
changes which will neceffarily happen by the fhrinking gination into a truffed frame. But when a gudgeon is 
of timber as it dries, and will confider what dimenfions of thus put on that fide of the lever which grows convex 
his framings will be affeXed by this, and what will not ; by the drain, it is ufual to conneX it with the red by 
and will then difpofe the pieces which are lefs effential a powerful drap, which embraces the beam, and caufes 
to the drength of the whole, in fuch a manner that the oppofite point to become the refiding point. This 
their tendency to (brink diall be in the fame direXion greatly changes the internal aXions of the filaments, 
with the (hrinking of the whole framing. If he do and, in fome meafure, brings it into the fame date as 
otherwife, the feams will widen, and parts will be fplit the fird, with the gudgeon below. Were it poffible to 
afunder. He will difpofe his boardings in fuch a man- have the gudgeon on the upper fide, and to bring the 
ner as to contribute to the diffnefs of the whole, avoid- whole into aXion without a drap, it would be the 
imr at the fame time the giving them pofitions which dronged of all; becaufe, in general, the refiitance to 
will produce lateral drains on trufs beams which bear compreffion is greater than to extenfion. In every 
great preffures; recolleXing,that although a fingle board fituation the joggled beam has the advantage ; and it is 
has little force, yet many united have a great deal, and the eafied executed. 
may frequently perform the office of very powerful We may frequently gain a confiderable acceffion of 
£rijts> drength by this building up of a beam ; efpecially if. 

Our limits confine us to the joinings which are mod the part which is dretched by the drain be of oak, and 
effential for conneXing the parts of a fingle piece of a the other part be fir. Fir being fo much fuperior to 
frame when it cannot be formed of one beam, either for oak as a pillar (if Muffchenbroek’s experiments may be 
want of the neceffary thicknefs or length ; and the confided in), and oak fo much preferable as a tie, this 
joints for conneXing the different fides of a truffed condruXion feems to unite both advantages. But we 
1- ° (hall fee much better methods of making powerful le- 

Of building Much ingenuity and contrivance has been beftowed vers, girders, e»cc. by trulling. 
up beams. on the manner of building up a great beam of many Obterve that the efficacy of both methods depends 

thickneffes, and many dngular methods are praXifed as entirely on the difficulty of caufing the piece between 
p-reat nodrums by different art ids: but when we con- the crofs joints to Hide along the timber to which it 
dder the manner in which the cohefion of the dbres adheres. Therefore, if this be moderate, it is wrong 
performs its office, we will clearly fee that the fimpled to make the notches deep ; for as foon as- they are lo 
are equally effectual with the mod refnfed, and that they deep that their ends have a force fufficient to puffi the 
are lefs apt to lead us into falfe notions of the drength dice along the line of junXion, nothing is gamed by 
of the aflembhge. making them deeper; and this requires a greater ex- 

14 Thus, were it required to build up a beam for a penditure of timber. Building up t ]ever or ;rder} rQ that Jt may aa ncariy as a Scarfings are frequently made oblique, as in fig. 1.8. 

lever ^ Gr beam of the fame fize of one log—it may either be but we imagine that this is a bad praXice. . It begins 
25 done by plain joggling, as in fig. 17. A, or by fcarfing, to yield at the point, where the wood is crippled and 

JogXmg as jn f10- I7 B or C. If it is to aX as a lever, ha- fplmtered off, or at lead bruifed out a little : as the 
vino- the undo-eon on the lower fide at C, we believe preffure increafes, this part, by fqueezing broader, caufes 
that mod art fits will prefer the form B and C at lead the folid parts rife to a little upwards, and gives them 
this has been the cafe with nine-tenths of thofe lo whom fome tendency, not only to puffi their antagomds along 
we have propofed the quedion. The bed informed on- the bale, but even to tear them up a little, For dim- 
ly hefitated ; but the ordinary artids were all confident lar realons, we difapprove of the favourite praXice or 
in its fuperiority ; and we found their views of the many, artifts, to make the angles of their fcarfings acute,., 
matter very coincident. They confider the upper as in fig. 19. This often caufes the two pieces to tear 
piece as grafping the lower in its hooks ; and feveral each other up. I he abutments fnould always be per- 
imao-ined that, by driving the one very tight on the pendicular to the di.reXions of the preffures. i*ed it 
other, the beam would be ftronger than an entire log : (hould be iorgotten in its proper place, we may extend 
but if we attend carefully to the internal procedure in this injunXion alio to the abutments of different pieces 
the loaded levey,: we (hall find the upper one clearly the of a frame, and recommend it. to the artid even to at- 
dronged. If they are formed of equal logs, the upper tend to the (hrinking of the timbers.by drying. When 
one is thicker than the other by the depth of the jog- two timbers abut obliquely, the joint (hould be mod 
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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 

a(- be in danger of fplinterilig off at the acute angle. 
We nuift It is evident that the niceft work is indifpenfably 
not wed^s neceffary in building up a beam. The parts muft abut 
too haid. on eacg ot^er 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 fide of the beam, fo 
that they may require moderate blows of a maul to 
force them in, and the joints may be perfectly clofe when 
the external furfaces are even on each fide of the beam. 
But we muft not exceed in the lead degree ; for a very 
taper wedge has great force ; and if 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 fufficient to burft the pieces, has 
weakened them to fuch a degree, that the drain of or- 
dinary fervice is fufficient to complete the fradture. 
The workman is tempted to exceed in this, becaufe it 
fmooths off and conceals all uneven feams ; but he muft 
be watched. It is not unufual to leave fome abutments 
open enough to admit a thin wedge reaching through 
the beam. Nor is this a bad practice, 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 
diftance. In confequence of this, it often happens that, 
in beams which are fubjedled to defultory and fudden 
drains (as in the levers of reciprocating engines), the 
joggles or wedges widen the holes, and work themfelves 
loofe : Therefore fkilful engineers never admit them, and 
indeed as few bolts as poffible, for the fame reafon : but 
when redding a fteady or dead pull, they are not fo im- 
proper, and are frequently ufed. 

Beams are built up not only to increafe their dimen- 
fions in the direction of the drain (which we have hi- 
therto called their depth), but alfo to increafe their 
breadth or the dimendons 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 muft be made bigger athwartfhip, as 

Building of well as fore and aft. This is one of the niceft pro- 
malts. blems of the art ; and profeffional men are by no means 

agreed in theft opinions about it. We do not prefume 
to decide ; and fhall content ourfelves 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. 
neftion of crofs bolts, which are ufed 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 
ufed in the tge frencii navy; but it is undoubtedly imperfeft. 

Nav'y 1 Hardly any two great trees are of equal quality, and 
fvvell and flrrink alike. If C fhrinks 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 
Aide on each other like the plates of a coach fpring ; 
and if the bending is in the direction e f, there is no- 
thing to hinder this Aiding but the bolts, which foon 
work themfelves loofe in the bolt-holes. 
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Fig. 21. exhibits another method. The two halves 29 

of the beam are tabled into each other in the fame man-^^J^ 
ner as in fig. 17. It is plain that this wid not be af- 
fected by "the unequal fwelling or fhrinking, becaufe 
this is infenfible in the direction of the fibres ; but when 
beat in the di reef ion a b, the beam is weaker than fig. 
ze. bent in the diredlion 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. 21. When one 
of them is bent in the dire&ion 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 unlefs the work is accurately executed, and each 
hollow completely filled up by the table of the other 
piece, there will be a lateral Aide along the crofs joints 
fufficient to compenfate for the curvature ; and this will 
hinder the one from compreffiug or dretching the other 
in conformity to this curvature. 30 

The imperfettion of this method is fo obvious, thatds 
it has feldom been praftifed : but it has been combinedfcl^ilon• 
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 aifo with the 
tables of the other half. Thus 1, 3, 4, are prominent,, 
and 5,2,6, are deprefied. This condruffion evidently 
puts a ftop to both fides, and obliges every part of 
both pieces to move together, a b and c d fhow fec- 
tions of the built-up beam correfponding to AB and. 
GD. 

No more is intended in this practice by any intelli- 
gent artift, than the caufing the two pieces to aft to. 
gether in all their parts, although the drains 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 fides. But many feem to 
aim at making the beam Itronger than if it were of one 
piece ; and this inconfiderate projeft has given rife to 
many whimfical modes of tabling and fcarfing, which 
we need not regard. » 3* 

The praftice in the Britifh dock yards is fomewhat Britifh 
different from any of thefe methods. The pieces aremet^0^* 
tabled as in fig 22. but the tables are not thin paralle- 
lepipeds, but thin prifms. The two outward joints or 
viiible feams are ftraight lines, and the table nc 1. riles 
gradually to its greatell thicknefs in the axis. In like 
manner, the hollow 5.for receiving the oppofite table, 
finks gradually from the edge to its greateft depth in 
the axis. Fig. 23. reprefents a feftion of around piece 
of timber built up in this way, where the full line 
EFGH is the feftion correfponding to AB of fig. 22. 
and the dotted line EGFIi is the ieftion correfpond- 
ing to CD. 

This conftruftion, by making the external feam 
ftraight, leaves no lodgment for water, and looks much 
fairer to the eye : but it appears to us that it does 
not give fuch firm hold when the mad is bent in the 
direftion EH. The exterior parts are mad ftretched 
and mod 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 extenlion and 
compreffion. 

But this conftruftion has an advantage, which we 
imagine much more than compenfates for thefe imper- 

feftions. 
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feflions, at lead In tbe particular cafe of a round maft: 
it will draw together by hooping incomparably better 
than any of the others. If the cavity be made fome- 
what too Oiallow 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 utmoft exaftnefs from end 
to end by the plane. The heart of thofe vaft trunks 
is very fenfibly 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 
team 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 crull, which was naturally firmer, and refilled 
farther comprefiion. We verified this beyond a doubt, 
by hooping a built Hick 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 maltmakers are not without their fancies and 
whims ; and the manner in which our malls and yards 
are generally built up, is not near fo fimple as fig. 22.: 
but it confbts of the fame elfential parts, adling in the 
very fame manner, and derives all its efficacy from the 

,,j principles which are here employed. 
Attended This conftrudlion is particularly fuited to the fitua- 

harVrva11" t’on 2nci °®ce a ^‘P’8 Riaft' It has no bolts ; or, 
ta.Cl> " at leall, none of any magnitude, or that make very im- 

portant parts of its conllrudtion. The moll violent 
drains perhaps that it is expofed to, is dial of twilling, 
when the lower yards are clofe braced up by the force 
of many men adling by a long lever. This form refills 
a twill with peculiar energy : it is therefore an excel- 
lent method for building up a great {haft 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 limber 
along its fides, either fpiking them down, or cocking 
them into it by a feather, or joggling ihem by flips of 
hard wood funk into the central log and into the flips. 
7/. B. Joggles of elm are fometimes ufed in the middle 
of the large tables of malls ; and when funk into the 
firm wood near the furface, they mull contribute much 
to tbe ftrength. But it is very neceflary 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 moll general reafon for piecing a beam is to in- 
creafe its length. This is frequently neceflary, in order 
to procure tie-beams for very wide roofs. Two pieces 
mull be fcarfed together—Numberlefs are the modes 
of doing this; and almoll every mailer carpenter has 
his favourite nollrum. Some of them are very ingeni- 
ous : But here, as in other cafes, the moll fimple are 

Various commonly the llrongell. We do not imagine that any, 
metho Is of ^ie rnoH ingenious, is equally llrong with a tie confill- 
fcarfing. 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 timber. This, we imagine, will 
appear fufficiently certain. 

The fimpleft and moil obvious fcarfing (after the 

one now mentioned) is that rsprefented 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 
ftrength of an entire piece, fuppofing that the bolts 
(which are the only connedtions) are fall in their holes. 
N° 2. requires a bolt in the middle of the fcarf to give 
it that llrength ; and, in every other part, is weaker on 
one fide or the other. 

But the bolts are very apt to bend by the violent 
llrain, and require to be llrengthened by uniting their 
ends by iron plates ; in which cafe it is no longer a 
wooden tie. The form of n° x. is better adapted to 
the office of a pillar than n° 2. ; efpccially if its ends 
be formed in the manner (hewn in the elevation n° 3. 
B) the fally given to the ends, the fcarf refifts an effort 
to bend it in that diredlion. Befides, the form of n0 

2. is unfuitable for a poll ; becaufe the pieces, by Hi- 
ding on each other by the preffure, are apt to fplinter 
off the tongue which confines their extremity. 

Big. 25. and 26. exhibit the molt approved form of 
a fcarf, whether for a tie or for a poll. 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 bolts (although they llrength- 
en it greatly) ; but, if worked very true and clofe, and 
with fquare abutments, will hold together, and will re- 
fill bending in any diredlion. But the key is an inge- 
nious and a very great improvement, and will force the 
parts together with perfedl tightnefs. The fame pre- 
caution mull be obferved that we mentioned on ano- 
ther occafion, not to produce a conllant internal ftrain 
on the parts by overdriving the key. The form of fig. 
25. is by far the bell; becaufe the triangle of 26. is 
much eafier fplintered off by the ftrain, or by the key, 
than the fquare wood of 25. It is far preferable for 
a poll, 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 vallly well fuited for joining the parts of 
the long corner polls of fpires and other wooden towers. 
Fig. 25. n° 2. differs from n° 1. only by having three 
keys. The principle and the longitudinal llrength are 
the fame. The long fcarf of nQ 2. tightened by the 
three keys, enables it to refill a bending much better. 

None of thefe fcarfed tie-beams can have more than 
one-third of the llrength of an entire piece, unlefs with 
the affi{lance of iron plates ; for if the key be made 
thinner than one-third, it has lefs than one-third of the 
fibres to pull by. 

We are confident, therefore, that when the heads of 
the bolts are conne£ted by plates, the fimple form of 
fig. 24. n° 1. is llronger than thofe more ingenious 
fcarfings. It may be ftrengthened againll lateral bend- 
ing by a little tongue, or by a fally ; but it cannot 
have both. 

The llrongell 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 Ihip-carpenter calls Jl/hing a beam ; and is a Filing 8 

frequent practice for occafional repairs. Mr Perronetkeam” 
ufed it for the tie-beams or llretchers, by which he con- 
nefted 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 withftood a 
ftrain of 1800 tons, but, by wedging behind them, be 

-brought 



CARP 
brought the feet of the tnifs 2y inches nearer. The 
ftretchers were 14 inches by 11 of found oak, and could 
have withilood three times that ilrain. Mr Perronet, 
fearing that the great length of the bolts employed to 
connect the beams of thefe ftretchers would expofe 
them to the rifle 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 paflfed 
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 connefts every thing by iron ftraps. 
We doubt the propriety of this, at leaft in cafes where 
the bulk of the wooden conneftion is not inconvenient. 
Thefe obfervations muft fuffice for the methods employ- 
ed for connedling the parts of a beam j and we now 
proceed to coniider what are more ufually called the 

35 joints of a piece of carpentry. 
Square Where the beams Hand fquare with each other, and 

points. t|ic ftrajn3 are alf0 fquare with the beams, and in the 
plane of the frame, the common mortife and tenon is 
the moft perfefl junftion. 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 fliall 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 aftion, with lefs 
tendency to fplit it. The fliip carpenters have an in- 
genious method of making long wooden bolts, which 
do not pafs completely through, take a very fall hold, 
though not nicely fitted to their holes, which they muft 

36 not be, left they iliould be crippled in driving. They 
Foxtail call it foxtail wedging. They ftick into the point of 

- 'S111?*" the bolt a very thin wedge of hard wood, fo as to pro- 
jedt a proper diftance ; 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. 'Phis may be prac- 
lifcd 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 rifles 
the fplitting the piece beyond the (boulder 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 ftuck in near its angles, projedting 
equally ; at a very fmall diftance within thefe, put in 
two (horter ones b, d, and more within thefe if necef- 
fary. In driving this tenon, the wedges a and c will 
take firft, and fplit off a thin (lice, which will eafily 
bend without breaking. The wedges b, d, will adt 
next, and have a fimilar effedl, and the others in tuc- 
cefiion. The thicknefs of all the wedges taken toge- 
ther muft be equal to the enlargement of the mortife 
toward the bottom. 

When the ftrain is tranfverfe to the plane of the two 
beams, the principles laid down in n° 85, 86. of the ar- 
ticle Sthfngth of Materials, will diredl the artift in 
placing his mortife. Thus the mortife in a girder for 
receiving the tenon of a binding joilt of $ floor Ihould 
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be as near the upper fide as poflible, becaufe the girder 
becomes concave on that fide by the ftrain. But 
this expofes the tenon of the binding joift 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 (loping part a b gives 
a very firm fupport to the additional bearing e d, with- 
out much weakening of the girder. This form fhould 
be copied in every cafe where the ftrain has a fimilar 
diredtion. ^ 

The joint that moft of all demands the careful atten-Oblique 
tion of the artift, is that which connedts the ends of mort‘fc 

beams, one of which pufties the other very obliquely, teuon‘ 
putting it into a ftate of extenfion. The moft familiar 
inftance of this is the foot of a rafter prefling on the 
tie-beam, and thereby drawing it away from the other 
wall. When the diredtion is very oblique (in which 
cafe the extending ftrain is the greateft), it is difficult 
to give the foot of the rafter Inch 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 dif- 
tance beyond the foot of the rafter: but, indeed, the 
dimenfions which are given to tie-beams, for other rea- 
fons, are always fufficient to give enough of abutment 
when judicioufly employed. Unfortunately this joint 
is much expofed to failure by the effedls of the wea- 
ther. It is much expofed, and frequently peri flies by 
rot, or becomes fo foft and friable that a very fmait 
force is fufficient, either for pulling the filaments out of 
the tie-beam, or for crufhing them together. We a're 
therefore obliged to fecure it with particular attention, 
and to avail ourfelves of every circumftance of con- 
ftrudtion. 

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-poft. The head of the raf- 
ter defeends, the angle with the tie-beam is diminifhed 
by the rafter revolving round its ftep 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 itill freffi, 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 puiht 5 
it along. Carpenters have therefore given up long te- 
nons, and give to the toe of the tenon a fltape which 
abuts firmly, in the direction of the thruft, on the (olid 
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 is-reprefented in fig. 30. The 
tenon has a fmall portion a b cut perpendicular to the 
fuiface of the tie-beam, and the reft be is perpendicular 
to the rafter. 

But if the tenon is not fufficiently itrong (and it is 
not fo ftrong as the rafter, which is thought not to be 
ftronger than is neceffary), it will be crufned, and then 
ti.e rafter will (hade out along the furface of the beam. 
It is therefore neceffary to call in the afiiftance of tho 

whole 
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wliole rafter. It is ia this ditbibution of the it rain 
among the various abutting parts that the varieties of 
joints and their merits chiefly confifh It would be 
endlefs to deferibe every no'l urn, and we fhall only men- 
tion a few that are moil generally approved of. 

The aim in fig. 31. is to make the abutments exinSt- 
ly perpendicular to the thrufts. It does this very pre- 
cifelv ; and the fliare which the tenon and the fhoulder 
have of the whole may be what we plcafe, by the por- 
tion of the beam that we notch down. It the wall-plate 
lie duly before the heel of the rafter, there is no rifle of 
flraining the tie acrofs or breaking it, becaufe the thruil 
is made direft to that point where the beam is fupport- 
ed. The adlion is the fame as againlt the joggle on the 
head or foot of a king-poil. We have no doubt but 
that this is a very effedtual joint. It is not, however, 
much pradifed. It is faid that the doping feam at the 
fhoulder lodges water; but the great reafon feems to be 
a fecret notion that it weakens the tie-beam. If we 
conflder the diredion in which it ads as a tie, we mud 
acknowledge that this form takes the bell method for 
bringing the whole of it into adion. 

Fig, 32. exhibits a form that is more general, but 
certainly worfe. What part of the thruil that is not 
borne by the tenon ads obliquely on the joint of the 
fhoulder, and gives the whole a tendency to rife up and 
Hide outward. 

The fhoulder joint is fometimes formed like the dot- 
ted line abodefg of fig. 32. This is much more 
agreeable to the true principle, and would be a very 
perfed method, were it not that the intervals bd and 
df are fo fn<5rt that the little wooden triangles bed, 
d ef, will be eafdy puihed off their bafes b d, df. 

Fig. 33. feems to have the moll general approbation. 
It is the joint recommended by Price (page 7.), and 
copied into all books of carpentry as the true joint for a 
rafter foot. The viiible Ihoulder-joint is fluff with the 
upper furfaceof the tie-beam. The angle of the tenon 
at the tie nearly bifeds the obtufe angle formed by the 
rafter and the beam, and is therefore fomewhat oblique 
to the thrnft. The inner fhoulder d c is nearly perpen- 
dicular to bd. The lower angle of the tenon is cut off 
horizontally as at ^ d. Fig. 34. is a fedion of the beam 
and rafter foot, ffewing the different ffoulders. 

We do not perceive the peculiar merit of this joint. 
The effed of the three oblique abutments ab,ac, e d, 
is undoubtedly to make the whole bear on the outer 
end of the mortife, and there is no other part of the tie- 
beam that makes immediate refiftance. Its only advan- 
tao-e over a tenon extending in the diredion of the 
thru ft is, that it will not tear up the wood above it. 
Idad the inner {boulder had the form e c i, having its 
face ic perpendicular, it would certainly have aded 
more powerfully in ftretching many filaments of the tie- 
beam, and would have had much lefs tendency to force 
out the end of the rnortife. The little bit ci would 
have prevented the Aiding upwards along e c. At any 
rate, the joint a b being flufh with the beam, prevents 
any fenfible abutment on the (boulder ac. 

Fig. 33. n° 2. is a Ampler, and in our opinion a pre- 
ferable, joint. We obferve it pradifed by the moll 
eminent carpenters for all oblique thrufts ; but it furely 
employs lefs of the cohefion of the tie-beam than might 
be ufed without weakening it, at leatt when it is iup- 
ported on the other fide by the wall-plate. 

Fig. 33. n° 3. is also much pradifed by the ut il car- 
penters 

Fig. 35. is propofed by Mr Nicholfon (page 65.) as 
preferable to fig. 33. nc>3. becaufe the abutment of the 
inner part is better fupported. This is certainly the 
cafe ; but it fuppofes the whole rafter to go to the bot- 
tom of the locket, and the beam to be thicker than the 
rafter. Some may think that this will weaken the beam 
too much, when it is no broader than the rafter is thick; 
in which cafe they think that it requires a deeper focket 
than Nicholfon has given it. Perhaps the advantages 
of Nicholfon’s conftrudion may be had by a joint like 
fig. 35.11- 2. _ . _ 39 

Whatever is the form of thefe butting joints, great Circum- 
care ffould be taken that all parts bear alike, and the fiances to 
artiff will attend to the magnitude of the different fur-*1^ attend, 
faces. In the general compreffion, the greater furfaces 
will be lefs comprefied, and the fmaller will therefore 
change mod. When all has fettled, every part ffould 
be equally clofe. Becaufe great logs are moved with 
difficulty, it is very troublefome to try the joint fre- 
quently to fee how the parts fit ; therefore we muff ex- 
ped lefs accuracy in the interior parts. This ffould 
make us prefer thofe joints whofe efficacy depends chief- 
ly on the vifible joint. 

It appears from all that we have faid on this fubjed, 
that a very fmall part of the colieiion of the tie-beam is 
fufficient for withttanding the horizontal thruft of a 
roof, even though very low pitched. If therefore no 
other ufe is made of the tie-beam, one much flenderer 
may be ufed, and blocks may be firmly fixed to the 
ends, on which the rafters might abut, as they do on 
the joggles on the bead and foot of a king-poll. Al- 
though a tie-beam has commonly floors or ceilings to 
carry, and fometimes the workffops and (lore-rooms of 
a theatre, and therefore requires a great fcantling, yet 
there frequently occur in machines and engines very ob- 
lique ftretchers, which have no other office, and are ge- 
nerally made of dimenfions quite inadequate to their fi- 
tuation, often containing ten times the neccffary quan- 
tity of timber. It is therefore of importance to afeer- 
tain the moll perfed manner of executing fuch a joint. 
We have direded the attention to the principles tliat 
are really concerned in the effed. In all hazardous 
cafes, the carpenter calls in the affiftance of iron (traps; 
and they are frequently neceffary, even in roofs, not- 
withflanding this fuperabundant ftrength of thetie-beam. 
But this is generally owing to bad conftrudion of the 
wooden joint, or to the failure of it by time. Straps 
will be confidered in their place. 

There needs but little to be faid of the joints at a I 
joggle worked out of folid timber ; they are not near 
ib difficult as the laft. When the fize of a log will al- 
low the joggle to receive the whole breadth of the a- 
butting brace, it ought certainly to be made with a 
fquare ffoulder ; or, which is ftill better, an arch of a 
cirde, having the other end of the brace for its centre. 
Indeed this in general will not fenfibly differ from a 
flraight line perpendicular to the brace. By this circu- 
lar form, the fettling of the roof makes no change in 
the abutment ; but when there is not fufficient ftuff for 
this, we muff avoid bevel joints at the ftoulders, becaufe 
thefe always tend to make the brace Aide off. The 
brace in fig. 36. muff not be joined as at a, but as at 
b, or fome equivalent manner. Obferve the joints at 
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the head of the main ports of Drury Line theatre, fig. 
D. 

When the very oblique aftton of one fide of a frame 
of carpentry does not extend but comprefs the piece on 
which it abuts (as in fig. i [.), there is no difficulty in 
the joint. Indeed a joining is unneceflary, and it is 
enough that the pieces abut on each other ; and we 
have only to take care that the mutual preffiire 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 
fiide on the butting joint. A very flight mortife and 
tenon is fufficient at the joggle of a king-poll with a 
rafter or {training beam. It is befl, in general, to make 
the butting plain, bifetting the angle formed by the 
fides, or elie perpendicular to one of the pieces. In 
fig. 36. ng 2. where the ftraining beam ab cannot flip 
away from the prelfure, 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, &c. 

When it is neceffary to employ iron flraps for ftrength- 
ening a joint, a conliderable attention is neceffary, that 
we may place them properly. The firfl thing to be deter- 
mined is the direftion of the ftrain. This is learned by 
the obfervations in the beginning of this article. We 
muff then refolve this ftrain into a ftrain parallel to each 
piece, and another perpendicular to it. Then the ftrap 
which is to be made faft to any of the pieces muft be fo 
fixed, that it fhall refill in the dire&ion parallel to the 
piece. Frequently this cannot be done ; but we muft 
come as near to it as we can. In fuch cafes we muft 
fuppofe that the affemblage yields a little to the pref- 
fures which aft on it. We muft examine what change 
of lhape a fmall yielding will produce. We muft now 
fee how this will affeft 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 awray from it, leaving it loofe and un- 
ferviceable (this frequently happens to the plates which 
are put to lecure the obtufe angles of butting timbers, 
when their bolts are at fome diftance from the angles, 
efpecially when thefe plates are laid on the infide of the 
angles); or it may eaufe it to comprefs the pieces hard- 
er than before; in which cafe it is anfwering our inten- 
tion. But it may be producing crofs ftrains, 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-poll carries 
the tie-beam. The ftrap that we obferve moll gene- 
rally ill placed is that which connefts the foot of the 
rafter with the beam. It only binds down the rafter, 
but does not aft againft its horizontal thruft. It fhould 
be placed farther back on the beam, with a bolt through 
it, which will allow it to turn round. It Ihould em- 
brace the rafter almoft horizontally near the foot, and 
Ihould be notched fquare with the back of the rafter. 
Such a conftruftion 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 ftraps which have 
eye-bolts in the very angles, and allow all motion round 
them, are of all the moll perfeft. A branched llrap, 
fuch as may at once bind the king-poll and the two 
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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 
ftraps frequently break the tenons, by affording a ful- 
crum in one of their bolts. An attentive and judicious 
artill will confider how the beams wn’ll aft on fuch oc- 
cafions, and will avoid giving rife to thefe great ftrains 
by levers.—A Ikilful carpenter never employs many 
ftraps, confidering them as auxiliaries foreign to his art, 
and fubjeft to imperfeftions in workmanlhip which he 
cannot difeern nor amend. We muft refer the reader 
to Nicholion’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, See. 

As for thofe that are neceffary for the turning joints 
of great engines conftrufted of timber, they make no 
part of the art of carpentry. 

177 

After having attempted to give a fyftematic view Examples 
of the principles of framing carpentry, we lhall con-ft different 
elude, by giving fome examples which will illuftrate andpieces of 

confirm the foregoing principles. carpentry. 
. Tig. 38. is the roof of the chapel of the Royal Hof-Roof of 

pital at Greenwich, conftrufted by Mr S. Wyatt. Greenwich 
Inches chaPel# 

Scantling. 

14 by 12 
C)Xl2 
9X7 

10X7 
6X7 

10X7 
9-7 

2X2 

AA, Is the tie-beam, 57 feet long, fpanning 
51 feet clear - 

CC, Queen-pofts - 
D, Braces - - . . . 
E, Trufs beam .... 
F, Straining piece - . _ _ 
G, Principal rafters - - . 
H, A cambered beam for the platform 
B, An iron firing, fupporting the tie-beam 

The truffes are 7 feet apart, and the whole is covered 
with lead, the boarding being fupported by horizontal 
ledgers />, h, of 6 by 4 inches. 

This is a beautiful roof, and contains lefs timber than 
moll of its dimenfions. The parts are all difpofed with 
great judgment. Perhaps the iron rod is unneceffary j 
but it adds great ftiffnefs to the whole. 

The iron ftraps at the rafter feet would have had 
more effeft if not fo oblique. Thofe at the head of 
the polls are very effeftive. 

We may obferve, however, that the joints between 
the ftraining beam and its braces are not of the belt 
kind, and tend to bruife both the llraining beam and 
the trufs beam above it. 

Fig. 39. the roof of St Paul’s, Covefit Garden, con-St plj|> 
llrufted by Mr Wapfhot in 1796. 
AA, Tie-beam fpanning 50 feet 2 inches 
B, Queen-poll - . * 
C, Trufs beam - - . 
D, King-poll (14 at the joggle) 
E, Brace - 
FF, Principal brace (at bottom) 
HH, Principal rafter (at bottom) 
gg, 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 373, but had many inaftive 
timbers, and others ill difpofed. (N. B. The figure 
which we g^ve of it in the article Roof, copied fiom 

Z Price, 

16.12 
9X8 

10X8 
9X8 
8X7r 

10X81 
10X84- 
8x8 

Covent 
Garden. 
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„ 1 trur, JC F is they will ever be quarter Wed. The dmfion of the 1 he in.ernal truls L wh',e three parts makes the extenor roofings very 

light. The {trains are admirably kept from the walls, 
and the walls are even firmly bound together by the 
roof. They alfo take oft' the dead weight from the 

45 
Birming- 
ham the- 
itre. 

Price, is ve*-v erroneous). * “y     ~ 
admirably contrived for fupportmg the extenor rafters 
without any preffure on the far projeAmg ends of the 
tie-heam. The former roof had bent them greatly, lo 
as to appear ungraceful. \ ^ ue 

We think that the camber (fix inches) of the tie- 
beam is rather hurtful; becaufe, by fettling, the beam 
lengthens; and this muft be accompanied by a conjuter- 

finking of the roof. This will appear by calcula- 

tl0Fig. 40. the roof of Birmingham theatre, conftrua. 
ed by Mr Geo. Saunders. The fpan is 8o feet clear, 
and the trulfes are 10 feet apart. 

9><5 
9X9 
8X5! 
7X5 

15X15 
12X9 
9X9 
7X9 
9X9 
4X24- 

9 and 6X9 
6X9 
7X5 

5*X9 

A, Is an oak corbel 
B, Inner plate 
C, Wall plate 
D, Pole plate 
E, Beam 
E, Straining beam 
G, Oak king-poft (in the mart) 
H, Oak queen-poll (in the fiiaft) 
I, Principal rafters 
K, Common ditto 
JL, Principal braces 
M, Common ditto 
N, Purlins 

Straining fill 

This roof is a fine fpecimen of Britifh carpentry, and 
is one of the boldeft and lighted roofs in Europe. The 
draining fill 0 gives a firm abutment to the principal 
braces "and YheS (pace between the polls is 19I- feet 
wide affording roomy worklhips for the carpenters and 

her workmen conne&ed with a theatre. 1 h<-. f31)' 
• f r double bold of the wall, which is 

verTthin, is excellent. There is alfo added a beam 
fmarked R), bolted down to the tie-beams. The in- 

feet apart, conftruaed by Mr Edward Grey Saunders. 
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A, Beams 
B, Rafters 
C, King-pods 
D, Struts 
E, Purlins 
G, Pole plates 
I, Common rafters 
K, Tie-beam to the mam truls 
E, Pods to ditto 
M, Principal braces to ditto 
3M, Struts 
P, Straining beams 

The main beams are truffed in the middle fpace with 
oak truffes 5 inches fquare. This was necelfary for its 
width of 32 feet, occupied by the carpenters, painters, 
&c. The great fpace between the truffes affoids 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 main 
trufs is fo judiciouily framed, that each ot them will fafe- 
ty bear a load of near 300 tons; fo it is not likely that 

10 by 7 
7X7 

12X7 
5X7 
9X5 
5X5 
5X4 

15X12 
15X12 

14 and 12X12 
8X12 

12X12 

main trufs one-third. ,, . r r d 
The intelligent reader will perceive that all thefe roofs Remark,, 

are on one principle, depending on a trufs of three 
pieces and a llraight tie-beam. Thisv is indeed the 
oreat principle ol a trufs, and is a dep beyon t e roo 
will, two rafters and a king poll. 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 flat at top i for the trufs beam 
may be fupported 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 alunder, 
or M, M, and P be crippled, nothing can tai . _ 

The roof of St Martin’s church in the Melds is con- 
drufted 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 m 
a trufs than there is in one of Drury-Lane theatre. I he 
roof of the chapel at Greenwich, that of St Paul s. Co- 
vent Garden, that of Birmingham, and that of 
Lane theatres, form a feries gradually more pertedt. 
Such fpecimens afford excellent leffons to the artids. 
We therefore account them a ufeful prefent to the pu 

h ’There is a very ino-enious projea offered to the pub-Projed by 
licbyMr»o„(C^JeM/^<,p.68.) He™ 
propofes iron rods for king-pods, queen-pods, and all 
other fit nations where beams perform the office of ties. 
This is in profecution of the notions which we publifh- 
ed in the article Roof of the Encycl. (fee ^36, 37.) 
He receives the feet of the braces and flruts in a focket 
very well conne&ed with the foot of his iron king-pod; 
and he fecures the feet of his queen-pods from being 
puffed inwards, by interpofing a draining fill. We 
does not even mortife the foot of his principal rafter in- 
to the end of the tie-beam, but fets it m a locket like a 
ffoe, 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 precifion of a perfon thoroughly 
acquainted with the fubjeft; and we have not the imall- 
ed doubt of the ‘fuccefs of the projeft, and the complete 
fecurity and durability of his roofs, and we expe& to 
fee many of them executed. We abound in iron, bu 
we mull fend abroad for building timber. This is there- 
fore a valuable projed ; at the lame 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^rilfudrations and examples have been chiefly taken 
from roofs, becaufe they are the mod familiar indanc 
of the difficult problems of the art We could ha/e 
wiffied for more room even on this fubjed. The ^ 
dru&ion of dome roofs has been (we think). . 
and the difficulty is much lefs than is , ob 
mean in refped of drength ; for we grant that the ob 
liquity of the joints, and a general mtncaoy, mcreaks 
the trouble of workmanffip exceedingly. Anot J 
portunity may perhaps occur for confidenng tbisff^J^ 
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49 Wooden bridges form another clafs equally difficult 

V'floden ancj important ; but our limits are already overpafied, 
bruiges. anc[ wj]i not admit them. The principle on which they 

ffiould all be conftrudted, 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 artill who confiders with 
attention the fpecimens of centres or coombs, which we 
ffiall give in the article Centre. 

Framing of With refpedt to the frames of carpentry which occur 
great lever.1, 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 ftudy, 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 fleam-engine (fet SiEAM-Engine, n° 84. 
Encycl.) When the be-am mull a£t by chains hung from 
the upper end of arch heads, the framing there given 
feems very fcientifically conftrudled ; at the fame time, 
we think that a ftrap of wrought iron, reaching the 
wffiole length of the upper bar (fee the figure;, would 
be vaflly preferable to thofe partial plates which the en- 
gineer has put there, for the bolts will loon work loofe. 

But when arches are not neceffary, the form employ- 
ed by Mr Watt is vaflly preferable, both for fimplicity 
and for flrength. It confifts of a fimple beam AB 
{fig. 42.), having the gudgeon C on the upper fide. 
The two piflon-rods are attached to wrought iron joints 

N T II Y. 
A and B. Two flrong flruts DC, EC reft on the up- 
per fide of the gudgeon, and carry an iron firing 
ADEB, confifling of three pieces, connedled with the 
flruts 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 
flrain ; even the beam AB might be fawed through at 
the middle. The iron firing is the only part which is 
flretched ; for AC, DC, EC, BC, are all in a Hate of 
compreffion. We have made the angles equal, that all 
may be as great as poffible, and the preffure on the 
flruts and firings a minimum. Mr Watt makes them 
much lower, as A afe B, or A ^ £ B. But this is for 
economy, becaufe the ftrength is almoft infuperable. It 
might be made with wooden firings; but the workman- 
fhip of the joints would more than compenfate the cheap- 
nefs of the materials. 

We offer this article to the public with deference, Conclufion- 
and we hope for an indulgent reception of our efiayr on 
a fubjedl which is in a manner new, and would require 
much ftudy. We have bellowed our chief attention 
on the flrength of the conflrudlion, becaufe 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 inllruCl our mofl valuable and much 
efleemed artills ffiall appear to meet with their approba- 
tion, it may encourage us to engage in the ferious talk 
of compofing a fyflem on the fubjedl. 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 
Cafrabel CASCABEL, the knob or button of metal behind 

II the breech of a cannon, as a kind of handle by which 
Caflini. ta 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 apt 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 aftronomer, 
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 Encyclopedia. 

C A S 
After his firft (Indies in his father’s houfe, in which Caffini. 

it is not to be fuppofed that mathematics and aftronomy v~~ 
would be negledted, he was fent to ftudy philofophy at 
the Mazarine college, where the celebrated Varignon was 
then profeflbr of mathematics. From the affiftance of this 
eminent young man Caffini profited fo well, that at 15 
years of age hefupported a mathematical thefiswith great 
honour. At the age of 17 he was admitted a mem- 
ber of the Academy of Sciences ; and the fame year he 
accompanied his father in a journey to Italy, where 
he allifted 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 refult of which w7as 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 171 2 he fucceeded his father as aftronomer 
royal at the obfervatory of Paris. In 1717 he gave to 
the Academy his refearches on the dittance of the fixed 
liars ; in which he (hewed that the whole annual orbit, 
of near 2QG millions of miles diameter, is but as a point 
in comparifon of that diftance. The fame year he com- 

Z 2 municated 
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Cafllni. 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 fhe 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 quellion 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 publilhed a work in 1729, in w hich he fettled 
the period of the fame revolution at 24 days 8 hours. 
TYom an examination of Bianchini’s obfervations which 
were upon the fpots in Venus, he difcovered 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- 
ftake. The probability is, that both had fallen into 
fome miftake, 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 wdiat it is, or that it is not 
much greater than it was fuppofed by Caffini. Our 
author, after he had convidted 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 
on increafmg for 2000 years, and then would decreafe 
again. In 1740 he publifhed his Aftronomical Tables, 
and his Elements of Aftronomy ; very extenfive and ac- 
curate works. 

Although aftronomy was the principal objedl of our 
author’s confideration, he did not confine himfelf abfo- 
lutely to that branch, but made occafional excurfions 
into other fields. We owye alfo to him, for example, 
Experiments on Eledlricity, or the Light produced by 
Bodies by Fri&ion; 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; RefledKons on the perfe&ing of Burning-glaffes; 
and other Memoirs. 

The French Academy had properly judged, that one 
of its molt important objedts w^as the meafurement of 
the earth. In 1 669 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 Caflini that on the fouth fide. The 
latter was aflifted 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 
in different parts of the meridian; and in fwch fort that 

our author concluded, in the volume publiffied for 1718, Cafllnl. 
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 direct oppofition to the fundamental doftrine 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 
comparifon of the whole determined the figure to be an 
oblate fpheroid, contrary to Caflini’s determination. 

After a long and laborious life, James Caflini died 
in April 1756, in confequence of a fall, and was fuc- t 
ceeded in the Academy and Obfervatory by the fubjedb 
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 deThury (CefarFrangois^acelebratedFrench 
aftronomer, director 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 Caflini, the fubje& 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- 
du& of this bufinefs; in which he w^as fo fcrupulous as 
to meafure again what had been meafured by his father. 
This great work was publiftied in 1740, with a chart 
{hewing the new meridian of Paris, by two different fe- 
ries of triangles, pafiing 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 {beets 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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rls meridian ; to unite the triangles of the chart of 
France with the points taken in Germany j to pre- 
pare the means of extending into that country the 
fame plan as in France ; and thus to eftabhfh iuc- 
ceffively for all Europe a moil 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 he obferved as much as the hate of the weather 
would permit him to do, and publifhed the account of 
it in his Voyage en Vlllemagne. 

Finally, M. Caffini, always meditating the perfeaion 
of his grand defign, profited of the peace of 1783 to pro- 
pofe the joining of certain points taken upon the Eng- 
lifh coaft with thofe which had been determined on the 
coaft of France, and thus to connedf 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- 
lilh government, and prefently carried into efredl under 
the diredhon of the Royal Society, the execution being 
committed to the late General Roy. See the hte of 
that general in this Supplement. 

Between the years 1735 and 1770, M. Caffini pub- 
lifhed, in the volumes of Memoirs of the French Aca- 
demy, a prodigious number of pieces, confiding chief- 
ly of aftronomical obfervations and queflions ; among 
which are obfervable, refearches concerning the parallax 
of the fun, the moon, Mars, and Venus ; on attronomi- 
cal refraffions, and the effeft 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 obje&s, in which he-com- 
monly fuftained a principal fhare. 

M. Caffini was of a very ftrong and vigorous confti- 
tution, which carried him through the many laborious 
operations in geography and aftronomy which he con- 
dufted. An habitual retention of urine, however, ren- 
dered the laft twelve years of his life very painful and 
diftreffing, till it was at length terminated by the fmall- 
pox the 4th of September 1 784, in the 71ft year of his 
age. He was fucceeded in the academy, and as di- 
redfor of the obfervatory, by his only fon John-Do- 
minic Caffini, the fourth in order of diredt defeent who 
has filled that honourable ftation. 

CASTRAMETATION, the art or adt of encamp- 
ing an army. 

CATACAUSTICS, or Catacaustic Curves, in 
the higher geometry, are the Ipecies of cauftic curves 
formed by refledtion. 

CATACOUSTlCSjor CataphonicSjIs the fcience 
of refledfed founds ; or that part of acouftics which treats 
of the properties of echoes. 

CATALOGUES of Books, is a fubjedt of which 
a very curious hiftory has been given to the world by 
Profeffor Beckmann. In the Encyclopaedia mention has 
been made of fome of the moft valuable catalogues, their 
defedfs pointed out, and rules given for making them 

1 ] CAT 
more perfedl; but nothing has there been faid of their Catalogue* 
origin, oy of the ufes which might be made of the oldeft °f Books.^ 
catalogues. 

According to the Profeffor, George Wilier, whom 
fome improperly call Viller, and others Walter, a book- 
feller at Augfburg, who kept a very large (hop, 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 Miraeus, 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. 
Baffasus, printer at Franckfort. Other bookfellers, 
however, muft have foon publifhed catalogues of the like 
kind, though that of Wilier continued a long time to 
be the principal. 

In ail 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. '1 he fecond place is affigned 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 wuth many 
books which had not been brought to the fairs in that 
city. Our author had for fome time in his cuftody, 
Catalogus univerfalis pro nundinis Francofurtenfibus ver- 
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 permiffion 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 that 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 prroilegio fpeciali f. 
caef. maj. Projlat apud yf. Krugcrum Augujlanum. 

Reimmann fays, that after Willer’s death the cata- 
logue was publifhed byr the Leipfic bookfeller Henning 
Groffe, and by his fon and grandfon. The council of 
Franckfort caufed feveral regulations to be iffued re- 
fpe&ing catalogues ; an account of which may be feen 
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- 
ftriftions to which it was 'fubjedfted 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 j and 
thefe, wluch did not contain many books, were in mo- 

nafteries* 

..(a) Labbe, Bibliotheca Bibliothecarum. Lipfiae, 1682, izmo, p. iizv 
(b) Einleitung in die Hifloriam Literariam, i. p. 203. 
(c) Confpedtus Reip. Litter, c. vi. $ 2. p. 316. 
(d) Joh. Adolph. Stock, Frankfurter Chronik, p. 77, 
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Catalogues nafteries, and confided principally of theological, philo- 
of -Bocks. anj hiftorical works, with a few, however, on 
v.r v jurifprudence 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 thele works 
was, neverthelefs, far from being inconfiderable ; and at 
anv rate, many of them would have been of great ufe, 
us they would have ferved to illuftrate the inftruftive 
hiftory of the arts. Catalogues which might have given 
•occafion to inquiries after books, that may be ftill fome- 
•where 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 lead I do not remember (fays the Profeffor) 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, collected toge- 
ther all the catalogues which had been publifhed at the 
different fairs in different years. The work of Clefs has 
the following title : Untus faculi ejufque virorum littera- 
iorum moriumentis turn jlorentijjimi, turn fertiUJJbni, ab an- 
no 1500 ad 1602 nundinarum autumnalium tncluftve, elen 
•thus confummatiffimus—defumtus partim ex fingularum nun- 
dinarum catalogis, partim ex bibliothecis. Auciore Joanne 
Cleffio, Wineccenfi, Hannoio, philofopho ac medico.— 
By the editor’s preface, it appears that the fird edition 
was publifhed in 1392. The order is almolt 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 ifiti, and after- 

wards in 1625, is far larger, more complete, and more 
methodical. Our author, however, confeffes, that he 
never faw a perfeft copy of either edition. This cata- 
logue coniids of three parts ; of which the fird has the 
title of Bibliotheca clajjica, Jive Catalogue officinalis^ in 
quoJinguliJingularum facultatum ac profeffionum libri, qui 
in quavis fere lingua extant—recenfentur ; ufque ad an- 
num 1624 incluftve. Audtore 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 clafjica five Catalogus officinalis, in quo 
philofophici 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 Ubrorum peregrinis Unguis ufuali- 
lus fcriptorum. And a third part, forming 759 pages, 
belides 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 corredl than any that is at prefent extant. This 

indeed would be an expenfive and not an eafy tafk ; for Catalopnn 
our author obferves, that all the oldeft catalogues hadof th''Scatt 
the fame faults as thofe of later date, and that thefe "" 
faults have been copied by Draudius. Many books are 
mentioned which were never printed, and marry titles, 
names, and dates, are given incorre&ly ; 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 he compofed his Bibliotheca. 

Catalogues of the Stars, have ufually been difpofed, 
either as colle&ed into certain figures caWed. confcellations, 
or according to their right afcenfions, that is, the order 
of their pafling over the meridian. 

Of the principal catalogues, according to the firft of 
thefe forms, an account has been given in the Encyclo- 
pedia. The firft catalogue, we believe, that was printed 
in the new or fecond form, according to the order of 
the right afcenfions, is that of De la Caille, given in his 
Ephemerides for the ten years between 1755 and 1765, 
and printed in 1755. It contains the right afcenfions 
and declinations of 307 liars, adapted to the beginning 
of the year 1750. In 1757 De la Caille publifhed his 
Aflronomiie Fundamenta, containing a catalogue of the 
right afcenfions and declinations of 398 ftars, likewife 
adapted to the beginning of 1750. And in 1763, the 
year after his death, was publifhed the Calum Aujlrale 
Stelliferum of the fame author ; containing a catalogue 
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 1732; 
their places being alfo adapted to the beginning of 
1750. In the fame year was publifhed his Epheme- 
rides for the ten years between 1763 and 1775 ; in the 
introdu&ion 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 1 765. 

In the Nautical Almanac for 1773, ,s given a cata- 
logue of 387 ftars, in right afcenfion, declination, lon- 
gitude, and latitude, derived from the obfervations of 
the late celebrated Dr Bradley, and adjufted to the be- 
ginning of the year (760. This fmall catalogue, and 
the refults of about 1 200 obfervations of the moon, are 
all that the public have yet feen of the multiplied la- 
bours of this moil 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 afcen- 
fions and declinations of 998 ftars, which may be oc- 
culted by the moon and planets ; the places being adapt- 
ed to the beginning of the year J756. 

At the end of the firfl volume of “ 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 
34 principal ftars, in right afcenfion and north polar 
diftance, adapted to the beginning of the year 1770. 

Thefe being the refult of feveral years repeated ob- 
fervations, made with the utmofl care and the belt in- 
ftruments, it may be prefutned are exceedingly accurate. 

In 1782, M. Bode of Berlin publifhed a very ex- 
tenfive catalogue of 5038 of the fitted ftars, collected 

from 



GAT [i 

Catalopnes from the obfervations of Flamfteed, Bradley, Hevellus, 
,>f theStarsMayer, De la Callle, Meffier, Monmer, D’Arqueir, and 
  v   other aftronomers ; all adapted to the beginning of the 

year l-So; and accompanied with a celeftial atlas or 
fet of maps* of the conftellations, engraved in a moll 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 
1783 ; Meffier’s nebulas and clullers of liars, publilhed 
in the ConnoiJJance des Temps for 1784; and Herfchel’s 
catalogue of the fame kind, given in the Phil. Tranf. 
for 1786. 

In 1789 Mr Francis Wollalton publilhed “ A Spe- 
cimen of a General Allronomical Catalogue, in Zones 
of North-polar Dillance, and adapted to January 1. 
1790.” Thefe liars are colle&ed from all the cata- 
logues before-mentioned, from that of Hevelius down- 
wards. This work contains five dillindl catalogues ; 
viz. Dr Mallcelyne’s new catalogue of 36 principal liars; 
a general catalogue of all the liars, in zones of north- 
polar dillance ; 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 publilhed at Gotha, Ta- 
bula Motuum Solis ; to which is annexed a new catalogue 
of the principal fixed liars, from his own obfervations 
made in the years 1787, 17885 17895 I79°' This 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 exprefied. It is long fince allronomers were firll 
led to arrange the liars in claffes of different magnitudes 
by their various degrees of brilliancy or lutlre. Bright* 
nefs and fize have at all times been confidered as-fyno- 
nymous terms ; fo that the brightell liars have been re. 
ferred to the clafs comprehending thofeof the firll 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 fatisfaftory ftandard of lullre has 
been the fource of confiderable confufion and uncertain- 
ty in fettling the relative magnitudes of the liars. A 
ilar marked 1. 2m. is fuppofed to be betweea the firll 
and fecond magnitude; but 2. im. intimates that the 
liar is nearly of the fecond magnitude, and that it par- 
takes fomewhat of the lullre of a liar of the firll order. 
Such fubdivifions may be of fome ufe in afcertaining 
liars of the firll, fecond, and third claffes ; but the ex* 
prelfions 5m, 5.6m, 6.9 m, 6m, muff be very vague and 
indefinite. Dr Herfchel obferves that he has found 
them fo in fa<ft; and he therefore coniiders this method 
of pointing out the different lultre of liars as a reference 
to an imaginary llandard. If any dependence could be 
placed on this method of magnitudes,. “ it would follow; 
that no lefs than eleven liars in the conllellation of the 
Lion, namely, <r Ab c d 54, 48, 72, had all under- 
gone a change in their lutlre fince Flam Heed’s time : 
For if the idea of magnitudes had been a clear one, our 
author, who marked & 1.2m. and y 2m. ought to be 
underllood to mean that £ is larger than y ; but we now 
find that actually y is-larger than P. Every one of the 
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eleven liars (fays Dr Herfchel) which I have pointed Catalogues 
out may be reduced to the fame contradi&ion:” _ of the fctars. 

The author has pointed out the inllances of the in- 
fufficiency 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, but alfo in the catalogues of other 
aHronomers. It is fufficiently apparent that the prefent 
method of expreffing the brightnefs of the liars is very 
defective. Dr Herfchel therefore propofes a different 
mode, that is more precife and fatisfadory. 

“ I place each liar (he fays), inllead of giving its 
magnitude, into a Ihort feries, conltruded upon the or- 
der of brightnefs of the neareff proper liars. For in- 
llance, to exprefs the lullre of D, l fay CDE. By this 
Ihort notation, inffead of referring the ffar D to an 
imaginary uncertain llandard, I refer it to a precife and 
determined exiffing one. C is a liar that has a greater 
luff re than D, and E is another of lefs brightnefs than 
D. Both C and E are neighbouring liars, 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 luftre of C is in the fame manner afcer- 
tained by BCD ; that ol 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 moll 
effe&ual way to exprefs the brightnefs of a liar, and by 
that means to deteft any change that may happen in its 
luftre, will appear, when we confider what is requifite 
to afcertain inch a change. We can certainly not wifh 
for a more decifive evidence, than to be affured, by ac- 
tual infpe&ion, that a certain liar is now no longer more 
or lefs bright than fuch other liars to which it has been 
formerly compared; provided we are at the fame time 
affured that thofe other liars remain Hill in their former 
unaltered luftre. But if the liar 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 liar has loll fome part of its luftre ; if, on 
the contrary, it ought now to be denoted by DCE, its 
brightnefs mull have had fome addition. Then, if we 
Ihpuld 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 impofiible to miftake a change 
of brightnefs in D, when every membe.r of the feries is 
found in its proper order except D..” 

In the author’s journal or catalogue, in which the 
. order of the luftre of the liars is fixed, each liar bears 
its own proper name or number, a. g. “ the brightnefs 
of the liar J Leonis may be exprelfed by £ J1 f Leonis, 
or better by 94-T—68—17 Leonis ; thefe being the 
numbers which the three above liars bear in the Britilh 
catalogue of fixed liars.” 

This method of arrangement occurred to Dr Her- 
fchel fo early as the year 1782 ; but he was diverted 
from the regular purfuit of it by a variety of other af- 
tronomical engagements. After many trials, he pro- 
pofed, in the Tranfadlions of the Royal Society of 
London for 1796, the plan which appeared to him the 
moft eligible.. It is as follows 1nltead of denoting 
particular liars by letters, he makes ufe of numbers ; and 
in his choice of the liars which are to exprefs the luftre 
' ' ' - r ■ ^ 
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Catalogues of any particular one, lie directs his firft view to perfect 
efthe Stare.eqUajjty_. two ftars feem to be fimilar both in 

""v ' brightnefs and magnitude, he puts down their numbers 
together, feparated merely by a point, as 30.24 Leonis; 
but if two liars, which at firlt feemed alike in their 
luftre, appeared on a longer infpedlion 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 fuch ftars, as 20, 40, 39, Librae, admit 
of a different arrangement. If the ftate of the heavens 
Ihould be fuch as to require a different order in thefe 
numbers, we may certainly infer that a change has ta- 
ken place in the luitre of one or more of them. When 
two liars 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 ftiort 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 fufficient room for diftindiion, they are diftinguilh- 
ed by a line and comma, thus, —, or by two lines, as 
22-— —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 diltinc- 
tions which he has adopted cannot poffibly be miftaken ; 
“a point denoting equality of lullre ; 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 eftimations that are intended for the purpofe of 
diredling changes.,> 

The difficulties that attend this arrangement are not 
tlifguifed ; 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 dilcoveries 
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 inftance, would not wnfh to know what 
degree of permanency we ought to aferibe to the luftre 
of our fun ? Not only the liability of our climates, but 
the very exiftence of the wdiole animal and vegetable 
creation itfelf, is involved in the quellion. Where can 
we hope to receive information upon this fubjedl but 
from aftronomical obfervations ? If it be allowed to ad- 
mit the ftmilarity of ftars with our fun as a point ella- 
blifhed, how neceff^ry will it be to take notice of the 
fate of our neighbouringy««.r, in order to guels at that 
of our own ? That Jlar, which among the multitude we 
have dignified by the name of fun, to-morrow may llow- 
iy begin to undergo a gradual decay of brightnefs, like 
0 Leonis, « Ceti, “ Draconis, $ Urfae majoris, and many 
other diminilhing ftars that will be mentioned in my ca- 
talogues. It may fuddenly increafe, like the wonderful 
liar 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, C Sagittarii, and 
many other increafmg 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, 

^ Cephei of five, ft Lyrae of fix, » Antinoi of feven Catalog^ 
days, and as many others as are of various periods.” tithe Stas 

Having thus explained the general principle on which ""r1' 
this catalogue is formed, as we find it in the author’s 
firft memoir on the fubjeft, we mull refer the reader to 
the Do&or’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 
liars accurately Hated. In a fubfequent paper, publifh- 
ed in the fame volume, he has completely verified the 
utility of his method by experience, and ftiewn 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 liar. By a feries of obfervations on this 
liar, compared with * Ophiuchi, which was moll con- 
veniently fituated for his purpofe, he has been able not 
only to confirm this opinion, but to afeertain its period. 
His obfervations are arranged in a table, by means of 
which he determines that this liar had gone through 
four fucceflive changes in an interval of 241 days ; and 
therefore the duration of its period muft 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 diredlions, either towards or from us, will ac- 
count for all the phenomena of periodical changes in the 
luftre of the ftars, fo fatisfaftorily, that we certainly 
need not look out for any other caufe.” If it be al- 
ledged that the periods in the change of luftre of fome 
ftars, fuch as Algol, ft Lyras, S Cephei, and » Antinoi, 
are fiiort, being only 3, 5, 6, and 7 days refpedlively ; 
while thofe of o Ceti, and of the changeable liar 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 objeftion, 
that the force of it is founded on our limited acquaint- 
ance with the ftate of the heavens. To the 7 ftars, 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 “ 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 expolition of a more or lels bright 
hemifphere of this periodical fatellite, plainly indicates 
that the fimilar phenomenon of a changeable liar ariles 
from the various luftre of the different parts of its fur- 
face, fucceffively turned to us by its rotatory motion.” 

Befides, we perceive a greater limilarity 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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Cafenan'a, na that may then offer themfelves to our extended views.” 

> Catharine. rp0 thfg paper is Hkewife fubjoined a catalogue of nine 
^ v ^ J conftellations ; and the author promifes to give the 

whole of them in fucceffive fhort catalogues on the fame 
plan. * 

CATENARIA, or Catenary Curve. See En- 
cyd. and ^rch in this Supplement. 

CATHARINE II. Emprefs of all the Rufiias, a&- 
ed fo confpicuous a part on the theatre of the world ; 
pofTeffed 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 I729* Her father was Chriftian Au- 
guftus, prince of Anhalt Zerbft Dornburg, at that time 
major-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 Pruflia, afterwards Frederic the Great, with whom 
fhe 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 earliell 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 charafter. Being natu- 
rally addided to reading, to refle&ion, to learning, and 
to employment, fhe was taught the French and other 
fafhionable languages ; and was inflru&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 fcep- 
tre of Ruffia, 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 
lafcivious, fhe kept fo far as never publicly to acknow- 
ledge any man as a hufband j and upon her afcending 
the throne of her anceftors, fhe called her nephew the 
Duke of Holftein Gottorp to her court, where he was 
lolemnly proclaimed, when fourteen years of age, Grand 
Duke, with the title of Imperial Highnefs, and decla- 
red fucceflbr to the Emprefs Elizabeth. To fecure the 
fucceffion in the family of Peter the Great, the Emprefs 
was very defirous to have her nephew married ; and the 
princefs of Anhalt Zerbft, not ignorant of the tender 
remembrance which ihe ftill preferved for her brother, 
conceived the idea of placing, by means of it, her daugh- 
ter on the throne of Ruffia. She communicated her 
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plan to the king of Pruffia, who not only applauded it, C vluiine. 
but lent her his affiftance to carry it into execution. ■“ v '' 

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 Duke. As Peter was wtil 
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 fire 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 Rufiias. In the mean time the Grand 
Duke 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 pafiion, 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 Duke. 

For fome time this Hi-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 converfation, and 
he felt himfelf degraded by her fuperiority. A fa&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 character. Pie 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 thefe accufations was, 
that he was kept at a diftance from his aunt, and a 
ft ranger to public affairs ; and being wholly unemoloy- 
ed, that time which his education had not fitted him to 
fill up with reading, refleftion, and rational converfa- 
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 
in the habits of drunkennefs, and the other mean prac- 
tices to which it was pretended he had long been de- 
voted. In fuen a fchool, it was no wonder that he be- 
came a proficient in grovelling diffipation ; or that, be- 
ing unpohfhed, and even of rude manners, he chofe for 
his companions fome of the loweft of the people. 

Catharine, in the mean time, languifhed for that hap- 
^ a pinefs 
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Catharine, pinefs which (he could not find in the fociety of her 
' ^ 1 hufband She was fond of pleafure ; but it was that 

comparatively refined pleafure which fhe had enjoyed at 
the court of Berlin. She loved balls, mafic, 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 yetfcarcely 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 conqueft even of the Grand 
Dachefs/ By ftudying her tafte, and contriving to 
amufe her, he was at laft fuccefsful; and obtained from 
her Imoerial Highnefs 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 
commiffioned 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- 

* OA. i. efs had juft been delivered *. The prefumptuous Solti 
J754- 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 Jove and ambi- 
tion/when he was {topped 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 Ruffia. 

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 of 
Ruffia, made her forget the lover whom fhe no longer 
faw. This perfon was Stanifiaus Poniatowlky, the late 
kin^ of Poland, who firft made his appearance at St Pe- 
teriburg in the train of the Britifh ambaflador, and very 
quickly gained the affedfions 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 emprets not only all that they faw, but 
whatever they fufpefted. Elizabeth was incenfed, and 
commanded Popiatowfky to quit without delay the domi- 
nions of Ruffia. The accompliffied 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 
kino- of Poland, faw of what importance it was to his 
matter to have a powerful intereft at the court of Ruf- 
fia. He was likewife no ftranger to the paffion which 
the Grand Duchefs entertained for Pomatowlky ; and 
having got that nobleman decorated with the order of 
the White Eagle, he fent him back to St Peterftmrgh 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 languiftiing in a penury unworthy of their 
rank, he remitted to Pomatowfky 6000 ducats, to be 
employed, in fuch a manner as he might judge heft, for 
fecuring the favour of the prince and his confort. The 
ambaftador profited by thefe counfels and benefadtions. 
He was already fure of the Grand Duchefs’s heart, and 
he veiy quickly gained the favour of her hufband. He 
talked Englifti and German with him; drank, fmoked, 
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abufed the French, and extolled the king of Pruffia Cathjdne, 
with unlimited praife. 

The Grand Duchefs was fo blinded by her paffion, 
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! February 
months. The Grand Duke was the only perfon aboutDJS- 
court who feemed to know nothing of what was paffing. 
His whole time was occupied in copying, with ferylle 
affeftation, the air, the manners, the tone of the king 
of Pruffia ; 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 Poliffi 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 baniftr him to an eftate 
which he had 1 20 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 afflicted her 
moft of all, the dread of lofirg 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 connexion with 
one of the daughters of the Senator Vorontzoff, brother 
to the new chancellor. This lady, Elizabeth Roma- 
novna Vorontzoff, was elder fitter to the Princefs Dafti- 
koff, who a&ed 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 fitter. 

In the mean time the health of the emprefs vifibly 
declining, Catharine was very defirous 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 afked permif- 
fion to retire into Germany. This, as fhe 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 
fhe lived a little longer than (he did, fire 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 fhould clofe 
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 fhewn elfewhere (fee Russia, n" 72. 
Encycl.) how this plan, when almoft ready to be carried 
into execution, was betrayed to Catharine, who, ever 
fmee her caballing with the Chancellor Beftucheff, had refolved, 

t 
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Catharine, refolved, by fame means or other, to {hatch the fceptre 

v*—' from the feeble hand of her hufband. At prefent, we 
believe (he was not acquainted with it; and though (he 
had, (lie could not now have turned it to her advan- 
tage, as her party, ever fince the difgrace of Beftucheff, 
was v'ithout a leader of any abilities. 

Amid thefe diftraftions, 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 pofleffed of all the 
power of the empire ; but he was afraid to proceed to 
the extremity to which (lie 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 affume the fovereign power on 
the death of the emprefs, till he fhould be (olemnly 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 her hufband in advifing him “ to conform 
to eftablirtied cuftom in affuming the reins of empire.” 

He hid hardly received this advice when word was 
brought him that the Emprefs Elizabeth was dead (a) ; 
and the courtiers prefled in crowds about him. He 
accofted 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 ftreets 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 
firft aftions of his reign were prudent and patriotic, and 
fuch as would have done honour to a greater prince. 
He appeared to be reconciled to his wife, in whofe 
company he fpent much of his time ; he recalled from 
prifon and banirtirnenc i 7,oco perfons, fome of them of 
rank and of great talents, who had been the victims 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 predecef- 
fors ; and he abohfhed the fecret committee, an infamous 
inquifitorial tribunal, which 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 he 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 oublifh- 
ed. He made no preparations to be cr 'wned at Mof- 
cow. Inftead of complying with this ancient ceremony, 
and humouring the prejudices of his fuperftitious fub- 
jeCfs, 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 
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 Ruf- 
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 ; 
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, ftop even here : Pie diffianded the noble guards 
which had placed Elizabeth on the throne, difmifled 
the horfe-guards from the fervice which 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, whofe attachment he fliould have laboured 
above all things to retain. He was at pains to (hew his 
preference of the Lutheran faith and worfhip to the 
doftrines 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 pofleffions 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 fuddenly to recal 
him. 

He had now returned to his former courfes. He 
(hut himfelf up for whole days with his mifirefs and 
drunken companions ; he compelled the nobility and 
ladies of the court to (it in company with buffoons and 
comedians ; he infulted every foreign minilter but the 
minifters of Great Britain and Pruffia ; and he made no 
fecret of his intention to repudiate the emprefs, declare 
Paul Petrovitch illegitimate, and marry the Countefs 
Vorontzoff. Convinced, however, as it would feem, 
that he 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 fucceffor; and to unite 
him in marriage with the young princefs of Holftein 
Beck, who was then at St Peterftmrgh, and whom he 
cherifhed as his daughter. 

This inconfiftent and weak conduct 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. Inftrudled 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 huffiand was getting drunk 

A a 2 amidft 

(a) Chriftmas-day 1761 according to the Ruffian calendar, or the 5th of January 1762 according to ours. 
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Catharine, anaidft a rabble of buffoons, and difgufting every perfon 

^eceriCy 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. 

Correft, however, as her public conduft appeared, 
her private life was not lefs licentious than formerly. 
While yet Grand Duchefe, fhe had formed a very ten- 
der connexion with Gregory Orloff, a man of mean 
birth, and of no education, but pofftffed at once of 
perfonal beauty and the moft daring courage. He had 
an inferior commiflion in the artillery, while his two 
brothers were common foldiers in the regiments or 
guards. The intrigue which fhe carried on with him 
was known only to one of her women named Catharine 
Jvanovna j nor did Orloff hrmfelf for fome time fufpcCt 
the rank of the lady who fo lavifhly conferred upon him 
her favours in fecret. At lad, finding him intrepid and 
difcreet, {he 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. 
T he Princefs Daffikoff was ftrongly attached to Catha- 
rine, we believe, from worthy motives, and had frequent 
meetings with Orloff on the bufinefs of the confpiracy, 
without fufpeCting 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 
wifires 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 Ir's miftref?. As they who plan a con- 
foiracy are always more vigilant than thofe againft whom 
it is direCted, the friends of Catharine were carefully 
informed of all that paffed 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 Princel's Dafhkoff, by the 
facrifice, it has been faid, 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 aftion, when all ac once their plot 
was difcovered. 

Paffick, who has been mentioned among the confpi- 
rators, had gained the foldiers of the company of guards 
ia which he was a lieutenant; but- one of them, who 

thought that his captain was in the fecret, afked that Catharine, 
officer one evening. When they w^ere to take up arms —v*— 
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 
fcrap of paper containing thefe words, “ Proceed to ex- 
ecution this inflant, or we are undone.” The man was 
defired to carry it to the Hetman, by whom he would 
be handiomely 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 friends ; 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 inftrufting 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 neglefted 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 fentinels 
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 fuclr 
fury that the horfes foon fell dowm ; 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 laid, 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 herlelf en- 
tirely into their hands.” They immediately fliouted, 
“ 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, forefeen, but to knowhow he intended to aft.” “ To 

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 
nil me« 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- 
bunjh : and with that numerous train of attendants {he 
repaired to the church of Kafan, where the archbifcop 
of Novogorod, fetting the Imperial crown on her head, 
proclaimed her fovereign of all the RufGas, declaring, 
at the fame time, Paul Petrovitch her fucceffor. 

Matters had now proceeded by much too far to ad- 
mit of any comp*omife between Catharine and her huf- 
band : but had the infatuated Tzar put his affairs whol- 
ly into the hands of Marlhal Munich, that intrepid ve- 
teran would have tumbled the emprefs from her throne 
almoft as quickly as {he had got poffeffion of it. He 
afted, however, a very different part. Upon receiving 
intelligence of what had been done at St Peterfburgh, 
be afleed 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 loft which could never be recovered ; for 
though his Holftein guards, with tears in their eyes, 
fwore that they were all ready to facrifice their lives in 
his ftrvice, and though the old Marftial offered to lead 
them againft the rebels, faying to the emperor, “ I will 
go before you, and their fwords fhall not reach you till 
they have pierced my body,” he was perfuaded to treat 
with the emprefs, to acknowledge his miiconduft, and 
to offer to {hare with her the fovereign power. At 
laft he was wTeak enough to abandon his troops, and to 
furrender at diferetion to his confort ; whofe creatures 
hurried him from Oranienbaum to PeterhofF, ftripped 
him of all his clothes, and, after leaving him for fome 
time in his ihirt, a butt to the outrages of an infolent 
foldiery, threw over him an old morning-gown, and ff'.ut 
him up alone, with a guard at the door of his wretched 

•'July 10. apartment. On the 29th of June, 0. S.* i7^2> Count 
Panin was fent to him by tbe emprefs; and after a long 
conference, prevailed with him to write and fign a lo- 
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 fmail Imperial 
palace, at the diffance of 20 verfts from PeterhofF, where 
he was murdered on the 17th of July, juft one w'ttk af- 
ter his depofition. Of the manner of his death diff erent 
accounts have been given. By fome he is laid to have 
been poifoned ; by others, to have been firangled 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 aftefted to believe that he 
had died naturally of the piles ! 

The firfl care of Catharine was to reward thofe who 
had been the principal aftors in the revolt. Panin was 
made prime miniiter ; the Orloffs received the title of 
Count ; and the favourite Gregory w'as 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, 
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of whom 24. received confiderable eftates ; and among Catharine, 
the foldiers, whom fhe treated with the greateft affabi- —— 
lity, brandy and beer were liberally diftributed. The 
Chancellor Beftucheff, who had been the moft 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 w'ith great moderation. Prince 
George, whom he had conftituted Duke of Courland, 
was indeed obliged to renounce his title ; but the ad- 
miniftration of Holftein was committed to him, and he 
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 perfeft eafe in her own mind ; nor was 
her right recognifed by all her fubjefts. Though {he 
publiflred manifeftoes, fetting forth the intentions of the 
late emperor towards her and her fon, which made re- 
fiftance necefiary ; though in thefe papers fhe attribu- 
ted her elevation to the wifhes of her people and the 
providence of God ; and though fhe called upon all who 
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 dilaffeftion to Catharine’s 
government, that it was fome time before fhe could ven- 
ture to go to that city to be crowned ; and (he found 
in it at laft fo cold a reception, that fhe very quickly 
returned to St Peterftnirgh. 

Nor was this the only caufe of her uneafinefs. The 
conneftion between Orloff and her became vifible, and 
gave juft offence to her other friends. The princefs of 
Dafhkoff firft perceived it ; and when fhe prefumed to 
expollulate with the 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 wrere entered into by 
high and low, both againft Catharine and againft 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 Dafii- 
kofi fufficient proof that Panin and the Hetman or the 
liofacks were concerned in a plot which had jufi been 
diicovered ; and w ith this view {he wrote to her a letter 
of four pages, filled with the moft tender epithets and 
the rnoft magnificent prornifes,a njuring her in the name 
of their long-flan ding friendftiip, to - reveal ■ what fhe 
knew of the recent confpiracies. W ith becoming- nag- 
namity, the princefs replied, “ Madam, 1 have heard 
nothing ;.but if I had heard any thing, I ftiouki take 
good care how I fpoke of it. What is it you requi-e 
of me ? That I fhould expire upon a fcaffold ? 1-arn 
ready to mount it.” 

Catharine, cefpairin-g. of conquering fueh a fpirit, at- 
tempted to attach to her thole whom {he dared n t to>- 
punifti. Some of the inferior confpirators were b inch- 
ed to Siberia, while Panin and the Hetman, whom {he 
moft dreaded, received additional marks of her favour. 
In the mean time, to gain the afteftions ox the people. 

au 
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Catharine, at large, flic pa'd the utmoft attention to the adrmnlftra* 
v—^ tion of juftice ; formed magnificent eftablifhments for 

the education of the youth of both fexes ; founded hof- 
pitals for orphans, for the fick, and for lying-in women; 
invited foreigners of aU nations, poffeffed 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 art, that in the fhort fpacc of a year and a half from 
her acceffion to the throne, the national improvement of 
Ruffia was viiible. 

In the good fortune and glory of Catharine, no one 
rejoiced more fincerely than Count Poniatowfky. He 
approached towards the confines of Ruffia, and wrote 
to her in the tendereft ftyle of congratulation, requeft- 
ing permiffion to pay his refpedls to her in the capital 
of her empire. It is not improbable that he flattered 
himfelf with the hopes that fhe would give him her 
hand m marriage, and thus raife him to the throne of 
the Tzars ; but fhe had promifed to the Emprefs Eli- 
zabeth, that fhe woul^d never again fee the count ; and 
to that promife ffie at prefent adhered. She wrote to 
him, however, in the moft affe&ionate terms ; and tho’ 
ffie gave him no encouragement to repair to St Peterf 
burgh, fi e affured him that ffie had other profpe&s in 
view for hi? aggranclifement, and that he might depend 
upon her perpetual friendffiip : and fhe focn appeared 
to be as good as her word. On the death of Auguftus 
III. f! railed her former favourite to the throne of 
Poland in oppofition to the wuffies of the courts of 
Vienna and Verfailles, as well as of a great majority of 
the Poliffi nobles. She defeated the intrigues of the 
two foreign courts by more fkilfully conduced intrigues 
of her own ; and by pouring her armies into the re- 
public, ffie fo completely overawed the nuncios, that 
Poniatow'fky was chofen by the unanimous fuffrages of 
the diet which met for the eleftion 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 fire was thus difpofing of foreign kingdoms, 
file 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 w^ere 
remembered, and his failings and faults forgotten. His 
fate was univerfally lamented ; and, except the confpi- 
rators, 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 palled 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 princefs of Daffikoff was a fecond time baniffied 
to Mofcow ; and, to magnify her own importance, ffie 
fpoke freely of the means by which the emprefs, whom 
ffie accufed of ingratitude, had been railed to the throne. 
The inhabitants of Moicow, wdio never favoured the 
ufurpation, were thus made ripe for a revolt. At St 
Peterffiurgh, Count Panin felt himfelf uneafy under the 
predominant influence of the favourite, and tried in vain 
to divert Catharine’s affections to a new objeft. She 
received a few fecret vifits from a handfome young man, 
and then appointed him to a lucrative and honourable 
employment in fome diftant province of the empire; 

when OrlofF recovered his former afeendeney, which Catharine, 
through his own careleffnefs he had nearly loft. In 
this ftate of the public mind, confpiracies were very 
frequent; and as the general objeCI of them was to 
place on the throne Prince Ivan, who v/as again lan- 
guiffiing 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, ffiould 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 inftruftions of 
Catharine, and her bloody order was inftantly obeyed. 
The affaffins were rewarded, and promoted in the ar- 
my; but the officer who attempted to refeue the prince 
was condemned to death, and buffered 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 penfion ok thirty thou- 
fand. 

The throne of Catharine was now firmly eftablifhed, 
by the death or renunciation of every perfon who was 
defeended of the imperial family ; and ffie had leifure 
to turn her thoughts to the aggrandifement of the em- 
pire. It was foon feen that this was the object which 
ffie had in view when ffie raifed Count Poniatowfky to 
the throne of Poland, and that ffie was not aftuated on 
that occafion by any remains of her former attachment. 
We have elfewhere ffiewn (fee Poland, EncycL n° 98 
—115) under what pretences ffie invaded the kingdom 
of him who had formerly been one of her moft favour- 
ed lovers, and by what means ffie annexed great part 
of it to the territories of Ruffia. 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 legifiatrix 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 Daftkoff fo artfully 
employed as means to bring about the revolution which 
feated the former on the throne. The ftates a&ually 
met in the ancient capital of the empire, and the love- 
reign’s inftru&ions for framing a new code of laws was 
read amidft reiterated burfts of applaule. All prefent 
extolled the fagacity, the wifdom, the humanity of the 
emprefs ; but fear and flattery had a greater ftare in 
thefe exclamations than any juft knowledge of the fub- 
jeft. The deputies of the Samoides alone had the 
courage to fpeak freely. One of them flood up, and, 
in the name of hxmfelf 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 refpedive provinces in 
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Catharine, the minner which we have elfewhere related. Previ- 

—y—J ous, however, to the difTolution of this afTemblyj the 
members were required to fignalize the meeting by 
fome confpicuous aft 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 ftate of Ruftla would perhaps admit. She fpa- 
red neither trouble nor expence to diffufe over the em- 
pire the light of fcience, and the benefits of ufeful and 
elegant arts; and fhe protefted, as far as fhe could, the 
poor from the oppreftions of the rich. About the 
middle of i 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 ftock 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 fire 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 inftitutes, to travel for far- 
ther improvement over Europe, by beftowing upon them, 
for three years, large penfions to defray their expence ; 
and, to remove as much as poflible the Ruffian pre- 
judice againft all kinds of learning, fhe granted patents of 
nobility to thofe who, during their education, had con- 
dufted 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 affigned an annual fum of 5000 rubles for 
the tranflation of foreign literary works into the Ruffian 
language. 

In the year 1768, the fmall-pox raged at St Peterf- 
burgh, and proved fatal to vaft numbers of all ranks 
and of every sge The emprefs was defirous to intro- 
duce the praftice of inoculation among her fubje&s; 
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 actual 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 einn els 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 (Encycl); but 
there was one tranfattion 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 RazumofFlky, to whom, indeed, 
fhe 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 (Encycl.), 
irritated at Catharine’s cruelties to his countrymen, 
conceived the projeft of placing the young princefs on 
the throne of her anceftors ; and, having gained over 
the perfons 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 reftore to him his 
poffeffions, upon condition of his carrying his ward to 
St Peterfburgh. This he refufed : 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 poffelfion 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 affalfinated 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 impofture 
againft 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 unfufpefting 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 obfequious 
train, fhe was rowed from the fhore in a boat with mag- 
nificent enfigns, 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. She 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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• never known. Such were the me^.ns which Catharine 

fcrupled not to employ in order to get rid of all pre- 
tenders to her throne. 

Soon after this fervice rendered to her by Alexius 
Orlolf, fhe difmifTed his brother Gregory from her fa- 
vour, and conne&ed herself with Vaffiltchikoff, a fub- 

lieutenant of the guards. 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, fire 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 1 eo,ooo rubles, a 
handfome fervice of plate, and an eftate with 6000 pea- 
fants upon it; and, thus enriched, he fet out upon a 
journey through various parts of Europe. He return- 
ed, however, much fooner than was expefted ; the new 
favourite was handfomely rewarded, and fent to a dif- 
tance ; Orloff was reflored 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 
iiftened 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 fhaking 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 minifler. Danger, however, at lafl prevailed over 
the favourite : Panin was fent againft Pugetfhoff; the 
rebellion was crufhed ; and Catharine found leifure 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 
adminiftration of juftice through the whole of her vail do- 
minions, evinces the greateft wifdom and fagacity in their 
author, as well as a proper regard to the practicable li- 
berties and rights of men. In the capital, fhe eftablifh- 
ed the moft perfeft 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 afting 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 courts, 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 tlve 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 

the fcale of Auftria, and fometimes into that of Pruffia, 
juft as the interefts of her own dominions required the 
one or the other to preponderate—fhew how admirably 
fhe was qualified to guide the helm of a great empire 
in all its tranfa&ions with foreign ftates. We fpeak 
not of the equity of her proceedings; for it muft 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 proteCiion. 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 conduft, 
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 fubjeds the blef- 
fings of knowledge and induftry, file 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 alone 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 aftion, 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 inftruftion 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 is 
faid fecretly to have given her hand, and who prefer- 
ved her friendfhip, if not her affe&ion, 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 look 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. tier other favourites had nothing to recom- 

mend 

Catharine, 

(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. 

One of them, however, thought it necefi'ary to have a 
library in the grand houfe, of which the emprefs, upon 
receiving him into favour, had made him a prefent; and 
defired trie principal bookfeller to fill his (helves. The' 
man allied him what books he would pleafe to have. 
“ You undeiftand that better than I (replied the fa- 
vourite) ; that is your bufinefs. You know the pro- 
per alfortments ; I have deftined a large room to receive 
them. Let there be large books at the bottom, and 
fmaller and fmaller up to the top ; that is the way they 
(land in the emprefs’s library !” In the converfation 
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 Ihe difplayed on every public occafion, 
fhould be confidered as an iuftance of weaknefs or of 
wifdom. If (he delighted in balls, and mafquerades, 
and fumptuous entertainments, and drefs loaded with 
jewels, and every kind of fplendid ornament, for their 
own fakes, (he 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 Ihe introduced fuch fplendor into her court mere- 
ly to divert the attention of the Ruffians from the means 
by which (he 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 molt mai- 
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 coalefccd powers, in order to crufh 
the horrid hydra, before its anarchical principles could 
be introduced among her own barbarous fubjefts. 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 Odtober 
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 exhaufted by a long and bloody 
war. She gave refuge, indeed, in her dominions to many 
emigrants from France, and fent a fquadron of fhips to- 
co-operate with the navy of England : but in this lalt 
meafure (he 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- 
pecls 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 affiflance from England and Auftria, fhe flatter- 
ed herfelf with accomplifhing her darling projedt 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 
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behind her the chara&er of one of the greateft. fove- 
reign? that ever fwayed a fceptre. 

After this long detail of the incidents of her life, it 
is needlefs to inform the reader that Catharine II. had 
no religion, and, of courfe, no principles of morality, 
which could induce her in every inftance to do to others, 
as fhe would have them do to her. She was a profefted 
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 (lie carefl’ed, fold to her an immcnfe li- 
brary, when he pofteffed 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 Capricorni, a fixed ftarof the fourth mag- 
nitude, in the tail of Capricorn ; called alfo, by the 
Arabs, Dineb Algedi; and y by Bayer. 

Cauda Cetiy a fixed ftar of the third magnitude ; 
called alfo, by the Arabs, Dined Kaetos ; marked ,3 by 
Bayer. 

Cauda Cygni, a fixed ftar of the fecond magnitude, 
in the Swan’s tail; called by the Arabs Dineb Ad\geget 
or Eldegiagich ; and marked « by Bayer. 

Cauda Delphini, a fixed ftar of the third magnitude, 
in the tail of the Dolphin ; marked s by Bayer. 

Cauda Draconis, or Dragon’s tail, the moon’s fouth- 
ern or defcending node. 

Cauda Leonis> a fixed ftar of the firft magnitude, in 
the Lion’s tail ; called alfo, by the Arabs, Dineb Ele- 
ced; and marked (h by Bayer. It is called alfo Lueidi 
Cauda. 

Cauda Urfz 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 >, by 
Bayer. 

Cauda Urfat Minority a fixed ftar of the third mag- 
nitude, at the end of the Leffier Bear’s tail ; called alio 
the Pole Star, and, by the Arabs, Alrukabah ; and 
marked * by Bayer. 

CAUSE has been defined, we think, with accuracy 
in the Encyclopaedia, and the do&rine ftated which we 
believe to be true. Objections however have been made 
to that dodtrine, of which we have endeavoured to re- 
move fome, under the title Action, in this Supple- 
ment ; and the dodtrine itfelf has been well illuftrated 
(at lead fuch is our opinion) in the fupplementary ar- 
ticle Astronomt. We have, therefore, very little to 
add here on the fubjedt of caufes, though it is the molt 
important fubjedt 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 inftance, 
and the fufion of metals i Is it a nectjfary conneftion, or 
only a conjundion, difeovered by experience to be con- 

Jlant ? 
If by necejfary connedtion be meant that kind of con- 

nedtion of which the contrary cannot be conceived, we 
do not think that the connedtion of any phyfical caufe 
with its effedt can be called neceffary. We fee no dif- 
ficulty in conceiving, that fire, inftead of fufing gold, 
might fix mercury.. This may indeed be irnpqffible 5 

B l> and 

Caufo. 
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Caufe, and we might perhaps fee the impoffibility, did we as 
Gemer. compieteiy know the nature of fire and of metals, as we 

v know the relations of pure geometry. We ^hat 
the three angles of a plain triangle cannot poflibly be 
either greater or lefs than two right angles ; tor in this 
comparifon nothing is hid from our mental view. We 
do not, however, perceive the impofTibihty of mercury 
being fixed, as clay is hardened, by heat ; for of heat, 
and mercury, and clay, we know very little, and that 
little is the offspring of experience. 

But if the connexion between caufe and effect be not 
necefary, are we not deprived of the means of demonftra- 
ting the great fundamental truth of religion ? We have 
nowhere faid, that the conne&ion between caufe and 
effedt is not neceffary ; but only, that we do not per- 
ceive the neceffary connexion between'what are called 
phyfical caufes and their effefts. That every event is, 
and muff 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 aaions. 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 inammated, 
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.think, 
as effefts up to fome agency ; and therefore., in our 
opinion, there is no real, ultimate, efficient 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 phyfical caufes. See {Encycl) Metaphysics, 
n° 109, &c.—Philosophy and Physics,and 
ISuppl.) Action and Astronomy. 

2. . CENTER, or Centre, a word borrowed from the Definition, name ceintre or cintre, given to the frame of tim- 

ber, by which the brick or done of arched vaulting is 
fupported during its ereftion, and from which it re- 
ceives its form and curvature. 

„ It is not our intention to defcribe the variety of con- 
Kmalftruftion,, which may be adopted in eafy fixations, 

where the arches are of fmall extent, and where iuih- 
cient foundation can be had in every part of it tor 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 veiy flight timbers, connefted together 
in an ordinary way, will fuffice for carrying the weight, 
and for keeping it in exadf fhape. 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 oi 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- 
ftone is fet, muff itfelf be an arch, depending on the 
mutual abutment of its beams. One fhould think that 
this view of the conflruftion of a centre would offer it- 
felf at the firfl, naturally derived from the ereftion it 
was to affift: but it has not been fo. When intermedi- 

ate pillars were not employed, it was ufual to frame the Cenur, . 
mould for the arch with little attention to anything but ' 
its fhape, and then to crofs it and recrof's it in all direc- 
tions with other pieces of timber, till it was thought fo 
bound together that it could be lifted in any pofition, 
and, when loaded with any weight, could not change 
its fhape. The frame was then raifed in a lump, like 
any folid body of the fame fhape, and fet in its place. 
This is the way flill praftifed by many country artiits, 
who, having no clear principles to guide them, do not 
flop till they have made a load of timber almoft equal 
to the weight which it is to carry. 

But this artlefs method, befides leading the employer 
into great expence, is frequently fatal to the undertaker, 
from the unfkilfulnefs of the conflruftion. The beams 
which conneft its extremities are made alfo to fupport 
the middle by means of polls which reft on them. They 
are therefore expoled to a tranfverfe or crofs ftrain^ 
which they are not able to bear. Their number muft 
therefore be increafed, and this increafes the load. Some 
of thefe crofs drains are derived from beams which are 
preffed very obliquely, and therefore exert a prodigious 
thruft on their fupports. The beams are alfo greatly 
weakened by the mortifes which are cut in them to re- 
ceive the tenons of the crofting 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-^°n*u'uc 

tide. Thefe furuifh one general rule : When we would 
give the utmoft ftrength poffible to a frame of carpen- 
try, every piece fhould be fo difpoied that it is fubjcft 
to no drain but what either pufhes or draws it in the 
direftion of its length : and, if we would be indebted, 
to timber alone for the force or ftrength of the centre* 
we muft reft all on the firft of thefe drains ; for when 
the draining force tends to draw a beam out of its 
place, it muft be held there by a mortife and tenon, 
which pofTeffes but a very trifling force, or by iron 
ft raps and bolts. Cafes occur where it may be very , | 
difficult to make every ilrain a thruft, and the heft art- 
ifts admit of ties ; and indeed where we can admit a 
tie-beam connefting the two feet of our frame, we need 
feek no better fecurity. But this may fometimes be 
very inconvenient. When 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 
moft fatal accidents by frefhes, &c. Interrupted ties, 
therefore, muft 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- 
ceffary, and a very fcrupulous attention to the difpofi- 
tion of the pieces. It is by no means an eafy matter 
to difcern whether a beam, which makes a part of our 
centre, is in a ftate of comprefiion or in a ftate of ex* 
tendon. In fome works of the moft eminent carpen- 
ters even of this day, we fee pieces confidered as ftruts 
(and confiderable dependence had on them in this ca- 
pacity), while they are certainly performing the office 
of tie-beams, and fhould be fecured acccordmgly. This 
was the cafe in the boldeft centre (we think) that has 

been 
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How to fe 
:ure ftiff- 
icfs and 
ftrength. 

Center, been executed in Europe, that of the bridge of Orleans, 
—'"V"—^ by Mr Hupeau. Yet it is evidently of great confe-. 

quence not to be midaken 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 expefted, but the expected fupport has 
become an additional load. 

Howto dif r^° a^cert:a’n t^‘s P°int5 we may fuppofe the piers 
ino-uifli a to y,eid a little to the preffure of the architones on the 
[trut from a centre frames. The feet, therefore, fly outwards, and 

the ftiape is altered by the finking of the crown. We 
muft draw our frame anew for this new date of things, 
and mult notice what pieces mud be made longer than 
before. All fuch pieces have been acting the part of 
tie-beams. 

But a centre has dill another ofB.ce to fudain ; it 
mult keep the arch in its form ; that is, while the load 
on the centre is continually increaling, as the mafons 
lay on more courfes of arch dones, the frame mull not 
yield and go out of lhape, finking under the weight on 
the haunches, and rifing in the crown, which is not yet 
carrying any load. The frame mud not be fupple ; and 
mud derive its ftiffnefs, not from the clofenefs and 
itrength of its joints, which are quite infignificant when 
fet in competition with fuch immenfe drains, but from . 
ftruts or ties, properly difpofed, which hinder any of 
the angles from changing its amplitude. 

It is obvious, from all that has been faid, that the 
. ftrength and lliffnefs of the whole mud be found in the 
triangles into which this frame of carpentry may be re- 
folved. We have feen that the drains which one piece 
produces on two others, with which it meets in one 
point, depends on the angles of their interfedlion ; and 
that it is greater as an obtule angle is more obtufe, or 
an acute angle more acute. And this ftiggeds to us 
the general maxim, “ to avoid as much as pofiible all 
very obtufe angles/’ Acute angles, which are not ne- 
ceflarily accompanied by obtufe ones, are not fo hurtful; 
becaufe the drain here can never exceed the llraining 
force; whereas, in the cafe of an obtufe angle, it may 
fmpafs it in any degree. 

Such are the general rules on this fubjeft. 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 faft, that no general and diftin£t 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 condruft- 
ed with very7 little fldll; and thofe for the arches of the 
nave and tranfepts, though incomparably fuperior, and 
of confiderable fnnplicity and ftrength, 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 architeft and confummate 
mechanician Sir Chriftopher Wren. We fhould doubt- 
lefs have feen in them every thing that fcience and great 
fagacity could fugged. 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 160 feet from 
the ground, and without making ufe of even a projeft- . 
ing corniche whereon to reft it. 

The earlieft theory of the kind that we have met 

Center. with, that is propofgd on fcientific principles, and with 
the expreis purpofe of ferving as a lefibn, are two cen- 
tres by Mr Pitot of the Academy of Sciences, about the Theearliefl 
beginning of this century. As they have confiderable theory, on 
merit (greatly refembling thofe employed by Michael 
Angelo in the nave of St Peter’s), and afford fome good P1*1101!’ "s» 
maxims, we fhall give a (hort account of them. We 
crjive the excufe of the artiffs if we fhould 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 fhall deferibe under the name of a centre is 
(properly fpeaking) 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 joifts 
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 joift is laid for 
every courfe of archftones, with blockings between to 
keep them at their proper diftances. The {tones are 
not laid immediately on thefe joifts, but beams of foft 
wood are laid along each joift, on which the (tone is 
laid. Thefe beams are afterwards cut out with the 
chiffel, in order to feparate the centre from the ring of 
Hones, which muft now fupport each other by their mu- 
tual abutment. 7 

The centre is diftinguifhable into two parts, ALLB Muftrated, 
(fig. 1.) aisd LDL, which are pretty independent of plate XIV. 
each other, or at leaft aft feparately. The horizontal 
Stretcher LL cuts the femicircle ADB 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 of 
the ftruts GI, HK is filled up by the Straining Beam 
GH, abutting in a proper manner on the ftruts (fee 
Carpentry, Supplement). The extremities L, L, are 
united in like manner by butting joints, with the heads 
of the outer ftruts. The Arch Moulds AP, BP, are 
connefted with the ftruts by crofs pieces PQ^ which we 
fhall call Bridles, which come inwards on each fide of 
the ftruts (being double), and are bolted to them. This 
may be called the lower part of the frame. The upper 
part confifts of the king poll I)R, fupported on each 
fide by the two ftruts or braces ML, ON, mortifed into 
the poft, and alfo mortifed into the ftretcher, at the 
points L, N, where it is fupported by the ftruts below. 
The arches LD, LD are connefted with the ftruts by 
the bridles PQ^in the fame manner as below. s 

There is a great propriety in many parts of this ar- Propriety 
rangement. The lower parts or haunches of the arch of ‘h*8 ar- 
prels very lightly on the centres. Each archftone is 
ing on an inclined plane, and tends to Hide down only 
with its relative weight; that is, its weight is to its 
tendency to Aide down the joint as radius to the fine of 
elevation of the joint. Now it is only by this tendency 
to Aide 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, ariling from this 
caufe, is much lefs than this, by reafon of the friftion of 
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Center, the joints. A block of dry free (lone will not Aide down 

at all; and therefore will not prefs on the centering, if 
the joint be not elevated 35 degrees at leaft. But the 
archftones are not laid in this manner, by Hiding them 
down along the joint, but are laid on the centres, and 
Hide down their Hope, till they touch the blocks on 
which they are to relt; fo that, in laying the arch- 
ftoncs, 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 diminilhes 
the preffure on the centres ; each block Hides down the 
planks on which it is laid, and prefles on the block be- 
low it, in the diredtion of the tangent to the arch. Xhts 
preffure is tranfmitted through this block, in the fame 
diredtion, 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 preflure on the lower archftones, 
which diminlihes their prefiuve on the frame^ and, if 
fefficiently great, might even pufh them away from it. 
Mr Couplet has given an analyhs of this preffure, and 
ffiews, that in a femicircular arch of uniform thicknefs 
none of the arch ftones beW 30° prefs on the frames. 
But he (without faying fo) calculates on the fuppofi- 
tion that the blocks defeend along the circumference of 
this frame in the fame manner as if it were perfedtly 
fmooth. As this is far from being the cafe, and as the 
obftrudtions are to the laft degree various and irregular, 
it is quite ufelefs to inftitute any calculation on the fub- 
jedt. A little refledtion will convince the reader, that 
in this cafe the obftrudtion arifing from ftidlion muft be 
taken into account, and that it mujl not be taken into 
account in eftimating the preffure of each fucceffive 
courfe of ftones as they are laid. It is enough that we 
fee that the preffure of the lower courfes of archftones 
on the frame is diminifhed. Mr Couplet fays, that the 
whole preffure of a femicircular arch is but -gths of its 
weight ; but it is much greater, for the reafon juft now 

By a centre gb'en. "We have tried, with a wed made wooden mo- 
of M. Pi- dd (of which the circumference was rubbed with black 

lead to render it more flippery), whether any part of the 
wooden blocks reprefenting the archftones were detach- 
ed from the frame by the tangential preffure of the fu- 
perior blocks ; but we could not fay confidently that 
any were lo detached. W e perceivec that all kept hold 
of a thin flip of Chinefe paper (alfo rubbed with black 
lead) between them and the frame, fo that a fenfible 
force was required to ouii 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 before the keyftone is fet. In 
elliptical and lower pitched circular arches, the propor- 
tion is (till greater. 

It feems reafonable enough, therefore, to difpofe the 
framing in the manner propofed by Pitot, directing the 
main fiipnort to the upper mafs of the arch, which 
preffes moft on the frame. Vffe fhall derive another ad- 
vantage from this conftruftion, which has not occurred 
to Mr Pitot. 

There is an evident propriety in the manner in wftiich 
be has diftributed the fupports of the upper part. The 
ftruts which carry the king poll fpring from thofe points 
of the ftrctcher where it refts on the ftruts below : thus 
the ftretchejr, on which all depends, bears no tranfverfe 
ftrains. It is ilretched by the ftiut above it, and it is 
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compreffed in a fmal! degree between the ftruts below 
it, at leaft by the outer ones. Mr Pitot propofes the —~v— 
ft raining beam GH as a lateral fupport to the ftretcher, 
which may therefore be of two pieces : but although it 
e/oes augment its ftrength, it does not feem neceffary for it. 
The ftretcher is abundantly carried by the ftrap, which 
may and ftiould fufpend it from the king poft. The 
great ufe of the ftraining piece is to give a firm abut- 
ment to the inner ftruts, without allowing any lateral 
ftrain on the ftretcher. Ar. £. Great care muft be ta- 
ken to make the hold fufficiently firm and extenfive be- 
tween the ftretcher and the upper ftruts,' fo that its c<> 
hefion to refill the thrufts from thefe ftruts may be much 
employed. 

The only imperfeftion that we find in this frame is 
the lateral ftrains which are brought upon the upper 
ftruts by the bridles, which certainly tranfmit to them 
part of the weight of the archftones on the curves. 
The fpace between the curves and ML ftiould alfo have 
been truffed. Mr Pitot’s form is, however, extremely 
fliff; and the caufing the middle bridle to reach down 
to the ftretcher, feems to feeure the upper ftruts from 
all rifle of bending. 

This centre gives a very diftinft view of the offices 
of all the parts, and makes therefore a proper introduc- 
tion to the general fubjeft. It is the fimplefl that can 
be in its principle, becaufe all the effential parts are fub- 
jefted 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. . 10 

The examination of the ftrength of the frame is ex-The ^ 
tremely eafy. Mr Pitot gives it for an arch of 60 feet 
fpan, and fuppofes the archftones 7 feet long, which is 
a monftrous thicknefs for fo fmall an arch ; q feet is an 
abundant allowance, but we fhall abide by his conlltuc- 
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 ftraining piece GH is alfo 12 by 12. 
The lower ftruts 10 by 8. 
The king poft 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 fe&ion 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 -r^th. But fince very 
nice calculation is neither eafy nor neceffary on this fub- 
je&, it is needlefs to depart from the French meafures, 
which would occafion many fractional parts and a trou- 
blefome redu&ion. 

The arch is fuppofed to be built of ftone which 
weighed 160 pounds per foot. Mr Pitot, by a compu- 
tation (in which he has committed a miftake), fays, 
that only i^ths of this weight is carried by the frame. 
We believe, however, that this is nearer the truth than 
Mr Couplet’s affumption of f ths already mentioned. 

Mr Pitot farther affumes, 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 British oak 
that we have tried ; fo far, indeed, that we rather ima- 

ginc 
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<rmt that he means that this load may be laid on it with horizontal thrull 
perfect fecurity for any time. Bnt to compenfate for 
knots and other accidental imperfeflionsj he affumes 
'j 200 as the meafure of its abfolute torce. 

He computes the load on e?.ch frame to be 707520 
pounds, which he reduces to ^ths, 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 ftones which 
prefs on them, thinks that they may be conliderqd as 
a61ing 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 av x s, and draw the vertical x c, meeting the 
horizontal line aC in c. Make cb equal to ca. . Join 
xb, and complete the parallelogram ax by. It is evi- 
dent that the diagonal xy will reprefent the load which 
thefe pieces can carry ; for the line a n is the united 
force of the curve AP and the ftrut IE, and a j is the 
ilrength of IG. Theie two are equivalent to ax. 
X b is, in like manner, equivalent to the fupport on the 
other fide, and 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 r= 28 50000 pounds, This is more than five 
times the load which actually lies on the frame. It is 
therefore vaftly ftronger than is neceffary. Half of 
each of the linear dimenfions would have been quite fuf- 
fi'cient, 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 518400; therefore, having drawn Mu pa- 
rallel to the ftrut ON, make Mu = 432000, and Mr 
“432000 + 518400. Complete the parallelogram 
M i r u. Draw the horizontal line r i, cutting the ver- 
tical MC in k, and make ly M l. 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 = 1 160000. This is alio 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 ftiould have adverted to this ; and inftead of ma- 
king the upper ftruts more {lender than the lower, he 
{hould have made them ftouter. 

The ftrain on the ftretcher EL is not calculated, It 
is meafured by r l', when My is the load a 61 a ally ly- 
ing on the upper pait. Eels than the fixth part of the 
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and there is no difficulty of making Center, 

the foot joints of the ftruts abundantly ftrong for the 1 v J 

purpofe. 
The reader will perceive that the computation juft, 

now given does not ftate the proportions of the {trains- 
aflual/y exerted on the different pieces, but the load on 
the whole, on the fuppofition that each piece is fubjedl- 
ed to a ftrain proportioned to its ftrength. The other 
calculation is much more complicated, but is not riecef- 
fary here. 

This centre has a very palpable defied!. If the piers 
ftiould 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 kwer part 
is firmly bound together, and cannot change its fhape, ■ 
and will therefore aft 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 {trained 
acrofs at the place between H and F, where it is bolt- 
ed with the bridle. This may be refifted in fome de- 
gree by an iron {trap uniting ON and HK; but there 
will ftill be a want of proportional ftrength. Indeed, 
in an arch of fueh height (a femicircle), there is but 
little-rifle of this yielding ol the piers ; but it is an im- 
perfection. 

The centre (fig. 2.) is conftrudted on the fame prin-A centre 
ciple precifely for an elliptical arch (a). The calcula-on ^amc 

tion of its ftrength is nearly the fame alfo ; only thejP™^’^ 
two upper ftruts of a fide being parallel, the paralklo- ticaj archo . 
gram M/ru (of fig. 1.) is not needed, and in its (lead 
we meafure off on ON a line to reprefent 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 but one firm body with 
the king poit. 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 when the angle formed by the ftruts on 
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 itrut ON lofing its hold, and ceafing to 
join in the lupport : for when the crown finks by the 
lengthening of the ftretcher, the triangle OR.N of ng. 2. 
will be more diftorted than the fpace above it, and ON 
will be loofened. But this will not be the cafe when 
the finking of the crown arifes from the mere com- 
preffion 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- 
ftrubtion for this purpofe. 

Make BY - CD, and CZ = 4 CY. Defcribe the Hov "tcV 
irm on me upper p«u r.  - femicircle ZiEY, and make ZS = ZiE. S is the centre cohdrubr; 
coheiion of the-ftretcher is more than fufficient for the . of the. fide arches, each of 60 degrees. The centre T an 

the- *‘ 

(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 31 feet. 
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Center, the arch, which unites thefe two, i& 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 {hall add another of our own, which coincides 
with the ellipfe in eight points, and furniflies 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 defcribe a circle KD b e palling through 
the three given points A, D, and b. It may be de- 
monftrated, 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 {hall coincide as much as 
pofilble with an ellipfis ? The mod: likely method for 
this is to find the very point P where the elliplis cuts 
the circle AD be. The eafieft way for the artift is to 
defcribe an arch of a circle a m, having AB for its ra- 
dius, and the remote focus f for its centre. Then fet 
one foot of the compaffes on any point P, and try whe- 
ther the diftancc PF from the neareft focus F is exadl- 
iy equal to its diflance P m from that circle. Shifting 
the foot of the compafi'es from one point of the arch to 
another, will foon difcover the point. This being found, 
draw PD, make the angle DP ~ PD r, and R and r 
are the centres wanted. T hen make C s = CR, and 
we get the centres for the other fide. 

The geometer will not relifh this mechanical conftruc- 
tion. He may therefore proceed as follows : Draw Dr/ 
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 Bifeft. CN in O, and join O i. 
Make OM, OM' r= O i, and draw MP, MT perpen- 
dicular to AB. Thefe ordinates will cut the circle 
AD be in the points P and F, where it is cut by the 
ellipfe. We leave the demonltration as a geometrical 

l4 exercife for the dilettante. 
Centre for We faid, that this centering of Mr Pitot’s refembled 
the nave of Jn principle the^one employed by Michael A ngelo for 
St Peter’s. tjie naye an(j tranfepts of St Peter’s church at Rome. 

Fontana, who has preferved this, afcribes the conflruc- 
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 
the 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 judicioully dilpofed, and every important beam 
is amply fecured againlt all tranfverfe drains. Its only 
fault is a great profufion of Itrength. The innermoft 
polygon aghb is quite fuperfluous, becaufe no drain 
can force in the ftruts which red on the angles. Should 
the piers yield outwards, this polygon will be loofe, and 
can do no fervice. Nor is the triangle gih of any ufe, 
if the king-poft 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 compofeu ; and w’e expeS that 
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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 trufs 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 confolidate 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 clearly feen af- 
terwards, when we treat of the internal movements of 
an arch of mafonry. 

This may fuffice for an account of the more Ample 
condruftion of trufled centres; and we proceed to fuch. 
as have a much greater complication of principle. We 
{hall take for examples fome conftru&ed by Mr Perro- 
net, a very celebrated French architefl. 

Mr Perronet’s general maxim of conftru&ion is to Pem.net’* 
make the trufs confid of feveral courfes of feparate truf- maxim of 
fes, independent (as he thinks) of each other, and thus£:™tluc“ 
to employ the joint fupport of them all. In this con- 
druftion 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 praftifed 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 fides) is cir- 
cumfcribed bylines which touch the circle in the angles 
of the inferibed polygon. By this conftruftion 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 direftion 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. I 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 is expefted, that when the load is laid on the up- 
permoft 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 abutt on each 
other, and thus bear a {hare of the load. Mr Perronet 
does not affume the invention to himfelf; but fays that 
it was invented and pradtifed 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 
architeA 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 a!fo 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 Qf Cravant. The arches are elliptical, of 60 feet 

fo^ihe7^ fPan and 20 fect rlfe* The archIlont’s are four feet 

bridge of thick, and weigh 176 pounds per foot. The trufs- 
Cravant, beams were from 15 to / 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 feftion 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 
preffure 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 fides, in the proportion of 360 to 285. 
Therefore fay, as 360 to 285 fo is 90 to 71^ tons, the 
thruft on each foot. The feAion of each is 144 inches. 
We may with the utmotl fafety lay three tons on every 
inch for ever. This amounts to 43^ t°ns> which.is more 
than fix times the Itrain 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 58x3- 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 muft 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 ftrut ; befides, it is next to impoffible to diftribute 
the compreffing thrufts among the different rows of the 
trufs beams ; and a beam which, during one period of 
the mafon work, is a&ing the 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 pulh it afide. This is the moll ruinous acci- 
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 perfedlly ftiff or unchangeable in its form, and 1 

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 polls 
are removed, and that the beams are joined by compafs 
joints. If the pier lhall yield in the fmalleft degree, 
both rows of ftruts muft fink ; and fince the angles (at 
leaft the outerqioft) 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 
muil 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 oompreffion 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 itiffnefs of 
the frame arifes chiefly from crofs ftrains. Suppofe that 
the frame is loaded with archftones on each fide up to 
the polls HC, he; 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, e oYy 
becaufe O and 0 are held down by the double king polls, 
which grafp the beams between them. There is there- 
fore a crofs ftrain on the beams. Obferve alfo, that the 
triangle EHF does not preferve its lhape by the con- 
nedlion of its joints ; for although the ftrut beams are 
mortifed into the king poll, they are in very fhallow 
mortifes, rather for lleadying them than for holding 
them together. Mr Peironet did not even pin them, 
thinking that their abutment was very great. The tri- 
angle is kept in flrape 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 feme of Mr Perronet’s bridges would have yield- 
ed much more than 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 fliape : in one arch of 120 feet he laid on 
45 tons. Notwithftanding this impeifeftion, which is 
perhaps unavoidable, this mode of framing is undoubt- 
edly very judicious, and perhaps the bell which can be 
employed without depending on iron-work. 

Fig. 5. reprefents another, conftru&ed by Perronet For the 
for an arch of 90 feet fpan and 28 feet rife. The truf- br>dge of 
fes were 7 feet apart, and the arch was 44 thick ; fo thatNogeDt* 
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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Centrr. row, bet kept nearly parallel to the outer beam of the 

v——' Upper row> a(j^s greatly to the ftrength of the 
foot, and takes off much of the horizontal thruft from 
the pier. 

Mr Perronet has fhevvn great judgment in caufing 
the polygon of the inner row of trufa beams gradually 
to approach the polygon of the outer row. By this 
'difpoiition, 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 exa&ly, 
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 this been done, this centre is al- 
molt perfedt in its kind. As it is, it is at leaft fix times 
ilronger 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 
ence ^ie 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 truls-beam a b fhould have 
been inferted (in a fubordinate manner) between the 
king-pofts next the crown on each fide. This would 
prevent the crown from rifing while the haunches only 
are loaded, without impairing the fine abutments off d, 
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- 
tlered 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 muft 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 
imd 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 or to -£) load of 350 
tons. The ftrut beams are 17 by 14 inches in icant- 
ling. The king pofts 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 moft 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 conflrufted, and would be much 
flronger than this, becaufe its horizontal thruft at the 
crown would be vaftly 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 
ftiffnefs of his framing depended on the tranfverfe ftrength 
of the beams ; and therefore he was careful not to weak- 
en them by the bolts. But notwithftanding all his care-, 
the framing funk upwards of 1 3 inches before the key- 
ftones were laid ; and during the progrefs of the work, 
the crown rofe and funk, by various fteps, 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—-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 keyftone 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 
ftiffnefs in the frame. But thefe joints clofed again 
when the centres were ftruck, as will be mentioned af- 
terwards. 

We have taken particular notice of the movements 
and twilling of this centre, becaufe we think that they 
indicate a deficiency, not only of ftiffnefs, 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 fall. 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-pofts Ihould 
have been farther apart near the crown, fo that the 
quantity of arch between them ftiould compenfate for 
its diminifhed curvature. 

The power of withftanding any given inequality of 
load would therefore have been greater, had the centre 
confifted of fewer pieces, and their angles of meeting 
been proportionally more acute. The greateft 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 reft with a 
longer king-poft, and thus to have made the diftances 
of the beams on the king-pofts 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 too feet fpan, and rifes 30, and 
the arch-ftones are 6 feet long. It is the conftru&km 
of Mr Hupeau, the firft architeft of the bridge. It is 
the boldeft work of the kind that we have feen, and is 
conftrutted on clear principles. The main abutments 
are few in number. Becaufe the beams of the outer 
polygon are long, they are very well fupported by 
ftraining beams in the middle ; and the ftruts or braces 
which fupport and butt on them, are made to reft 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 edmpreflion, 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 ftate of compreffion (this is 
very poflible) ; but the fmalleft fagging of the frame 
will change the proportions of the preffures at the an- 
gles of the two polygons. 'jThe preffures on the exte- 
rior angles will increafe,'and thofe on the lower or in- 
terior angles will diminilh moft 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 preffure from 
 the braces which fupport the middle of the long bear- 

ings of the upper beams, and their preffures mull be 
borne chiefly by the joints fupported by the king-polls. 
The king-polls would then be in a Hate of extenfion. 
It is difficult, however, to decide w'hat is the precile 
Hate of the preffure at thefe interior angles. 

Inftrudive The hillory of the ere&ion of this bridge will throw 
hiftory of much light on this point, and is very intlruflive. Mr 
this centre pjUpeau died before any of the arches were carried far- 

ther than a very few of the firll courfes. Mr Perronet 
fucceeded to the charge, and finilhed the bridge. As 
the work advanced, the crown of the frame rofe very 
much. It was loaded ; and it funk as remarkably. 
This ffiewed 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 llrong. 
It is evident that the trufs is now changed exceedingly, 
and conlills of only the two long fides, and the Ihort 
ftraining beam lying horizontally between their heads. 
The whole centering confifts now of one great trufs 
a'E.eby and its long fides a E, e £, are trufled up at B 
and f. Had this fimple idea been made the principle 
of the conftruftion, it would have been excellent. The 
angle a DE might have been about 176°, and the po- 
lygon D r A ^ 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 poll E c, was about to draw loofe, and he 
was obliged to bolt long pieces of timber on each fide 
of the joi»t, embracing both beams. Thefe were evi- 
dently ailing the fame part as iron ftraps would have 
done ; a complete proof that, whatever may have been 
the original prefluresj there was no abutment now at 
the point r, and that the beams that met there were 
not in a ftate of compreffion, but were on the flretch. 
Mr Perronet fays that he put thefe cheeks to the joints 
toJtijftn them. But this was not their office ; becaufe 
the adjoining beams were not llruts, but ties, as we have 
now proved. 

We may therefore conclude, that the outer polygon, 
with the affiilance of the pieces ab, DE, were carrying 
the whole load. We do not know the diftance 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 ab are not loaded to one-fixth 
of their ftrength. 

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- 
ti(l 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-pofts, it would 
have maintained its fliape completely. The fervice done 
by the beam DE was not fo much an increafe of abut- 
ment as a difcharge of the weight and of the pull at the 
joint c. Therefore, in cafes where the feet of the trufs 
are neceffarily confined to a very narrow fpace, we fliould 
be careful to make the upper polygon fufricient to carry 
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the whole load (fay by doubling its beams), and we Center, 
may then make the lower polygon of {lender ditnen- " v 

fions, provided we fecure the joints on the king-ports 
by iron ftraps which embrace a confiderable portion of 
the tie on each fide of the joint. jj 

We are far from thinking that thefe centres are of All tbtfe 
the bell kind that could be employed in their fituation ;cent|e.^ 
but they are excellent in their kind: and a careful kind, 
ftudy of them will teach the artift much of his profef- 
fion. When we have a clear conception of the ftate 
of ilrain in which the parts of a frame really are, we 
know what fhould be done in order to draw all the ad- 
vantage pofiible from our materials. We have faid in 
another place, that where we can give our joints fuffi- 
cient connexion (as by ftraps and bolts, or by cheeks 
or fifties), it is better to ufe ties than ftruts, becaufe 
ties never bend. 

We do not approve of Mr Perronet’s pra&ice of gi- 
ving his trufles fuch narrow feet. By bringing the foot 
of the lower polygon farther down, we greatly diminifh 
all the ftrains, 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- 
fe6t a great fpan, to (hew the wonders of his art ; but 
our objedl is to teach how to make the beft centre of a 
given quantity of materials; and how to make the moll 
perfedl centre, when we are not limited in this refpedl, 
nor in the extent of our fixed points. *3 , 

We fliall conclude this ferits of examples with one Excellence 
where no fuch affedlation takes place. This is the cen-0^ the c^n" 
tering of the bridge at Blackfriars, London. The fpan ^ 
of the arch is 100 feet, and its height from the fpringBIackiriars 
is about 43. The drawing fig. 8. is fufficiently minuteh^g^ 
to convey a diftintt notion of the whole conllrudlion. 
We need not be very particular in our obfervationa, af- 
ter what has been faid on the general principles of con- 
ftru&ion. The leading maxim, in the prefent example, 
feems to be, that every part of the arch jhall be fupported 
by a fmple trufs of two legs rejling, one on each pier. 
H, H, &c. are called apron pieces, to ftrengthen the 
exterior joints and to make the ring as ftitf 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 
fecured by the double king-pofts, which grafp them 
firmly between them, and are held together by bolts. 
At other interfe&ions, the beams appear halved into 
each other; a practice which cannot but weaken them 
much, and would endanger their breaking by crofs 
ftrains, if it were poffible for the frame to change its 
fhape. But the great breadth of this frame is an ef- 
fectual ftop to any fuch change. The fadt was, that 
no finking or twifling whatever was obferved during the 
progrefs of the mafon work. Three points in a ftraight 
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-ftones, did not amount to one inch. 

The centre employs about one-third more timber 
than Perronet’s 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 or making a comparifon of the df- 
menfions, Mr Mylne’s arch employs more timber ; but 

C c it 
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Center, it is leyond all comparifon ftronger. The gfeat elevation a proper form. 

^ ' t_" is partly the reafon of this. But the difpoiition 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 xtrong fupport where it is 
molt 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 mud firft make fome obfervacions on the condi- 
tion of an arch, as it reds on the centering after the 
keydones are all fet, and on the gradual transference 
of the preffure from the boards of the centering to the 
joints of the archdones. 

*4 While all the archdones lie on the centering, the 

tions'on'the ^ower courfes are alfo leaning pretty drongly on each 
ftare of an other. But the mortar is liardly compreffed 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. piape t},at js perfe£lly equilibrated : When the center- 

fng is gradually withdrawn, all the archdones follow it. 
Their wedge-like form makes this impoffible, without 
the middle ones fqueezing the lateral ones afide. This 
compredes the mortar between them. As the dones 
thus come nearer to each other, thofe near the crown 
mud defcend more than thofe near the haunches, be- 
fore every done has ledened its didance from the next 
by the fame quantity ; for example, by the hundredth 
part of an inch. This circumdance alone mud caufe a 
finking in the crown, and a change of diape. But the 
joints near the crown are already more open than thofe 
near the haunches. This produces a dill greater change 
of form before all is fettled. Some mafons endeavour 
to remedy, or at lead to diminidx, this, by udng no 
mortar in the joints near the crown. They lay the 
dones dry, and even force them together by wedges 
and blocks laid between the dones on oppodte ddes of 
the crown : They afterwards pour in fine cement. This 
appears a good pradice. Perronet rejeds it, becaufe 
the wedging fometimes breaks the dones. We dxould 
not think this any great harm ; becaufe the fradure 
will make them clofe where they would otherwife lie 
hollow. But, after all our care, there is dill a finking 
of the crown of the arch. By gradually withdrawing 
the centering, the joints clofe, the archdones 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 lowed that formerly preffed 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, 

iS 
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This is a very delicate taflc, 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 fird 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 finks 
there, and rifes up at the haunches. This opens ail the 
joints in that place on the upper fide. By the time that 
the keydones 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 lad 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 belovu. 

In this condition of things, it is a delicate bufmefs tobufinefs to 
drike the centering. Were it removed in an inffant, allftrikethe 
would probably come down ; for the archdones are not centcr“1S, 

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- 
done. 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 dopped 
by the abutment which it found on the archdones near 
the crown, which were dill reding on their blocks. 
During part of this procefs, the open joints opened dill 
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 dill moi-e, by forcing 
out the arch dones 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- 
dones nearer the crown. He then proceeded more 
flowly, dedroying the blocks and bridgings of thefe up- 
per archdones. As foon as he dedroyed 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. 

by its ow7i retiring from it, but the arch alfo quits the But in proceeding thus, he found eveiy done fink a 
ibe. If the centering were little while it clofed on its neighbour; and this was like centering by changing itsjhape. It the centering 

now pufhed up again, it would touch the arch fird at 
the crown ; and it mud lift up that part gradually be- 
fore it come again in contact 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 

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, danding on their ends, between 
the centering and the archdones. 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- 

i»g 
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Center, ,*ng in this wav, he advanced to the very next courfe to 
 1 the key Hone on each fide, the joints clofing 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 agaifi below ; but this job was finished in one 
day, and the centre fprung 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 mat ter. It was hard to fay where 
it would flop. He had the pleafum to fee that it flop- 
ped very foon, fettling ffowly as the mortar was com- 
prefled, and after one or two days fettling no more. 
This fettling was very confiderable both in the bridge 
at Neuilly and in that at Mantz. 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 i4r when the little ftandards were 
deflroyed, and 1^ more next day; fo that the whole fink- 
ing of the pendulous arch was p-y inches, befides what it 
had funk by the bending and compreflion 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 fliape was confiderably changed, and 
about 60 feet of it formed an arch of a circle whofe 
radius was 244. feet. Hence Mr Perronet infeis, that 
a femicircle of 500 feet fpan may be eredted. It would 
no doubt be ftronger than this arch, becaufe its greater 
horizontal thruft would keep the ftones 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 20j- inches, of which 12 inches were 
owing to the compreflion and bending of the center- 

a6 big* . . 
i The fore- In fig. 5. n° I. may be obferved an indication of this 
going ob- procedure of the mafonry. There may be noticed a 
fervati jns horizontal line a c, and a diagonal a b. Thcfe are fup- 

fied. ^ pofed to be drawn on the mafonry as it would have 
flood had the frames not yielded during the building. 
The dotted line A£' c‘ fliews the fliape which it took 
by the finking of the centering. Phe 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 fliews the form which the dotted line took by 
the ftriking 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 fliews very diftindfly the movement of the whole 
mafonry, diflinguifhing 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 ftupendous arch 
very inftrudlive and ufeful. As Mr Perronet obferved 
it to be uniformly the fame in feveral very large arches 
which he erefted, we may conclude that it is the gene- 
ral procefs of nature. Wb 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 erefted 
very great arches, and in very difficult fituations, which 
have given univerfal fatisfadion ; and we have found 
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them uniformly of opinion, that an arch which has fet- Ccnter 

tied to fuch a proportion of its curvature as to change—v-"—*' 
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 keyftones, which have 
fcarcely any wedge-like form to keep them from Aiding 
down. This is very good reafoning, and exprefies very 
familiar notions. The mechanician would fay, that the 
horizontal thruft at the crown is too fmall. When we 
queflioned 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 ticklifti indeed in the execution. The cafes which 
he narrates were new to them. They fliould have al- 
moft defpaired of fuccefs with arches which had gone fo 
much out of fliape by the bending of the centres ; be- 
caufe, faid they, the flope of the centering, to a great 
diftance from the crown, was fo little, that the arch- 
ftones could not Aide outwards along it, to clofe even 
the under fide of the joints which had opened above 
the haunches ; fo that all the archftones were at too 
great a diflance from each other; and a great and^ne- 
ral fubfiding of the whole was necefiary 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 trufles into fuch narrow fpaces. They ob- 
ferved, that nothing but lighters with their mafts down 
can pafs under the trufles, and that the lides muft be fo 
protedled by advanced works from the accidental fnock 
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 condudting 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 paflage through every arch in- 
difpenfably neceflary. Nor was the inconvenience of 
this obflrudlion greatly complained of during the erec- 
tion of Weftminfler or Blackfriars bridges. Nothing 
fliould 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. 

Thefe 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 
bale of the trufles permitted a much more effe&ive dif- 
pofition of the abutting timbers, and alfo enabled the 
engineer to make it incomparably ftiffer ; 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„eL^j^n“ 
or gypfum. We confider it as confining chiefly, if not that is 
folely, in a cryftallization of the lime or gypfum and formed 
water. As much water is taken up as is neceflary for hJ]ynortar 

the formation of the cryftals during their gradual con-^cc-
imc’ 

verfion into mild calcareous earth or alabafter, and the 
reft evaporates. When the free accefs of air is abfo- 

C c a lately 
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Center, lately prevented, the cryftallization never proceeds to 

‘"'“''v   that ftate, even although the mortar becomes extremely 
dry and hard. We had an opportunity of obferving 
this accidentally, when paffing through Maeftricht in 
1770, while they were cutting up a maffy 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 
vifed 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 firft cryftallization, and is allowed to remain 
in perfect reft, we are confident that the fubfequent cry- 
flals, 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 cryftallizatibn that we are ac- 

28 quainted with ? 
Neceflity of We think therefore that it is of great confequence 
keeping theto the j0ints fn t}ieir ftate if pofiible ; and 

thfhfirft that the length (as far as it depends on the mortar) 
ftate, 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, a£t- 
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 pufti 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 procefs tended very efFe&ually to clofe the 
joints. It doing this, the forces which he brouglt in- 
to aftion 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 ftones. This is an important remark, 
though feemingly very trifling ; and we wifh 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 dofes.—Prefs a little harder, and the arch will 
bend more, and the next joint will open.—Thus you 
will find that, by preffing 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 (hews 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 dofed, but no more than Center. 
clofed, and are hanging only by the edges by which they ' " 
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 eredtion) the arches at Neuilly had funk very 
fenfibly, and that very large fplinters had flewn off in ^ 
feveral places. It-.could not be otherwife. The origi- Mr Perro- 
nal conftruftion was too bold ; we may fay needlefsly net’s con- 
and oftentatioufly bold. A very gentle flope of the ^ 
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 pleafing to the eye. Indeed, it is far 
from being as handfome as it might have been. The 
ellipfe is a moft pleafing figure to every beholder ; but 
this is concealed as much as poflible, and it is attempt- 
ed to give the whole the appearance of a tremendous 
lintel. It has the opprefiive look of danger. It will 
not be of long duration. The bridge at Mantz is ftill 
more exceptionable, becaufe its piers are tall and flender. 
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-^rllcinS t^ie 

cond of the remainder ; after this, every fecond of the 
remainder ; and fo on, till all are removed. This is ne- 
ver pradftifed 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 architedls 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 
pillars, but on pieces of timber formed like acute wedges, mon me. 
placed in pairs, one above the other, and having the thod in 
point of the one on che thick end of the other. Thefe 
wedges were well foaped and rubbed with black lead, to 
make them flippery. When the centres are to be ftruck, 
men are ftationed at each pair of the wedges with heavy 
malls. They are direfted to ftrike 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 flackened. 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 ftand after the reft have been flackened. By. 
this procefs, the whole, comes down gradually, and as 
flowly as we pleafe, and the defeats of every part of the 
arch may be attended to. Indeed the caution and mo- 
deration of our builders have commonly been fuch, that 

few 
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are but little acquainted with joints opening to the ex- 
tent of two inches, and in fuch a cafe would probably 
lift every done of the arch again (b). We have not 
employed truffed centerings fo much perhaps as we 
ihould have done ; nor do-we fee their advantage (fpeak- 
ing as mere builders) over centres fupported all over, 
and unchangeable in their form. Such centres mu t 
bend a little, and require loading on the middle to keep 
them in fhape. Their compreffion and their elailicity, 
are very troublefome in the linking of the centres in 
Mr Perronet’s manner. The elafticity is indeed of ufe 
when the centres are ftruck 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 
conflruftion. We proceed therefore to complete our 
defcription. 
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We his expectation on what he faw in the launching of great Center, 

fhips, which Aide very eafdy on a flope of i o or 12 de-—vr*" 
grees. He rather feared, that taking out the block 
behind would allow the wedge to be pufhed back at 
once, fo that the defcent of the trufs 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 dimple in its ftrudture, more powerful in its 
operation, or more eafy in its management. Accord- 
ingly the fuccefs was to his wilh. The wedge did not 
flip back of itfelf; and very moderate blows of the ram 
drove it back with the greatefl eafe. The whole ope- 
ration was over in a very few minutes. The fpettators 
had fufpe&ed, that the fpace allowed for the recefs of 
the wedge was not fufficient for the fettlement of the 

liu UlUI-JV Wi iUVJUV. .     - iJ. / 
?ht were rmidually more and more oblique, till the outer 
Mylne’s1 ^ne formed an obtufe angle with the lowed ride °* 1 e 

method. interior polygon of the trufs. On the top of t eie pol s 
was laid a doping seat or beam D of Axmt oak, the up- 
per part of which was formed like a zig-zag fcarhng 

Thfiradual enlargement of the bafe of the piers of arch ; but the architea trufted to the precautions he 
Blackfrfars bridge enfbled the architea to place a feries had taken m its conftrua.on. The reader, by turning 
rc a r r r r one on each flap of the pier; to the article Arch in this Supplement, will fee that 

the in^enious’contextuJe of which made it like one fo- there was only the arch LY which could be expefted 
lid block of ilone (fee Arch, Supplement). Thefe ifruts ,, -i   4-1II thp rmtpr 

there was only the arch LY which could be expedfed 
to fettle : accordingly, the recefs of the wedge was 
found to be much more than was neceflary. However, 
bad 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 ■npr ■nart OI which was tormea ll-K-C a AAg-iag v . . J 

The polls were not perpendicular to the under fide of well affined that none of the arches funk an mch and a 
the feat The angles next the pier were fomewhat ob- half. The great arch of ,oo feet fpan d>d not fink one 
tufe Short pieces of wood were placed between the inch at the crown. It could hardly be perceived whe- 
beads 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 coppers 
The feet of the trufs were mortifed into a iimilar 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 

ther the arch quitted the centering gradually or not, fo 
fmall had been the changes of fliape. 33 

We have no hefitation in faying, that (if we except The greats 
fome walle of great timber by uncommon joggling) the 
whole of this performance is the moll perfedl of any ®er^ng 1 
that has come to our knowledge. We doubt not but^y 
that feveral have equalled it, or may have - excelled it ; 
hut we do not know of them : and we think that the tween thele two lay tne striking wr.Aruts . r . r , r . 1 r r • 

of which correfponded exadlly with the flant faces of bringing forward fuch performances is no lefs fervice- : . r, rrv,  r. siKlf* t n t he nubhc. than it is honourable to the in ventor. 
the feat and the foie. The wedge was fo placed, that 
the correfponding faces touched each other lor 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 hack during the laying the arch-llones. Its 
outer end E was bound with iron, and had an iron boit 
feveral inches long driven into it. The head of this 
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 

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 archited from com- 
municating to the public fuch honourable fpecimens of 
his own talents. We (hould be happy to communicate 
more of this kind ; for we confider it as a very import- 
ant article of praftical mechanics, and think that it is 
of confequence to the nation that it Ihould be very ge- 
nerally underftood. In every corner of the country 
bridges ^are to be built—we have everywhere good ma- 

the ufe of this wedge. It is to be driven in between fom, who are fully able to execute any praaicable pro- 
the foie and the feat (having firlt taken out the block jeft, but too little acquainted with principle to invent, 
It 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 cumllances, 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 
driven back ’ Mr Mylne did not think To, founding , the drains which are exeked. We profefs more fcience, and - 

(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 lhape mentioned by Mr Perronet. 
The arch of Dublin bridge, built by an excellent, hut a very private, mafon, Mr Steeven, is 105 feet wide, with 
only 22 feet of rife. It was ereded (but not on a truffed centering) without changing one full inch in its ele- 
vation ; and when the centering was removed, it funk only l|th inches, and about half an inch mere when the 
parapets were added and the bridge completely finilhed. 
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and to treat the fubjeft with the affiflance of accurate 

Y’~ principles : But while we are certain that every cir- 
cumftance is fufceptible of the jnoft accurate determi- 
nation, we mull acknowledge that we have by no means 
attained an accurate knowledge of all the ft rains which 
are produced and excited in a frame-of carpentry, which 
is fettling and changing its ftiape, even though it be not 
very complicated ; Far lefs are wre pofleffed of a clear 
view of w hat happens in a mafs of maionry in fimilar 
conditions. Therefore, though w'e ipeak 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 
higheft favour ; and we even folicit them, with afturan- 
ces of thanks, and that we will take fome opportunity, 
before the clofe of this work, to acknowledge and cor- 
re<St our miftakes. We even prefume to hope, that the 
liberal-minded artift will be pleafed with this opportu- 
nity wdiich we give him of increafing the national ftock 
of knowledge. Let mutual jealoufy and rivallhip reign 
in the breafts, and prompt the exertions, of our reftlefs 
neighbours on the continent—let them think that the 
dignity of man confifts in perpetual warfare, in which 
every individual feels himfelf indebted only to hfmfelf, 
freed from all the fweet ties of domeftic 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 afiiftance, mu- 
tual co-operation, mutual attachment, and a patriotic 
preference of their countrymen to all other men. While 
thefe fentiments are regulated by unfhaken honefty, by 
candour, and by Chriltian charity, we fliall be fecureri 
from the errors of partial attachments, and yet enjoy all 
the pleafures of unfophifticated nature. Families wull 
ftill be bound together by the affectionate ties of blood; 
and the whole frame of Britilh fociety will be in har- 
mony with the bonds which conned the members of 
each family, by their endlefs croflings and intermixings. 
In this ftate, the ftate of focial nature, the man of ta- 
lents will -not lock up all the fruits of his exertions in 
his own breaft, but will feel a pleafure in imparting 
them to a fociety that is dear to him, and on which he 
depends for all his bell 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 difcharge of his own little circle of duties. This is 
all that is required of true patriotifm ; and it is not too 
much to be expefted 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 affured) is now meditating 
a plan which muft be highly gratifying to every emi- 
nent profeffor of the arts. 

Thelhb- The fubjeft which we have been confidering is very 
jedl of this clofely connected with the conftru&ion of wooden 
article con-bridges. Thefe are not always conftruded on the foie 
neCled withprmCiples of equilibrium, by means of mutual abutment. 

flruddon of^1^ are ^rames carpentry, where, by a proper 
wooden difpofition, beams are put into a ftate of extenfion, as 
bridges. well as of compreflion, fo as to ftand 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 

of thefe together, and fet them in abutment with each Center, 
other like mighty arch-ftones. We fhall clofe this ar- 
tide, therefore, with two or three fpecimens of wooden 
bridges, difpofed in a feries of progreflive compolition, 
fo as to ferve as a fort of introduction to the art in ge- 
neral, and furnifh a principle which will enable the in- 
telhgent and cautious artift to pufli 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 Plate 
this is too wide for the ftrength of the fize of timber ^ 
which is at our command ; how may this beam AB be 
fupported with fufficient effeft ? There are but two 
ways in which the middle point C (where the greateft 
ftrain is) can be fupported : 1. It may be fufpended by 
two ropes, iron rods, or wooden ties, DC, EC, made 
faft to two firm points, D, E, above it ; or it may reft on 
the ridge of two rafters dC, eC, which reft on two firm 
points d, e, below it 2. It may be fupported by con- 
neding it with a point fo fupported ; and this connec- 
tion may be formed, either by fufpending it from this 
point, or by a poft refting on it. Thus it may hang, 
by means of a rod or a king-poft FC, from the ridge F 
of two rafters AF, BE ; or it may reft on the ftrut C/i 
whofe lower extremity f is carried by the ropes, rods, 
or wooden ties Af,~Bf. 

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 dQe, or the equivalent angles 
AFB, or A/B, more acute. 

Each of thefe methods may be fuppofed equally 
ftrong. Our choice will depend chiefly on the facility 
of finding the proper points of fupport D, YL, d, e \ ex- 
cept in the fecond cafe, where we require no fixed points 35 
but A and B. The fimple forms of the firft cafe re-Theufua! 
quire a great extent of figure. Very rarely can we fuf-andfimpiefi 
pend it from points fituated as D and E. It is even 
feldom that we have depth enough of bank to allow the jnj, fuc}l 
fupport of the rafters dC, eC •, but we can always find bridges, 
room for the fimple trufs AFB. This therefore is the 
moft ufually pradifed. 

In the conftrudion, we muft follow the maxims and 
diredions preferibed in the article Carpentry of this 
volume, and the article Roof of the Encycl. The beams 
FA, FB muft be mortifed into AB, in the firmeft man- 
ner, and there fecured with ftraps and bolts ; and the 
middle muft hang by a ftrap attached to the king-poft 
FC, or to the iron rod that is ufed fora king-poft. No 
mortifing in the point C muft 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 beft pradice is not to fufpend the beam immedi- 
ately by this ftrap, but to let it reft, as in fig. it), on a 
beam C, which croffes 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-poft has no 
effed on the fupport of C. We may therefore con- 
trad every thing, and preferve the fame ftrength of fup- 
port, by finding two points a and b (fig. 1 1.) in the 
banks, at a moderate diftance below A and B, and fet- 
ting up the rafters aY, £ F, and fufpending C from the 
fhortened king-poft. In this conftrudion, when the 
beam AB refts on a crofs bearer, as is drawn here, the 

itruts 
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Center, ftruta «»F, i F are kept clear of it. No conneftion be- five feet wide, 

tween them is neceflary, and it may be hurtful, by in- 
ducing crofs {trains on both. It will, however, greatly 
increafe the ftiffnefs of the whole. This, conftrmftion 
may fafely be loaded with ten times the weight that AB 

, can carry alone. . , „ . 
An im- Suppofe this done, and that the fcantlmg of AB is 
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 wdiole will form a hand- 
fome bridge, of the fimpleft conftru&ion pofilble. 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 in this form we difluade 
from allowing any conneftion with the middle points 
of the main braces. This conllruftion alio may be fol- 
lowed till each beam AC and CB is loaded to ten 
times wrhat it can fafely bear wnthout the fecondary 
truffing. _ 

There is another way by w'hich a bridge of one beam 
may be fupported beyond the power of the firft an 
fimpleil conitruftion.^ This is reprefented in fig. 14. 
and fig. iy. The trufs beam FG Ihould occupy one- 
third of AB. The advantage of this conftruftion is 
very eonfiderable. 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 puftied ftill farther, as in fig. 

Thefe me- And all thefe methods may be combined, by joining 
thods com- conftruftions of fig. 14* *5• ^ia*- °f 

°In all of them there is much room for the difplay of 
/kill, in the proper adjuftment of the fcantling of the 
timber, and the obliquity of the braces to the lengths 
of the different bearings. A very oblique ftrut, or a 
fiender 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 preffures. Nothing will improve the 
compofition fo much as reflefting progre{lively,, and in 
the order of thefe examples, on the whole. This alone 
can preferve the great principle in its fimplicity and full 
energy. 

Thefe conftruftions are the elements of all that can 
ments ofall^g jone Jn the art ()f building wooden bridges, and are 
that can be b f p more or lefs obvioufiy and diftinftly in all 
done in this r • 1 • j ver   tW rr 
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art. ‘attempts of this kind. We may affert, that the more 
obvioufly they appear, the more perfeft the bridge will 
be. It is aftonifhing to what extent the principle may 
be carried. We have feen a bridge of 42 feet ipan 
formed of two oak truffes, the biggeft timber of which 
did not exceed fix inches fquare, bearing with perfeft 
fteadinefs and fafety a waggon loaded with more than 
two tons, drawn by four ftout horfes. It was ftamed 
as fig. 16. nearly, with the addition of the dotted lines, 
and was near thirty years old ; protefted, however, from 
the weather by a wooden roof, as many bridges in Ger- 
many are. 

We recolleft another in the neighbourhood of Stet- 
tin, whichTeemed conftrufted with great judgment and 
fpirit. It had a carrriage toad in the middle about 20 
feet (we think) wide, and on each fide a foot-way about 

C E N 
The fpan was not lefs than 60 feet, and Center, 

the greateft fcantling did not appear to exceed 10 
inches by 6. 

This bridge confifted of four truftes, twro 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 conftruftion 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 trufled, as in fig. 17* 

The reader will find in that volume of Leopold s 
Theatrum Machinarum^ which he calls 'Thecitrum Poniifi- 
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 refleft- 
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- 
ea as models of conftruftion, but as elementary examples 
and lefibns, for leading the reader fyftematically into a 
thorough conception of the fubjeft. . . 

We cannot quit the fubjeft without taking notice of A wonder, 
a very wonderful bridge at Wittengen in Switzerland, julhndge 
{lightly deferibed by Mr Coxe [Travels, vol. I. 2>) {"nd 
It is of a conftruftion more Ample' ftill than the bridges 
we have been deferibing. The fpan is 230 feet, and it 
rifes only 23. The {ketch (fig- 18.) will make it fuffi- 
ciently intelligible. ABC is one of two great arches, 
approaching to a catenarian fliape, 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 acroJs 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, fimply 
built up, by laying the pieces upon each other, taking 
care to make the abutting joints as clofe as poffible. 
They are not fattened 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 fattened by 
bolts and keys. 

Thefe two arches having been erefted (by the help, 
v/e 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 ab c interfefts them 
about the middle of their height. The roadway is fup- 
ported by crofs joifts, which reft on a long horizontal 
fummer bearm This is connefted with the arches on 
each fide by uprights bolted into them. The whole is 
covered with a roof, which projefts over the arches on 
each fide to defend them from the weather. Three of 
the fpaces between thefe uprights have Units or braces, 
which give the upper work a fort of truffing in that 
part. 

This conftruftion is fimple 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. e(^ independent of the reft. It was the laft work of one 

*«."■ 'v Ulrich Grubenhamm of TufFen, in the canton of Ap- 
penzel, a carpenter without education, but celebrated 
for ft veral works of the fame kind ; particularly the 
bridge over the Rhine at Schafhaufen, conlifting of two 
arches, one of 172 and the other of 193 feet fpan, both 
rolling on a finall rock near the middle of the river. 

While writing this article, we got an account of a 
wooden bridge, erefted in North America, in which 
tin’s fimple notion of Grubenhamm’s is mightily impro- 
ved. The fpan of the arch was faid to exceed 250 
feet, and its rife exceedingly fmall. The defcription 
we got is very general, but fufficient, we think, to make 

4I it perfectly intelligible. 
Another In fig. 19. DD, EE, FF, are fuppofed to be three 
m North beams of the arch. They confift of logs of timber of 
Amerua. fma][ lengtTSj fuppofe of to 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, 
confifting 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, &c. 

The manner of joining and ftrongly binding the two 
fide pieces of each beam is fhewn in fig. 20. The 
mortife ai c b and dtio, which is cut in each half beam, 
is confiderably longer on the outiide than on the infide, 
where the two mortifies meet. Two keys, BB and 
CC, are formed, each with a notch b c d, ox a i 0, on its 
fide ; which notch fits one end of the mortife. The in- 
ner fide of the key is ftraight, but fio 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 (pace juft mentioned, is 
put into it and driven hard. It is evident that this mull 
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 firft place, it may be employ- 
ed fo as to produce a very ftrong lateral connexion, 
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 
effedt. 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 AA 
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. In this refpeft, therefore, it is not fo pro- 
per as the forms deferibed in Carpentry. 

In order that the method now deferibed may have 
the effedt 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 exadlly. 
The prominent angle aio (fig. 21.), formed by the 
ends of the two half mortifies, muft be made a little 
more obtufe than the angle af 0 oi the notch of the 
key which this prominence is intended to fill up. More- 
over, the oppofite fide e# of this key ftiould 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 af 0 to take hold, firft at the Center. 
two points a and 0, and then, by continuing to drive v—» 
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 compreflion of the key and the beam fqueezes 
all together, and the fpace afo i is completely filled up. 
We may fee, from this procefs, that the mutual com- 
preflion and drawing together of the timber will be 
greater in proportion as we make the angle ui 0 more 
prominent, and its correfponding angle afo more deep ; 
always taking care that the key lhall 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 exactly before driving the wedge, and that 
the whole fhrinks 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 compreflure will be at an end. 

We 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 fhewn how each beam is pieced together, we 
muft now fhew 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 mortifies 
worked out of their inner fides, half out of each half 
of the beam. The ends of the mortifies are formed in 
the fame way with thofie 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 Inay 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 confifted of feveral parallel 
arches of beams. The inventor (we think that his name 
is Bludget) faid that he found the (Length fo great, 
that he could with perfedl confidence make one of four 
times the fpan. 

We admire the ingenuity of this conftru&ion, and 
think it very effeftual 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 conftruftion, 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 leaft equal to any conftruc- 
tion that has yet been thought of. One advantage it 
poffeffes that is very precious : Any piece that fails 
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Center, rnay be taken out, and replaced by another, without 

v~" difturbing the reft, and without the fmalleft rifle. On 
the whole, we think it a very valuable addition to Bri- 
tifti carpentry. The method here pradtifed, both for 
joining the parts of one beam and for framing the dif- 
ferent beams together, fuggefts the moft: firm and light 
conftrudtions for dome-roofs that can be conceived ; 
incomparably fuperior to any that have yet been eredt- 
ed. The whole may be framed, without a nail or a 
fpike, into one net-like (hell that cannot even be pulled 
in pieces. We may perhaps confider this in another ar- 
ticle ; at prefent we return to the confideration of trufT- 
ed bridges. 

Bridges When the width of the river exceeds what is thought 
combined pradticable by a fingle trufs, we muft then combine, 
by fimple either by fimple addition, or by compofition, different 
addition or j.ru^-es together. We compofe a bridge by fimple ad- 

fiuon.mP° 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', unconnefted with the 
frame C, is mortifed into the upright r r of that frame, 
the direftion and intenfity of the mutual preffures 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 refle&ion, and fometimes very minute reflec- 
tion, to diftinguifh between a conftruftion which is only 
an addition of frame to frame till the width be covered, 
from a conftrudfion where one frame works on the ad- 
joining one tranfverfely, pufhing it in one part, and 

Howto dif-drawing it in another. The ready way for an unletter- 
tinguifh ed artift to form a juft notion of this point, is to exa- 
bridges mine whether he may faw through the connecting piece 

cofdirf ^ ^ from one end to the other, and make them two 
thefe diffe- feparate frames. Whenever this cannot be done with- 
ront me- out that part opening, it is a conftruftion by compofi- 

tion. Some of the beams are on the ftretch ; and iron 
ftraps, 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 
neceflary 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 diftinguiftiing 
principle of carpentry, by which the 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 
ihould confift 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- 

S.uppl. Vol. I. Part I. 

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 connexions and dependencies, which di- 
vide the attention, increafe the complication, and com- 
monly produce unexpected and hurtful (trains. 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, confiding of two 
layers of beams (if one is not fufficient), contains the 
whole abutments, and the other A 3 r r/r F is nothing 
but an iron rod. In this conftruCtion, the obtufenefs 
of the angles of the lower polygon is rather an advan- 
tage. The braces G c, 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 ri(k ^ 
of change. The reader muft perceive that we have The bed 
now terminated in the conftruftiou of the Norman roof, general 
We indeed think it the beft general form, when fome^™d°^a 

moderate declivity is not an infuperable objection. When i,ridge, 
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) confift of four 
truffes ; two to ferve as the outfides of the bridge, and 
two inner truffes, feparating the carriage-way from the 
foot-paths. The road ftiould follow the courfe of the 
lower polygon, and the main trufs (hould form the rails. 
It might look ftrange ; but we are here fpeaking of 
ftrength; and evident, but not unwieldy, ftrength, once 
it becomes familiar, is the fureft 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 
deftroyed 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 Cfcillation, is that point in the axis or line 
of fufpeniion 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 ifochronal 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 preffure, it will juft fuftain it, fo 
as that the body preffed on will not incline to either 
fide.—This is the fame as the centre of percuffion, fup- 
pofing the axis of motion to be at the interfeCtion of 
this plane with the furface of the fluid ; and the centre 

H d of 
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Centroba. of preffure upon a plane parallel to the horizon, or upon 

rico any plane where the preffure is uniform, is the fame as 
Chamber- the centre of gravity of that plane. . ' ^ I CENTROBARICO, the fame as centre of gravity. 

CENTRO BARIC 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£t 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 fubfiance 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 thefe, a fufficient account has 
been given in the Encyclopaedia (fee Ceruse, and the 
fame word Ch emistry-/«^jc 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 lord (hip directs common lead to be reduced to a 
calx, but not too fine, and to have a proportion of five- 
fixth parts thereof, intimately mixed with muriat, or 
folution of potafs. In this ftate, he direfts it to be 
frequently ftirred, in order to have the new furfaces of 
the mixture expofed to the carbonic acid of atmofpheric 
air ; as his lordfhip obferves, that the effe&s of the car- 
bonic acid on the alkali exifting in the prefent ftate of 
the mixture is effentially neceffary, in order to efieft 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 lordftiip 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- 
te&, 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 borrf, and, at eighteen years oi age, appointed 
fupercargo to the Swedifh Eaft India company. From a 
voyage which he made to China, he brought home the 
Afiatic ftyle of ornament, in tents, temples, mofques, 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 falhionable 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 
are his ftaircafes, particularly thofe at LordBelborough’s, 

Lord Gower’s, and the Royal and Antiquarian Socie- Chamferj 
ties. The terrace behind Somerfet-houfe is a bold ef- 
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 conftitutkm 
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 lading in the works which he has 
left ; and as he was equally Billed in the theory and 
pra&ice of the arts which he profefled, 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 Swedilh order of the Polar 
Star. 

CHAMFER, or Chamferet, an ornament in ar- 
chitedfure, confiding of half a feotia ; being a kind jaf 
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 pradlicable is at leaft intitled to no- 
tice. Accordingly, irr the Eruyclopadia Britannic a, un- 
der the word Character, a fliort account is given of 
the principal plans of univerfal characters which had 
then fallen under our obfervation ; but fince that article 
was publiftied, 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 
Northman, 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 01 
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 <u>ord in the various languages upon earth, 
an univerfal charadfter 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 fchoolboy has this difficulty 
to encounter as often as he conllrues Terence. 

Such then was Mr Northmore’s original plan : but he 
foon perceived that it was capable of confiderable im- 
provement ; for, inftead of ufing a figure for every word, 
it will be neceflary to apply one only to every ufeful 
word ; and we all know how few words are abfolutely 
neceflary 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 exprefled by a prefixed 
fign. A few inftances will beft explain the author’s 
meaning. 

Suppofe the number 5 to reprefent the word fee. 
6 — —— a man, 
7 — — happy, 
8 —— — never. 
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u I would then (fays he) exprefs the tenfes, genders, 

cafes, &c. in all languages, in foine fuch uniform manner 
as following: 

: prefent tenfe, — 

: perfeS tenfe, — 

: pcrfeS participle, ■ —* 

~ prefent participle, — 

: future, — —■ 
fulflantive, — 

perfonal fubjlanti've, 

nominative cafe, — 

genitive, — ■— 

] CHE 

(0 

(2) 

(3) 

(4) 

(5) 

(6) _5 = 

5 

•5 
:5 

5: 

5- 

(7) 

(8) 

(9) 
(10) 

00 
(12) + 6 

(13) 7 

(14) 7 

(15) 7 
_7 

(16) -7 

dative, — 
feminine, •— 

plural, — 

pojitive, — 

comparative, 

fuperlative, 

as above, No. 6. 
negation, — 

fee, 

faw, 

feen, 

feeing, 

will fee, 

fight, 
fpe&ator, 

a man, 
of a man, 

to a man, 
a woman, 

men, 

happy, 

happier, 

happieft, 

happinefs, 
unhappy. 

“ From the above fpecimen, I fhould find no difficul- 
ty in comprehending the following fentence, though 
it were written in the language of the Hottentots: 
^ g) I never faw a more unhappy woman. 

“ Thofe 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 firit perfon, and will ftill have the fame 
meaning.” 

Our author feems confident that, according to this 
fcheme of an univerfal charafter, 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 diAionary, 
would eafily comprehend each other. He proceeds next 
to ffiew how appropriate founds pay be given to his 

figns, and an univerfal living language formed from the Charsdters 
univerfal charafters. _ _ Chemis. 

To attain this end, he propofes to diftinguiffi the ten ■ - . • 
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- 
tei'ing feparately its component parts, after the 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 diftinA 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 diftinA 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 expreffed 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, ; and pro- 
nounce it, fix, nine, four, three, in the power of or under 
four. By thefe means eleven diftinA appellations would 
be 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 fubjeA, will perceive, that in the living fpeech 
its defeAs would more than balance its advantages. A 
pangraph, as he calls his univerfal charaAer, would in- 
deed be ufeful, and is certainly praAicable ; a panleg 
(if we may form fuch a word) would not be very ufeful, 
unlefs it were much more perfeA than it could be made 
according to the plan before us. 

CHAUSETRAPPES. See Croit’s 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 

Definition. TS a fcience, the obje& 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 moil important 
branches of manufactures could not have been conduct- 
ed without at lead 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 mod didinguifhed names in Europe have 
enlided under its banners. So rapid has this progrefs 
been, that though the article Chemistry in the Ency- 
clopaedia Britannica was written only about ten years 
ago, the language and reafoning of chemidry have been 
fo greatly improved, and the number of faCfs have ac- 
cumulated fo much, that we find ourfelves under the 
neceffity of tracing over again the very elements of the 

4 fcience. 
Importance Indeed, if we confider the importance of chemidry, 
of chemif- vve fiiall not be fo much furprifed at the ardour with 

which it has been cultivated. As a fcience, it is inti- 
mately connefted with all the phenomena of nature ; 
the caules 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 
chemidry ; and the vegetation of plants, and fome of 
the mod important funftions of animals, have received 
all their illudration from the fame fource. No dudy 
can give us more exalted ideas of the wifdom and good- 
eefs of the Great Fird Caufe than this, which fhews us 
everywhere the mod adonifhing effe&s produced by 
the mod 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 praftical chemids ; and the mod effential improve- 
ments have been introduced into all thefe arts by the 
progrefs which chemidry has made as a fcience. Agri. 
culture can only be improved rationally and certainly 
by calling in the aflidance of chemidry ; 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 chemidry that it Arrange- 
mud confid in a hidory of the fimple fubdances which Inent• 
enter into the compofition of bodies, in an invedigation 
of the manner in which thefe fubdances combine, and 
in a defcription 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 neceflary 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 mud renounce a rigid adhe- 
rence to arbitrary definitions, which nature difclaims. 

We fhall begin by an account of the fimpled bodies, 
and proceed gradually to thofe which are more com- 
pound. By fimple bodies, we do not mean what the an- 
cient philofophers called the elements of bodies, but mere- 
ly fubdances which have not yet been decompounded^ 
Very pofiibly the bodies which we reckon fimple may 
be real compounds; but till this has actually 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 chemidry would be as perfeft as poffible ; but 
at prefent this is very far from being the cafe. 

We diall divide this article into four parts. The frfl 
part ihall treat of thofe bodies which are at prefent con- 
fidered 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 fiiall 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'afles of A LL the bodies which are at prefent reckoned fim- 
fimple bo- -cX p]e> becaufe they have never been decompounded, 
dies* may be reduced into fix clafles. 

1. Oxygen, 4. Earths, 
2. Simple combuftibles, 5. Caloric, 
3. Metals, 6. Light. 

Thefe fiiall form the fubjefts of the fix following 
chapters. 

Chap. I. Of Oxygen. 

'Pla'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 previoufiy clofed up with Method of 
metal. This barrel is to be bent in fuch a manner, Procur’n£ 
that while the clofe end, in which the nitre lies, is putox^eiu 

into the fire E, the open end may be plunged below the 
furface of the water, with which the veflel 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 veflel of water B, fo as to be exaftly over the 
open end of the gun-barrel A. As foon as the nitre 
becomes hot, it emits a quantity of air, which iffuing 
from the end of the gun-barrel, afcends 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 



7 Another 
method. 

Part I. C H E, M, 
Oxygen, ing manner : Slide it away a little from the gun-barrel 

v^ an(l the fupport, and then dipping any flat difh into t e 
water below it, raife it on it, and bear it away. The 
difh muft 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 pvocefs 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- 
ftinguilh them from it, been called gafes, and this name 
we (hall afterwards employ. 

Tvr 6 A The eas which we have obtained by the above pro- 
SSLycefs wafdiCcovered by Dr Prieftky on ‘be ill °f Au- 
andScheele.cruft I774> and called by him dephlogijlicated^ air. 

Scheele of Sweden difcovered it in !775> without any 
previous knowledge of what Dr Prieftley had done : he 
gave it the name of empyreal air. Condorcet, fo co"‘ 
ipicuous during the French revolution, gave it firft 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. f 

Oxygen gas may be obtained hkewife by the Follow- 

^ (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 mches 
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 of 
the trough, which may be called the ciftern, the jars 
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, which was 
invented by Dr Priellley, has been called by the French 
chemifts the pneumato-chemical, or fimply pneumatic appa- 
ratus, and is extremely ufeful in all experiments in which 
gafes are concerned. Into the glafs vefTel 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 infert into 
the mouth of the veffel 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 oi 
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 veffel E is to be 
heated by means of a lamp or a candle. A great quan- 
tity of oxygen gas rufhes along the tub F, and fids the 
jar G. As foon as the jar is filled, it may be Aid to an- 
other part of the fhelf, and other jars fubftituted in its 

* place, till as much gas has been obtained as is wanted. 
Properties j Oxygen gas is colourlefs, and invifible like com-, 
of oxygen. ’ “ 

I S T R Y. 
mon air. Like it too, it is elaftic, and capable of in 
definite expanfion and comprefiion. 

213 
Oxygen. 
   > 
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2. If a lighted taper be let down into a jar of oxgen sUpports 

gas, it burns with fuch fplendor that the eye can fcaice-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 

It was proved long ago by Boyle, that animals can- a 1 

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. H. 

The firft fparrow lived - - 3 
The fecond . - - - o 
The third . - - - o 

He filled the fame glafs with oxygen gas,^ and re 
peated the experiment. H. M. 

The firft fparrow lived - - 5 
The fecond 
The third 

M. 
o 
3 
1 

The fourth 
The fifth 
The fixth 
The feventh 
The eighth 
The ninth 
The tenth 

23 
10 
30 
10 
3° 
47 
27 
3° 
22 
21 

He then put in two together ; the one died in 2C mi- 
nutes, but the other lived an hour longer. rr 

4. Atmofpherical air contains about 27 parts ™ 
hundred of oxygen gas. This was fiift difcovered by 
Scheele. It has been proved by a great number of ex- 
periments, that no fubftaace 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 has 
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 neceflary for refpiration. 

6. When fubftances are burnt in oxygen gas, or in 
any other gas containing oxygen, if the air be examined 
after the combuftion, a great part of the oxygen willbe 
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. Exaftly the fame thing 
takes place when air is refpired by animals; part of the 
oxygen gas difappears, and its place is occupied by fub- 
ftances poffeffed of very different properties. Oxygen 

gas 

(a) This fubftance fhall be afterwards defenbed. 
ufe with bleachers and feveral other manufa .turers. 

It is now very well known in Britain, as it is in common 



2T4 
Oxyi'en. gas then undergoes fome change during combuftion, as 

' v n" well as the bodies which have been burnt; and the fame 
j2 obfervation applies alfo to refpiration (b). 

Its fpecific ?• The fpecific gravity of oxygen gas, as determined 
gravity. by Mr Kirwan is 0,00135, that of water being 
* On PA/o- , fcooo, as is always the cafe when fpecific gravity is 
gi/lon>fe<h•11 mentioried abfolutely. It is therefore 740 times lighter 

than the fame bulk of wrater. Its weight to atmofphe- 
rical air is as 1103 to toco : 116 cubic inches of oxy- 
gen gas weigh 39,03 grains troy, 116 cubic inches of 
common air, 35,38 grains. 

Affnity er- 8’ Oxygen is capable of combining with a great num- 
piained. her of bodies, and forming compounds. As the com- 

bination of bodies is of the utmoft importance in che- 
miftry, before proceeding farther we lhall attempt to 
explain it. When common fait is thrown into a veffel 
of pure water, it melts, and very foon fpreads itfelf 
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 inftantly falls to the bottom. 

Why did the fait difiblve in water, and why did it 
fall to the bottom on pouring in fpirit of wine ? Thefe 
queltions were firft ?ifwered by Sir Ifaac Newton. 
There is a certain attraftion 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 attradfion alfo between the particles 
of water and of fpirit of wine, which equally difpofes 
them to unite, and this attrabfion 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, fulls to the ground by its gravi- 
ty. This power, which difpofes the particles of diffe- 
rent bodies to unite, was called by Newton aitrii8iont 
by Bergman, eleftive attraction, and by many of the Ger- 
man and French chemiils, ajfinity; and this lail term we 
fliall 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 
fubltances, 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 
inllance 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 I. 
united with the water. Spirit of wine therefore has a Oxygen, 
ftronger affinity for water than common fait has. *—-y— 

In 1719 Geoffroi invented a method of reprefenting 
the different degrees of affinities in tables, which he 
called tables of ajfinity. His method conlifted in pla- 
cing the fubftances whofe affinities were to be afeertain- 
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 ftrongeft affinity next it, and 
that which had the weakeft fai theft 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 has been univerfally adopted, and has con- 
tributed very much to the rapid progrefs of che- 
miftry. u 

We fhall proceed therefore to give a table of the af-Affinities of 
Unities 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 

C II E M I s T R Y, 

(b) Mayow had in the laft century made confiderable progrefs towards the difeovery of oxygen gas. He knew 
that only a part of the air fupported combuftion : Thi* part he calledparticuU igneo-aerea. He knew that this part 
was contained in nitre: “ Pars nitri aerea nihil aliud quam particulae ejus igneo-aereae eft.,, He adds, “ At non eft 
eftimandum pabulum igneo-aereum ipfum aerem effe, fed tantum partem ejus majus a&ivam fubtilemque. Quippe 
lucerna vitro inclufa expirat cum tamen copia aeris fatis ampla in eodem continetur.5’ 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 didtis certo con flat animalia refpirando particulas quafdam vitales eafque elafticas ab acre haurire.” See his 
Tradatus quinque Medico-Phyfici, 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- 
ceffareas effe.” Hid, 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, we thought it would 
be more perfpicuous to put after it the pfrepofition/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, 

C H 
White oxide of lead ? 
Nitrous acid, 
White oxide of manganefe, 
Water. 

The reafon of this order will appear when we treat 
of thefe various fubftances. 
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fait, for inftance, be diflolved in water, and that fluid, Sulphur, ^ 
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 

Chap. II. Of Simple Combustible Bodies, 

Five fimple By combufibles, we mean fubftances capable of com- 
eombufti- bullion; and by fmple combujltbles, bodies of that na- 
bles. ture which have not yet been decompounded. Thefe 

are only five in number, Sulphur, Phosphorus, 
Carbon, PIydrogkn, and Azot. Were we to adhere 
ftriclly to our definition indeed, we fhould add all the 
metals ; for they are alfo combuftible, and have no): yet 
been decompounded : But for the reafons formerly 
given, we {hall venture to deviate a little from ftridl lo- 
gic, and confider them afterwards as a diflindt clafs of 
fubftances. 

Sect. I. Of Sulphur. 

Sulphur, diftinguifhed alfo in Englifh by the name 
of brimjlone, was known in the earlieil ages, its 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 wrool*. 

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£lor of eleftricity, and of courfe 
becomes eledtric 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 diminifties; 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 1700, 
it rifes up in the form of a fine powder, which may be 
eafily collected in a proper veflel. This powder is call- 
ed flowers of fulphur. When fubftances fly oft 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 doe's, but falls to the bottom,_ and remains 
there unchanged ; it is therefore infoluble in water. . If, 
however, it be poured, while in a ftate of fufion, into 
water, it affumes a red colour, and retains fucha 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 aflu- 
niing certain regular figures. If a quantity of common 

♦ PUny. 
lib. xxxv. 
c. Ij- 

16 
Properties 
of fulphur. 

I' Four Cray. 

| Dr 

17 Flowers of 
fulphur. 

| Fourcroy. 
18 

Sulphur ca 
pable of 
cryftalli- 
zing. 

of the veflel in cubes. Thefe regular figures are called 
cryflals. 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<#e-ihaped cryflals of an oc- 
tahedral figure. This method of cryftallizing 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 by 
with a pale blue flame, and at the fame time emits a add> 
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 afhes or refldxium. If the 
fumes be colledled, they are found to confirt entirely of 
fulphuric acid. By combuftion, then, fulphur is con- 
verted into an acid. This fad was known feveral cen- 
turies ago, but no intelligible explanation was given of it 
till the time of Stahl. That chemift undertook the tafk; 
and founded on his experiments a theory fo exceeding- 
ly ingenious, and fupported by fuch a vail number of 
fads, that it was in a very fhort time adopted with ad- 
miration by all the philofophic world, and contributed 
not a little to raife chemiftry to that rank among the 
fciences from which the ridiculous pretenfions- of the 
early chemifts had excluded it. _ 20 

According to Stahl, there is only one fubftance in Stahl’s ex- 
nature capable of combuftion, which therefore he called Pf

a^0I) 

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 incombuftible. All com- 
buftibles, except thofe which confift of pure phlogifton 
(if there be any fuch), are compofed of an incombuftbile 
body and phlogifton united together.' During combuf- 
tion the phlogifton flies off, and the incombuftible body 
remains behind. Now when fulphur is burnt, the fub- 
ftance which remains is fulphuric acid, an incombuftible 
body. Sulphur therefore is compofed of fulphuric acid 
and phlogifton.. < 

To eftablilh this theory completely, it was neceffary 
to fhew that fulphur could be adlually made by combi- 
ning fulphuric acid and phlogifton ; and this alfo Stahl 
undertook to perform. Sulphat of potafl is a fubftance 
compofed of fulphtrric 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 confequently 
contains hardly any thing elfe than phlogifton. He 
melted together in a crucible a mixture of potafs and ful- 
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 potajh well known in commerce in a ftate. of- 
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together, and of a darker colour than ufual, from the 
reliduum of the charcoal. Now there were only three 
fubftances in the crucible at firlt, potafs, fulphuric acid, 
and charcoal : two of thefe have difappeared, and ful- 
phur>\\dL% been found in their place. Sulphur then muft 
have been formed by the combination of thefe two. 
But charcoal confifts of phlogilton and a very fmall re- 
fiduum, which is ftill found in the crucible. The ful- 
phur then mult 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 
the bell demondrated truths in chemillry. 

There are two fa£ts, however, which Stahl either did 
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 fadts fimilar to thefe, fuc- 
ceeding chemifts refined upon the theory of Stahl, de- 
prived his phlogiiton of gravity, and even affigned it a 
principle of levity. Still, however, the Jiecelfity of the 
contadl of air remained unexplained. At laft Mr La- 
voiiier, who had already diftinguifhed himfelf by the ex- 
tenfivenefs of his views, the accuracy of his experiments, 
and the precilion of his reafoning, undertook the exa- 
mination of this fubjedt, and his experiments were pub- 
lifhed in the Memoirs of the Academy of Sciences for 

■ 1777. He put a quantity of fulphur into a large glafs 
vefiel filled with air, 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 
vefiel proportional to this increafe of weight. The 
fulphur, therefore, during its converfion into an acid, 
mull 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 vefiel 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 afcent 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 exadlly the 

I S T R Y. Part [. 
fame, there was not the fmalleft reafon to fuppofe that Sulphur, 
any fubftance had left the fulphur. <—-v— 

It is impofiible, 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 leaft fome fal- 
lacy in his reafonings; for it is impofiible 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 efeape 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 pafies 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 a£t of its combination with oxygen ; and, for any 
thing which we know to the contrary, it is a Ample 
fubftance. 

The affinities of fulphur, according to Bergman, are ^f^n]t
3ie90j 

as follows 
Lead, 
Tin, 
Silver, 
Mercury, 
Arfenic, 
Antimony, 
Iron, 
fixed alkalies. 
Ammonia, 
Barytes, 
Lime, 
Magnefia, 
Phofphorus ? 
Oils, 
Ether, 
Alcohol. 

Sect. II. Of Phofphorus. 

fulphur. 

34 
Let a quantity of bones be burnt, or, as it is term-Produ&ion 

ed in chemiftry, calcined, till they ceafe to fmoke, or0^ 
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 ejfervefcence. 



Part I. CHE M 
Phof, Wus flovvly till a quantity of white powder falls to the bottom. 

’’V—This powder muft be feparated by filtration and thrown 
away. The evaporation is then to be relumed; and when- 
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 walhed 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 fulphureous odours ; then pour it but. When 
cold it aiTumes the appearance of a brittle glafs. Pound 
this glafs in a mortar, and mix it with one-third by 
weight of charcoal daft. 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- 
creafe the fire till it becomes red hot. A fubftance 
then pafl’es 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 pbofphorus. 

It was difeovered by Brandt, a ehemift 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 iilver into gold %- 
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becomes opaque, and then has a great refemblance to Phofphoru» 
white wax. Its confiftence is nearly that of wax : it 
may be cut with a knife or twilled to pieces with the 
fingers. It is infoluble in water. Its fpecific gravity 
is 1,714. 

*5 
Its difeo- 
very. 

t Boyle A- 
bridged by 
Shaw, iii. 
174 

J\ro>es on 
Scbejfei 

a6 
Fts proper- 
ties. 

It melts at the temperature of 990 *, and even at 67° * Pelletier, 
it gives out a white fmoke, and is luminous in the dark; 'Journal de 
that is to fay, it fuffers a flow combuftion : fo that ft 
can only be prevented from taking fire by keeping it in ' J ‘ 
a very low temperature, or by allowing it to remain al- 
ways plunged in water. If air be excluded, it evapo- 
rates at 2190, and boils at 5540 f. When heated to \ IbU. ^ 1. 
HZ* (H), it burns with a very bright flame, and gives

Con^e
7
ned 

out a great quantity of white fmoke, which is luminously. combuf. 
in the dark ; at the fame time it emits an odour whichtion 
has fome refemblance to that of garlic. It leaves no 
reliduutn ; but when the white fmoke is collected, 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 reparation of phlogifto-n. He 
even declared, that to make phofphorus, nothing more 
was neceflary than to combine muriatic acid and phlo- 
gifton ; and that this compofition was as eafily accom- 

Kunkel, another German chemift, hearing of the dif- pliftied as that of fulphur itfelf J. . \ThreeHun. 
covery, was anxious to find out the procefs, and for Thefe aflertions gained implicit credit; and the com- 
that purpofe aflbeiated himfelf with a friend of his na- pofition and nature of phofphorus were confidered as^f- 
med Kraft. But the latter procured the fecret from completely underftood, till Margraf of ^Berlin publilhed 
the difeoverer ; and expedling by means of it to acquire his experiments in the year 1743* T-hat great man, 

one 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 his 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 ditferent ftates, 
and employed a variety of fubftances to furnilh phlogif- 
ton, all his attempts failed, and he was obliged to give 2g 
up the combination as imprafiticable. On examining into phof- 
the acid produced during the combuftion of phofpho-phone acid, 
rus, he found that its properties were very different from 
thofe of muriatic acid. It was therefore a diftindl fub- 
ftance. The name of pbofpboric 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 Morveau §, that §D^r(/'J- 
phofphoric acid was heavier than the phofphorus from 
which it was produced (k) ; and Boyle had long before‘}” 
ftiewn that phofphorus wrould not burn except when in 
contact with air. Thefe fadts were fufficient to prove 
the inaccuracy of the theory concerning the compofi- 
tion of phpfphorus ; but they remained themfelves un- 

differs accounted for, till Lavoifier publifhed thofe celebrated 
experiments, which threw fo much light on the nature , 
and compofition of acids. 

He exhaufted a glafs globe of air by means of an air- 
E e pump; >■<'' 

Melange de 
Berlin. 

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 difeover- 

f Stall's erst. 
Three Hun- Boyle likewife difeovered phofphorus. Leibnitz in- 

deed affirms that Kraft taught Boyle the whole pro- 
cefs, and Kraft declared the fame thing to Stahl. But 
furely the affertion of a dealer in fecrets, and one who 
had deceived his own friend, on which the whole of this 
ftory 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 greatell philofophers, of his 
age ; and he pofitively affures us that he made the dif- 
eovery without being previoufly acquainted with the 
procefs 

Gahn, a Swedifli chemift, difeovered, in 1769, that 
phofphorus was contained in bones [|, and Scheele (g) 

Bergman'sv^YY f°on alter invented a procefs for obtaining it from 
them. Phofphorus is now generally procured in that 
manner. The procefs deferibed in the beginning of this 
feclion is that of the Dijon academicians : it 
from that of Scheele only in a Angle particular. 

Phofphorus, when pure, is of a clear, tranfparent, 
yellowifh colour ; but when kept fome time in water, it 

Suppl. Vol. I. Part I. 

(g) Crell, in his life of Scheele, informs us that Scheele was himfelf the difeoverer of the fadl. This, he fays, 
clearly appears from a printed letter of Scheele to Gahn, who was before looked upon as the difeoverer. See 
Crell’s Annals, Englilh Tranf. I. 17. 

(h) Morveau, Encycl. Method. Chimie, art Ajfmite.—According to Nicholfon at l6op. See his Tranjlation of 
Chaptal. 

(1) This acid (hall be afterwards deferibed. 
(k) The fame obfervation bad been made by Margraf, but no attention was paid to it. 
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-pump ; after weighing it accurately, he filled it 
with oxygen gas, and introduced into it 100 grains ot 
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 
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 lafl; 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 afcer- 
tained, and the phofphorus, which ftill remained un- 
changed, accurately weighed. The white flakes, which 
were nothing elfe than pure phofphoric acid, were found 
exa&ly equal to the weights of the phofphorus and 
oxygen, which had difappeared during the procefs. 
Phofphoric acid therefore muft have been formed by 
the combination of thefe two bodies ; for the abfolute 
weight of all the fubftances together was the fame be- 
fore and after the procefs *. It is impofiible then that 
phofphorus can be compofed of phofphoric acid and 
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 
light. 

Phofphorus combines readily with fulphur, as Mar- 
graf difcovered during his experiments on phofphorus. 
This combination was afterwards examined by 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 77Vand 
then becomes folid. Thefe fubftances were combined 
in the fame manner in the following proportions : 

7, Phofphor. ? al5!lt 

18 Sulphur 3 0 

7 2 Phofphor. 
36 Sulphur 
72 Phofphor. 
72 Sulphur 
72 Phofphor. ) 

216 Sulphur y 

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 Pelletiert derate 
^ftur. de Phofphorus is capable of combining alfo with many 
f btf. xxxv, ot^er bodies : the compounds produced are called phof- 

^ %r phurets* 

29 
Which is 
pholphorus 
combined 
with oxy- 
pen. 
^ Lavcijier's 
Gbemifln, 
Part I. 
chap. v. 

3° 
Phofphorus 
combines 
■with fuL- 
phur. 

at 50V 

at 410 

at 99< 

Part I, 
The affinities of phofphorus have not yet been afcer- Carbon, 

tained. w 'r~m^ 
Sect. III. Of Carton. 

If a piece of wood be put into a crucible, well co- 
vered with land, and kept red hot for fome time, it is 
converted into a black ffiining brittle fubftance, without 
either tafte or finell, well known under the name of 
charcoal. This fubftance contains always mixed with 
it feveral earthy and falxne particles. When freed from 
thefe impurities it is called carton. ^ 

Charcoal is infoluble in water. It is not affe&ed (pto* properties 
vided that all air be excluded) by the moft violent heat 0f carbon, 
which can he 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, dt 
that charcoal when expofed to the atmofphere abforbs phf' xxx. 
oxygen gas in preference to wx.ot "L as the other portion^"9^ ^ 
of common air is called. Chim. iv. 

When heated to the temperature of 370° J, it takes z6i. 
fire, and, provided it has been previoully freed from the f Morven, 
earths and falls which it generally contains, it burns 
without leaving any refiduum. If this combuftion be Affinite. 
performed in clofe veffels filled with oxygen gas inftead 33 
of common air, part of the charcoal and oxygen difap-Converted 
pear, and in their room is found a particular gas exa&ly ^ 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 difcovery, 
afcertained, by a number of very accurate experiments,, 
that this gas was compofed of about 28 parts of carbon 

, and 72 of oxygen ||. I! A- 
Carbon is fufceptible of cryftallization. In that ftate^ i78i» 

It is called diamond. The figure of the diamond varies 4^- 
confiderably; but moft commonly it is a hexagonal prifm Sufccptible 
terminated by a fix-fided pyramid. When pure it is co- of cryflalk 
lourlefs and tranfparent. Its fpecific gravity is fromzMion. 
3,4410 3,55. It is one of the hardeft fubftances in 
nature ; and as it is not affe&ed 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- 

pefted; 

(l) The quantity of phofphorus confumed was 
The quantity of oxygen gas - 

45 grams 
69>375 

Weight of the phofphoric acid produced 114> 3 75 
Phofphoric acid therefore is compcfed of 100 parts phofphorus and 154 oxygen. 
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pefted, from that circumftance, that it was capable of 
combuftion. This fingular conjedure was verified in 
1694 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 witneffed the de- 
ftruftion 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 actually burnt, and that if air was ex- 
cluded it underwent no change. 

No attempt, however, was made to afcertain the pro- 
duct, till Lavoifier undertook a feries of experiments for 
that purpofe in 1772. He obtained carlonic acid gas. 
It might be concluded from thefe experiments, that the 
diamond contains carbon ; but it was referved for Mr 
Tennant to Ihew that it confifted entirely of that fub- 
flance. , 

Into a tube of gold, having one end clofed and a 
glafs tube adapted to the other to colleft the produdt, 
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 pafied off before the 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 afcertain the quantity of this carbonic acid, he dif- 
folved the potafs in water, and added to the folution an- 
«ther fait compofed of muriatic acid and lime. Muria- 
tic acid has a ftronger 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. He 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 veflel 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 
Tavoifier, 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 follow’s, therefore, that it was 
compofed of pure carbon*. The difficulty of burning 
the diamond is owing entirely to its hardnefs. MeflVs 
Morveau and Tennant rendered common charcoal fo 
hard by expofing it for feme time to a violent fire in 
clofe veflels, that it loft much of its natural tendency to 
combuftion, and endured even a red heat without catch- 
ing fire f. 

Charcoal poflefles a number of fingular properties, 
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which render it of confidcrable importance. It is in-Hydrogen, 
capable of putrefying or rotting like wood, and is not v ^ 
therefore liable to decay through age. This property 
has been long known. It was cuftomary among the 
ancients to char the outfide of thofe flakes 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 wrhich have con- 
tradled a difagreeable odour, effeftually 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 knowm. Mr Lowitz of Peterfburgh 
has ftiewn, 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 
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 veflel. Imme- 
diately the iron filings and acid effervefee with violence, 
a vaft quantity of gas is produced, which rufhes through 
the tube and fills the jar. This gas is called hydrogen 
gas (s). 

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 Jire damp. Mr Ca- 
vendifh * was the firft who examined its properties with# />£;/, 
attention. They were afterwards more fully inveftiga-'IV,™/17660 
ted by Prieftley, Scheele, and Fontana. ^ 

Hydrogen, like air, is invifible and elaftic, and ca-hs proper- 
pable of indefinite compreffion and dilatation. ties. 

Its fpecific gravity differs according to its purity, 
Kirwan found it o,cooiof ; Lavoifier 0,000094 or tOnPh/cg,/- 
about twelve times lighter than common air. ill. 

All burning fubftances are immediately extinguilhed“ 
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 F<Ve. 
that this was owing to the quantity of common air con- 
tained in the lungs when he began to breathe ; for on 
expiring as ftrongly as poffible before drawing in the 
hydrogen gas, he could only make three refpirations, 
and even thefe three produced extreme feeblenefs and 
oppreffion about the breaft ||. || 7our Q- 

If a phial be filled with hydrogen gas, and a lighted 
candle be brought to its mouth, the gas. will take fire, 
and burn gradually till it is all confumed. If hydro- 

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. at* 

(n) It was formerly called inflammable air, and by fome chemiftsphlog'flon. 
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Hydrogen, gen and oxygen gas be mixed together-»and kindled, 

"V-—' they burn 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 exploiion is lefs violent. Hydrogen gas will 
not burn except in contaft with oxygen gas, nor 
will it burn even in contaft 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 veffd, they disappear, 
and in their place there is found a quantity of water 

38
r exa&ly equal to them in weight. This water mull be 

STE’a- compofed of thefe two gafes.; for it did not previoufly 

* Kir'Wan 

ter. 

Encycl. 
Method. 

exill in the veffel, and no other fubftance except the 
gafes was introduced. Water then is compofed of oxy- 
gen and hydrogen ; and the combuilion of hydrogen is 
nothing elfe but the atl of its combination with oxy- 
gen (o). 

It had been fuppofed, in confequence of the experi- 
ments of Dr Pridtley and feveral other philofophers, 
that when hydrogen gas was allowed to remain in con- 
tad with water, it was gradually decompofed, and con- 

Mr de Morveau *, Mr 
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part of the remaining fulphur, for which it has a con- Hydrogen, 
liderable affinity. 

The fpecillc gravity of fulphurated hydrogen gas is 
0,00131;*; it is to common air as 1106 to 1000. 1 

It has a very fetid odour, precifely fimilar 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 deposited. 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 fyrup of violets to a green colour-j-.t Fourcroy’t 
t does not feem capable of exifting in atmofpherical II 

air without decompofition; for the moment it comes 
into contad with oxygen gas, fulphur is depofitedj. | Bergman. 

2. Phofphorated hydrogen gas w'as difeovered by Mr 4' 
Gengembre in 1783, and by Mr Ktrwan fome time 
ter, before he became acquainted with the experimentsgen j,aSi 
of that gentleman. It may be procured by mixing 
phofphorus with potafs diffolved in water, and applying 
a boilintr heat to the folution. The phofphorus is gra- . verted into another gas; but „ - 

+ X« J54’ Haffenfratz f, and Mr Libesj, have ffiewh that it un- dually converted into an acid by decompofing the wa- 
Chim. 'li92. dergoes no change, provided fufficient care be taken to ter, and uniting with its oxygen. The hydrogen af- 
} J°”r- de exclude every other gas. 
Ehyf. xxxvi. Hydrogen gas diffolves fulphur, phofphorus, and car- 
4lZ'39 bon.' The compounds are czWed. fulphurated, phofphora- 
Compounds ted, and carbonated hydrogen gas. 
cf hydro- j. Sulphurated hydrogen gas was firll examined with 
gen gas. attention by Scheele, who, together with Bergman, dii- 

covered many of its properties. Mr Kirvvan likewife 
publiffied a very valuable paper on the fame fubjedt. 
If equal parts of fulphur and potafs be melted together 

40 
Sulphura- 

^tnI10' in a covered crucible, they combine together, and form 
k a compound known by the name of fulphuret of potafs, 

but formerly called, from its red colour, hepar fulphuris, 
or liver of fulphur. When this fubftance is moiftened 
with water, it gives out a quantity of fulphurated hy- 
drogen gas; hence this gas was at firft called hepatic gas. 

Mr Gengembre enclofed a bit of fulphur in a glafs 
veffel filled with hydrogen gas, and melted the fulphur 
by means of a burning-glals. 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 eafieft method of obtaining it is to pour an 
acid, the muriatic for inftance, on a quantity of the 
fulphuret reduced to powder. An effervefcence takes 
place, the gas is extricated, and may be colle&ed by 
means of a pneumatic apparatus. The theory of this 
emiffion is obvious. The fulphur is gradually convert- 
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- 
fumes the gafeous form, and at the fame time diffolves 

fumes the form of a gas, and flies off after diffolving 
a little of the phofphorus. This gas may be colledled 
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 produfts are water and phofphoric acid. 
The combuftion 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 !|. 

Kirwan, 

Brugnatd- 
3. Carbonated hydrogen gas arifes fpontaneoufly in^\^“ 

hot weather from marfhes, but always mixed with feve-„u/j ^445. 
ral other gafes. Several fpecies of it have been lately 
difeovered by the affociated Dutch chemifts Bondt, 
Dieman, Van Trooftwyck, and Lauwerenberg*}. When \fnn- * 
71; parts of fulphuric acid and 25 of fpirit of wine are (^f-XX1* 
mixed together, a gas is extricated which fuffers no al- 
teration from (landing over water. Its fpecific gravity Carb^atd 
is 0,00111, or it is to common air as 909 to 1000. lthydrogen 
has a fetid odour, and burns with a ftrong compa&gas. 
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 
powder ; it muft therefore be compofed of carbon and 
hydrogen gas. When burnt, the produd is carbonic 

acid 

(o) The hiftory of this great difeovery, and the obje&ions which have been made to it, we referve for the 
chapter which treats of Water, where they will be better underftood than they could be at prefent. This fub- 
ftance was called hydrogen by the French chemifts, becaufe it enters into the compofition of water, from vJo-f 
ter, and rtwy-xi I am born. Objections 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 almoil greater than humaiij 
conjedured, from its great refrading power, that water contained a combuflible fubjlance. 
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By making ether (p) pafs thro’ 

* Jbid. 
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Hydrogen, acid gas and water *. ^ * 
 a red hot glafs tube, another carbonated hydrogen gas 

was formed, the fpeciiic gravity of which was o,ooc86. 
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 carbon, and the lafl 
to contain lead f. 

The affinity of hydrogen gas for thefe three combuf- 
Affiniiiesoftibles is as follows: 
thcfe gafes. Sulphur, 

Carbon, 
Phofphorus (c^). 

Dr Auflin found, that by repeatedly palling eledlric 
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 

4+ evolution of hydrogen gas. On burning air thus ex- 
decompofepanded, he found that it required a greater quantity of 
carbon oxygen than the fame quantity of gas not dilated hy 

electricity : An addition therefore had been made to 
the combuftible matter ; for the quantity of oxygen 
neceflary to complete the combufiion of any body, is 
always proportional to the quantity of that body. He 
concluded from thefe experiments, that be had decom- 
pofed the carbon which had been diflblved in the hy- 
drogen gas ; and that carbon was compofed of hydro- 
gen and azot (r), fome of which was always found in 
the veflel after the dilated gas had been burnt by means 

f Phil. of oxygen p If conclufion be fairly drawn, we 
TYaff/'. Ixxx.muft expunge carlon from the lift of fimple fubftances, 

and henceforth confider it as a compound. 
There was one circumftance which ought to have 

prevented Dr 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 owino- 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 
fuhftance, 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 

Tr nf 17 7 that the dilatation which Dr Auftin defcribes a&ually 
part ad! took place, but that it could not be carried beyond a 

certain degree, a little more than twice the original 

2 21 
Azot. 

Ji 
45 

Examined, 

§ Phil. 

hulk of the gas. Upon burning feparately by means of 
oxygen, two equal portions of carbonated hydrogen gas, 
one of which had been expanded hy eleitricity 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 hy the ele&ric fhocks. _ 45 

Mr Henry then fufpetfted that the dilatation was ow- And found 
ing to the water which every gas contains in a larger s" 
or imaller quantity. To afeertain this, he endeavoured 
to deprive the carbonated hydrogen gas or as much wa- 
ter as pcfiible, hy making it pafs over very dry potafs, 
which attra&s water with avidity. Oas treated in this 
manner could only be expanded one-fixth of its bulk ; 
but on admitting a drop or two of water, the expanfion 
went on as ufual. The fubftance decompounded by the 
eledlricity, 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 effefUd. 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 decompofed, and car- 
bonic acid and hydrogen gas are formed. The eledlric 
explofion fupphes 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- 
lions the dilatation. Carbonic acid gas is ahforbed with 
avidity by water : and when water was admitted into 
709 meafures of gas thus dilated, 100 meafures were ab- 
foibed ; a proof that carbonic acid gas was adlually 
prefent. As to the azot which Dr Auftin found in his 
dilated gas, it evidently proceeded from the admiflion 
of fome atmofpheric air, about 73 parts of which in the 
100 confift of this gas: for Dr Auftin’s gas had flood 
long ever water ; and Drs Prieftley and Higgins have 
fhewn that air in fuch a fituation always becomes im- 
pregnated with azot. 

The affinities of hydrogen have not yet been aferr-Affinities of 
tained, but perhaps they are as follows : hydrogen. 

Oxygen, 
Carbon, 
Azot. 

Sect. V. Of Ascot. 48 
If a quantity of iron filings and fulphur, mixed to-Method of 

gether and moiftened with water, be put into a glafs procuring 
veflel full of air, it will abforb all the oxygen in the32,01, 

courfe of a few days ; but a confiderable refiduum of 
air ft ill remains incapable of any farther diminution. This 
refidaum has obtained the appellation of azotic gas. 

It 

(p) Ether is a very volatile and fragrant liquid, obtained by mixing fpirit of wine and aculs, and diftilling. It 
fhall be afterwards deferibed. ^ . r , .-i 

(0 ) Sulphur decompofes carbonated hydrogen gas therefore its affinity is greater than that of carbon. The 
Dutch efiemifts melted phofpfiorus in carbonated hydrogen gas, but no change was produced; therefore the 
affinity of phofphorus is inferior to that of carbon. 

(r) See next Se&ion. His theory was, that carbonated hydrogen gas was compofed of 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 adually decompofed 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 
profeffor of botany in the univerfity of Edinburgh (s). 
Scheele pi'ocured it by the above procefs as early as 
1776, and proved that it was a diftinft fluid. Mr La- 
voifier 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 ; almofl all the reft is oxygen gas. The ea- 
iieft method of procuring azotic gas is to put fome ful- 
phuret of potafs into a glafs vefl'el filled with air, and 
accurately clofed, and then to apply heat to the fulphu- 
ret. All the oxygen is abforbed almoft inftantly. This 
method was firft pointed out by Morveau*. 

Mr Kirwan examined the fpecific gravity of azotic 
gas obtained by Scheele’s procefs; it was 0,00120: 
it is therefore fome what lighter than the atmofpheric 
air ; it is to atmofpheric air as 985 to tooof. ' 

It tinges delicate blue colours (lightly with green 
It is exceedingly noxious to animals ; if they are obli- 
fjed to refpire it, they drop down dead almoft inftant- 
y (t). No combuftible will burn in it. This is the 

reafon that a candle is extinguiftied in atmofpherical air 
as foon as the oxygen near it is confumed. Mr Goett- 
ling, indeed, publifned, 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 ftiining, is an ac- 
tual though (low combuftion. Mr Goettling’s experi- 
ments were foon after repeated by Drs Scherer and Jae- 
ger, who found that phofphorus does not fhine in azotic 
gas when it is perfectly pure; and that therefore the gas 
on wrhich 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- 
iults were afterwards confirmed by Profeffor Dampadius 
and Profeffor 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 ai- 

rways fome oxygen gas prefent §. 
Azotic gas is capable of diflblving phofphorus, as 

has been proved by the experiments of Fourcroy and 
Vauquelin. 

It diffolves alfo a little carbon : for azotic gas ob- 
tained from animal fubftances, which contain a great 
deal of azot, when confined long in jars, depofltes on the 
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fides of them a black matter which has the properties Azor. 
of carbon *. J 

Thefe two folutions, the properties of which have not 
yet been accurately examined, are called ^hofphorated cbim.i. 
and carbonated azotic gas. 

Azotic gas is capable of combuftion. Take a glafs proj^;- 
tube, the diameter of which is about the fixth part of of nitric 
an inch ; (hut 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 eledlric explofions pafs. 
The volume of gas gradually diminifhes, 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 gas is capable of combuftion in 
the temperature produced by ele<ftricity, which we know 
to be pretty high. The combuftibility of azotic- gas, 
and the nature of the produft, was firft difcovered by 
Mr Cavendifh, and communicated to the Royal So- 
ciety on the 2d of June 17K5 (u). 

The affinities of azot are ftill 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 Amplea20t 

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 re- 
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 neceflary during 
combuftiou, becaufe it combines with the phlogifton as 
it feparates from the combuftible ; and it even contri- 
butes by its affinity to produce that feparation : 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, combuflion ne- 
ceflarily flops, becaufe no more phlogifton can leave the 

combuf- 

(s) See his thefis De Aere Mephitico, publiihed in 1772.—“ Sed aer falubris et purus refpiratione animali non 
fnodo ex parte fit mephiticus fed et aliam indolis Jute 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 facial baud minus quam antea etJlarnmam et 
%'itam extinguit. pase 17* , . ....... 

“ Aer qui per carbones ignitos folle ada&us fuit, atque deinde ab omm aere meplntico (carbonic acid gas) ex- 
purgatus, malignus tamen adhuc reperitw et omnino fimilis eft ei qui refpiratione inquinatur. Immo ab experi- 
mentis patet banc folam effe aeris mutationem quae inflammationi adferibi potert. Si enim accenditur materies 
quaelibet quae ex phlogifto et bafi fixa atque fimplici conftat, aer inde natus tie minimam aeris mephitici quantitatem 
in Je continere videtur. Sic aer in quo fulphur aut phofphorus urinae combuftus fuit, licet maxime malignus, cal- 
cem tamen ex aqua minime pra:cipitat. Interdum quidem fi 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 fignifies dejirufiive to life, 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 Jiritus nitri (fays heJ c particulis ejus igneo-acreis prownit. Tradl. p. 19. 
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Azot. eombu{lible-(v) : 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 moil 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, actually 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 that 
this air had the properties of oxygen gas, Thefe dif- 
coveries 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. Atmofpheric air, as Scheele firft proved, is com- 
pofed of about 27 parts of oxygen and 73 of azotic gas. 
During combuftion, the oxygen is abftrafted and the 
azotic gas remains behind. 

La Metherie made an attempt to prove that azot 
was compofed of oxygen and carbon (w). He took a 
bit of burning charcoal, extinguilhed 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 confrft 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 poffibility of doubt, that 
oxygen and carbon form carbonic acid gas. They can- 
not then certainly form azot ; for two contradictory 
faCts cannot both be true. There mull then have been 
fomething overlooked in the experiment; Indeed the 
experiment itfelf does not warrant the conclufion which 
De La Metherie drew from it, He did not afeertain 
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 poftible for him to admit the charcoal 
into water without, at the fame time, admitting fome 
atmofpherical air ? 

We have now defcribed all the combuftibles 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 aft 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 neceftary, and that the degree 
of this heat was different for each. Hydrogen required 
a red heat, and azot a ftill greater. We have feet), 
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too, that during thefe combinations a quantity of heat 
and light efcaped. Now, why is heat neceffary for thefe ' 
combinations ? and whence come the heat and the light 
which we perceive during .the 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 lhall attempt, as foon as we have de- 
fcribed the metals and earths, which form the fubjeft of 
the two following chapters. 

Chap. III. fT/"Metals. 
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Metals may be confidered as the great inftruments Pmpeft'W 

of all our improvements : Without them, many of the°^ nieUl8’ 
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 ftation : at one 
period the whole fcience was confined to them ; and it 
may be faid to have owed its very exiftence to a rage 
for making and tranfmuting metals. ^ 

1. One of the moft confpicuous properties of the Luilr<% 
metals is a particular brilliancy which they poffefs, and 
which has been called the metallic lujlre. This proceeds 
from their reflefting 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 
balis. , 

2. They are abfolutely opaque, or impervious to Opacit' 
light, even after they have been reduced to very thin 
plates. Silver leaf, for inftance, -ryszrzstr an : 

thick, does not permit the fmalleft ray of light to pafs 
throught it. Gold, however, may be rendered tranf- 
parent; for gold leaf, an thick, tranf. - 
mits light of a lively green colour*: And it is not * fficbaU 
improbable that all the other metals, as Sir Ifaac Newton fan's h’otes 
fuppofed, would become tranfparent, if they could I'ourcroy,-- 
reduced to a fufficient degree of thinnefs. It is to this 
opacity* that a part of the excellence 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, Fufibility-, 
and even then ftill retain their opacity. This property 
enables us to call 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 conduftors of eleftricity than any 
other body. . ^ 

6. But one of their moft important properties is MaUeabili- 
malleability; by which is meant the capacity of beingT* 
extended and flattened when (truck 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 file malignus (azotic gas).componitur ex acre atmofpherico 
cum phlogijlo unito et quafi faiurato* . Atque idem confirmatur eo, quod aer qui metallorum calcinationi jam in- ~ 
ferviit, et phlogifton ab iis abripuit, ejufdem plane fit indolis.,, De aerc Mephitico, p. 20. 

(w) Or rather of hydrogen, for he confidered carbon kfelf as a compound. 
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to convert tlicm into tlis va.nous inftcuinents for which 
we have occaiion. All metals do Hot poiiefs to s pro- 
perty ; but it is remarkable that almolt all thofe which 
were known to the ancients have it. Heat increatca 
this property conliderably. 

y. Another property which is alio wanting in many 
of the metals, is duSility ; by which we mean the capa- 
city of being drawn out into wire by being forced 
throwm holes of various diameters. This property has 
by fome been called tenacity ; and it doubtlefs depends 
upon the tenacity of the various metals. 

Calcination When expofed to the adion of heat and air, molt 
cma-ion ^ ^ metals lofe their luftre, and are converted into 

earthy-like powders of different colours and propel ties, 
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 flrong 
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 com poled of earth 
compofitionand py0gijlon. He was of opinion that there was only 
of metals primitive earth-, which not only formed the bafis of 

all thofe fubftances known by the name of earths, but 
the bafis alfo of all the metals. He found, however, 
that it was impoffible to combine any mere earth with 
phlogifton; and concluded, therefore,with Beecher, that 
there was another principle befides earth and phlogif- 
ton, which entered into the compofitipn of the metals. 
To this principle Beecher gave the name of mercurial 
earth, becaufe, according to him, it exiited 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 flriking defeft was foon perceived in this theory. 
The original metal may again be produced by heating 
its calx along, with fome other fubliance 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 confe- 
quence of thefe obfervations, found themfelves 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 
folve this difficulty. According to him, earth and 

by ^Henkel, phlogifton are fubftances of fo oppolite a nature, that 
it is exceedingly difficult, or rather it has been hitherto 
impoffible, 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 ftate. 
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Improved 
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Were the calcination to be continued long enough to Metals, 
deprive them altogether of phlogifton, they would be 
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 redu&ion. This explanation 6$ 
was favourably received. But after the charadteriftic Farther im« 
properties of the various earths had been afcertained,Provec^' 
and the calces of metals were accurately examined, it 
was perceived that the calces differed in many 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, cherniftry 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 adlion of air, till Mr wi&t* 
voifier publiftied his celebrated experiments on calcinaT ‘ 
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 flender tube 
to admit of eafy fufion. This retort was heated flowly 
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 Davuiaer. 
by a little agitation to the bottom of the liquid metal : 
in fliort, 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 on 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 iuppo- 
fed, be owing to the fixation of fire (x). 

When the point of the retort was broken, the air 
ruflied in with a hiffiag noife, and the weight of the 
retort was increafed by ten grains. Ten grains of 
air, therefore, muft 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 

(x) 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 Boyk, II. 394. 
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Metals, air mull have united with the calx. The increafe of 
—■v'—”' weight, then, which metals experience during calcina- 

tion, is owing to their uniting with air (y). But all 
the air in the veflel 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 Lavoilier himfelf, 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 contact 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 abfolutely 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 veffel, no new fubilance 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 
be compofed of mercury and oxygen ; confequently 
there is no reafon whatever to fuppofe that mercury 
contains phlogifton. Its calcination is merely the adf 
of uniting it with oxygen (z). The calces of lead, 
filver, and gold, may be decompofed exactly in the fame 
manner ; and Mr Van Marum, by means of his great 
electrical machine, decompofed alfo thofe of tin, zinc, 
and antimony, and refolved them into their refpedtive 

Jour.de metals and oxygen *. The fame concluftons, therefore, 
hf-ifiS' muft be drawn with refpeA to thefe metals. All the 

metallic calces may be decompofed by prefenting to 
Suppl. Vol. I. Part I. 
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them fubftances which have a greater affinity for oxy- Metals, 
gen than they have This is the reafon that charcoal- 
powder is fo efficacious in reducing them : and if they 
are mixed with it, and heated in a proper veifel, fur- 
niftied with a pneumatic apparatus, it will be eafy to 
difcover what paffef). During the redudtion, 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 a<ft 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^ar’ 
oxidation, which were invented by the French chemifts. 
A metallic oxide fignifies a metal united with oxygen ; 
and oxidation implies the aft 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 diftinguiflied from 
one another by their colour. One of the oxides of iron, 
for inftance, is of a green colour ; it is therefore called 
ihegreen oxide ; the other, which is brown, is called the 
brown oxide. 

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 wray of eminence, becaufe they are poffefled either 
of malleability or duftility, or of both properties toge- 
ther ; the reft were called femimetals, becaufe they are 
brittle. But this diftinftion 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 
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(y) It is remarkable that John Rey, a phyficlan 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, afenbed the increafe of weight to the 
combination of metals with oxygen. Quippe vix concipi potejl (fays he), unde augmentum illud antimonii (calcinati) 
ni/i a particulis niiro-aereis igneifque inter calcinandum rixis procedat. Tract, p 28. Plane ut antimonii Jixatio non 
tam a fulphuris ejus externi 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 leront forces de reftreindre la doftrine 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, mais a fa combinaifon intime avec le jluide elajlique, dont le poids ajoute a celui du mer- 
cure eft la feconde caufe de 1’augmentation de pefanteur qu’on obferve dans les precipites que j’ai foumis a 
I’examen.” Jour, de Phyf 1774, pages 288, 295. It was in confequence of hearing Bayen’s paper read that 
Lavoifier was induced to turn his attention to the fubjeft. 

tr 
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four metals were formerly called nolle or perfect metals,, 
becaufe their oxides are reducible by the mere appli- 
cation of heat; the next four were impcrfeH metals, be- 
caufe their oxides were thought not reducible without 
the addition of fome combuilible fubftance ; but this 
diftin&iou alfo is now very properly exploded. 

Sect. I. Of Gold. 

Gold feems to have been known from the very be- 
ginning ot the world. Its properties and its fcarcity 
have rendered it more valuable than any other metal. 

It is of an orange red, or reddilh yellow colour, and 
has no perceptible tafte or frnell. 

No other fubftance 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 56I fquare 
inches. Thefe leaves are only tjVooTT an 

But the gold leaf with which filver wire is covered has 
only of that thicknefs. An ounce of gold, upon 
fdver wire, is capable of being extended more than 1300 
miles in length. 

Its tenacity is fucb, that a gold wire of an inch 
in diameter is capable of fupporting a weight of 500 

* Macquet'spounds without breaking *. 
Via. k Its hardnefs is 6(a); its fpecific gravity 19,3. It 

melts at 320 of Wedge wood’s pyrometer (b). When 
melted, it affumes a bright bluifh green colour. It ex- 
pands in the add of fufion, and confequently contracts 
while becoming folid more than moft metals ; a dr- 
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 
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 

+ Kirivan's for fome hours to the utmoft heat of Mr Parker’s lens f. 
AW.i.pi.Mr Lavoifier, however, obferved, that a piece of lilver, 

held over gold melted by a fire blown by oxygen gas, 
which produces a much greater heat than common air, 
was feniibly gilt: Part of the metal, then, mull have 
been volatilized. 

After fufion, it is capable of affuming a cryftalhne are as follows; 
form. Tillet and Mongez obtained it in ftiort qua- 
drangular pyramidal cryftals. 

It is capable of combining writh oxygen, and form- 
ing an oxide of gold. There are two methods of produ- 
cing this combination, the application of heat, and/o/u- 
tion in acids, ^/hen it is expofed to a very violent heat 

S T R Y. Parti. 
in contaft with air, gold abforbs oxygen. But the ' Gold- 
temperature muft be very high ; fo high, indeed, that v1J 

hardly any certain method of oxidating gold by heat 
is known, except by electricity. When the ele&ric ex- 
plolion is tranfmitted through gold leaf placed between 
two plates of glafs, or when a ftrong charge is made to 
fall on a gilded furface—-in both cafes the metal is oxi- 
dated, and affumes a purple colour. It has been laid 
alfo, that the fame effedt has been produced by a very 
violent fire ; but few of the inllances 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 dii- 
folved, and the liquid affumes a yellow colour. It is 
eafy to fee in what manner this folution is produced. 
No metal is foluble in acids till it has been reduced to 
the ftate of an oxide. There is a ftrong affinity be- 
tween the oxide of gold and muriatic acid. The ni- 
tric acid furnifhes oxygen to the gold, and the muria- 
tic acid diffolves 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 emiffion 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 
diffolved in wrater, or, which is much better, a little 
lime; both of which have a ftronger 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 veffels 
by the application of heat. The gold remains fixed, 
and the oxygen affumes the gafeous form. ’They may 
be decompofed, too, by all the fubitances which have 
a ftronger affinity with oxygen than gold has. The af- 
finities of the oxides of gold, according to Bergman * Beaman 

71 
Oxidation 
of gold. 

Muriatic acid, 
Nitro-muriatic, 
Nitric, 
Sulphuric, 
Arfenic, 
Fluoric, 

on h le&ivi 
AttraSham, 
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 underitood 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. . . . .f 
5, What will not yield to the nail, but eafily, and without gnttmefs, to the knife. 
6, That which yields more difficultly to the 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. 
9, That which gives a few feeble fparks with fteel. 
10, That which gives plentiful lively fparks. Kirwan's Mineralogy, I. 38. 
(b) According to the calculation of the Dijon academicians, it melts at 1298° kahr.; according to Berg- 

(c) This mixture, from its property of diffolving gold, was formerly called aqua regia (for gold, among the 
alchymifts, was the king of metals); it is now called nitro-muriatic acid. 
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Silver. Tartarous, 

Phofphoric, 
Sebacic, 
Prufilc, 
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 
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 cryllallized appear- 

ance. It was compofed of 23 parts of gold and one 
* Ann.de of phofphorus *. He formed the fame compound by 

71. dropping fmall pieces of phofphorus into gold in fu- 
f Hid. Xlii. fion f. 
I0^* Gold is alfo capable of combining with moft of the 

metals. Its affinities are placed, bv 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 Silver appears to have been known almoft as early 

Properties as gold. It is a metal of a Ihining white colour, with- 
ofhlver. out either tafte or fmell. 

It is the moft malleable and duftile of all metals ex- 
cept gold, and perhaps platinum. It can be reduced to 
leaves about °f an inch thick, and drawn into 
wire much finer than a human hair. 

Its tenacity is fuch, that a wire of filver, ^g-th of an 
inch in diameter, is capable of fuftaining 270 pounds 
wftffiout breaking 

Ma. Its hardnefs is 6,5 §. Its fpecific gravity, before 
ff™- hammering, is 10,474; after hammering, 10,5101| : for II nr,non. jt ;s remarkable that the fpecific gravity of almoft all 

the metals is increafed by hammering. 
It continues melted at 28° Wedgtwood (f), but re- 

f XW™’*quires a greater heat to bring it to fufion ^y. 
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 Silver, 
very violent heat. 1——y— 

When cooled (lowly, it aflumes 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 Giver, 
method Junker partly converted it into zglafs; 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 *Macqueds 
by diffolving 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 the f Kimvan't 
oxides, according to Bergman, are as follows ; Miner, ii. 

Muriatic acid, 4?3* 
Sebacic, 
Oxalic, 
Sulphuric, 
Saccholadtic, 
Phofphoric, 
Sulphurous, 
Nitric, 
Arfenic, 
Fluoric, 
Tartaric, 
Citric, 
Formic, 
Ladtic, 
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 ftlver. 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 is, 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 in a ftate of 
purity. 

If one ounce of filver, one ounce of phofphoric glafs, Phofphuret 
and two drams of charcoal, be mixed together, and of filver. 
heated in a crucible, phofphuret of fther is formed. It 

F f 2 is 

Is not their affinity confined to the purple oxide (d) Have the alkalies any affinity for the yellow oxide ? 
alone ? And does not this oxide a£fc as an acid i 

(e) Phofphoric acid evaporated to drynefs, and then fufed. 
(f) According to the Dijon academicians, it melts at 1044° Fahr- 5 according to Bergman, at looo0. 
(g) Metallic oxides, after fufion, are called^Za/}, becaufe they acquire a good deal of refemblance, in forae 

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 decompofes it 
by feparating the phofphorus *. Pelletier has obferved, 
that hlver in fufion is capable of combining with more 
phofphorus than folid filver : for when phofphuret of 
fdver 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 mafies ; the 
uppermoft of which was pure filver, the undermoll the 
whole gold combined with £th of fiber. 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 circumftance in any proportion ; 
but fubftances can combine chemically only in one pro- 
portion. This obfervation, which is certainly of im- 
portance, was fir ft made, as far as we know, by Mr 
Keir X- The alloy of filver and gold is of a greenifli 
colour; but its properties have not yet been accurately 
examined. 

Silver is not effefted 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 fulphuret of Jilver. He accounts for this 
tranfition of the filver into a fulphuret, by fuppofing 
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that a quantity of fulphur is conilantly formed and ex- Platinum, 
haled by living bodies *. 

The affinities of filver, according to Bergman, are as cw u 
follow's 141. 

79.. Itsaffinitie?, 
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 have been known to 
mankind from the earlieft ages, and have been always 
in high eftimation on account of their beauty, fcarcity, 
du&ility, 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 inDifcovery 
Peru, and in the mine of Santa Fe, near Carthagena.of Plati’ 
The workmen of thefe mines muft 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 I741* 
Soon after it was noticed by Don Antonio de Ulloa, 
a Spanifh mathematician, who had accompanied the 
French academicians to Peru in their voyage to mea- 
fure a degree of the meridian. In the year 1752 it 
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. 

l h ) Metals combined together are called alloys or allays. _ . c 
(1) Father Cortinovis, indeed, has attempted to prove that this metal was the elettrum or the ancients, oee 

the Chemical Annals of Brugnatelli, 1790.. That the elearum of the ancients was a metal, and a very valuable 
one, is evident from many of the ancient writers, particularly Homer. I he following lines ot Uaudian are 
alone fufficient to prove it : 

Atria cinxit ebur, trabibus folidatur ahenis 
Culmen et in celfas furgunt eledra 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 {hone 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 
muft have been pretty abundant, ffiould be perceptible in any part of the old continent • 

As the paffage of Pliny contains the fulleft account of elearum to be found in any ancient author, we ftia 1 
give it in his own words, that every one may have it in his power to judge whether or not the defcnption will 
apply to the platinum of the moderns. . . „ , „ . c „ , „ 

“Omni auro ineft argentum vario pondere.—Ubicunque quinta argenti portio eft, elearum vocatur. Scrobes 
ese reperiuntur in Canalienfi. Fit et cura eledrum argento addito. Quod fi qumtam portionem exceffit, incudi- 
bus non reftitit. Et ekaro auaoritas, Homero tefte, qui Menelai regiam auro, ekaro, argento, ebore fulgere 
tradit. Minervae templum habet Lindos infulse Rhodiorum in quo Helena facravit cahcem ex ekaro --Ekari na- 
tura eft ad lucernarum lumina clarius argento fplendere. Quod eft nativum, et venena depre en it. amque 
difcurrunt in calicibus arcus c,cekftibus fimiles cum igneo ftridore, et geminarationepraedicunt. —’Ll .xxxm.ctf/.iv 
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Platinum, album, white gold. Soon after it was examined by Lewis, 

*  ' Margraf,Macquer andBeaume, Morveau, Bergman, and 
81 many other illuftrious chemijts. 

Its proper- Platinum, when pure, is of a white colour like filver, 
tie5, but not fo bright (k). It has no tafte nor fmell. 

It is both duftile and malleable ; but the precife de- 
gree has not yet been afcevtained. It has been drawn 
into a wire of of an inch in diameter. This wire 
admitted of being flattened, and had more {Length than 

* Withering a wire of filver'or gold of the fame fize *. 
It is exceedingly difficult to fufe it. Mefcquer 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'{'> Its fpecific gravity, after being 
hammered, is 23,000 ; fo that it is by far the heavietf 
body known. 

Some of the experiments which have been made on 
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 diflblving 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 
beft known poflefles, as Mr Berthollet has proved, the 
properties of an acid. 

The fulphuret of platinum is unknown. 
By mixing together an ounce of platinum, an ounce 

of plati-101 °f phofphoric glafs, and a dram of powdered charcoal, 
num. and applving a heat of about $2° 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 blackilh glafs. It was of a filver white colour, very 
brittle, and hard enough to ftrike fire with fteel. When 
expofed to a fire ftrong enough to melt it, the phofj 

■J Ann.de phorus was difengaged, and burnt on the furface J. 
mm. i. 71. j-ie 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 ealy method of pu-, 
rifying platinum $. 

Platinum does not feem capable of combining with 
carbon. 

It is not in the leaft affe&ed by the adfion of water 
83 or air. 

Alloys of 1. When gold and platinum are expofed to a flrong 
platinum, t}iey combine, and form an alloy of a much whi- 

ter colour, but nearly as dudfile 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 Itrong heat is neceflary), 
they form a mixture, not fo dudlile as filver, but harder 
and lefs, white. The two metals are feparated by keep- 

§ Hid. xiii. 
IOJ. 
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jng them for fome time in the Hate of fufion ; the pla- Mercury. ^ 
tinum finking to the bottom from its weight. T. his 
circumftance would induce one to fuppofe that there is 
very little affinity between them. 

Sect. IV. Of Mercury. 

Mercury, called alfo quickjilver, was known to the 
ancients, and feems to have been employed by them in 
gilding. _ 84 

It is of a white colour, exactly like that of polilhed pr0pertjes 
filver. It has no tafte, but acquires a flight odour when 0f mercury, 
rubbed between the hands. 

Its fpecific gravity is 13,568. * njjon. 
It differs from all other metals in always exifting, at 

the common temperature of the atmofphere, in a ftate 
of fluidity. It freezes at -390 + ; or, which is the famef See 
thing, it ceafes to be a folid, and melts whenever it 
placed in a temperature above -390. It boils at the jtanj' 
temperature of 6oo°, 

From the experiments made on frozen mercury in 
Ruffin, Hudfon’s Bay, and Britain, we know that this 
metal, when folid, is malleable j but the extreme 01 l- 
ficulty of examining it in that ftate, on account of the 
lownefs of the temperature, has rendered it hitherto im- 
poffible to afeertain the precife degree either of its mal- 
leability, dudlility, or hardnefs. ^ _ 8y 

Mercury is capable of combining with oxygen, andj^ forms « 
of forming oxides, differing from each other in the quan-three ox- 
tity of oxygen which they contain. The oxides of mer-i^es> 
cury, at prefent known, are the blacky the yellow, and 
the red. ... 85 

1. When mercury is agitated for fome time in con-’g}ie 
taft with oxygen gas, or atmofpheric air, it is partly oxide, 
converted into a greyiflr black powder, and at the iame 
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 aftually combined with oxygen. ^ 

2. The beft way of forming the yellow oxide is to yeuow 
diffolve mercury, either in boiling fulphuric acid or in oxide, 
cold nitric acid. During.its folution, it deprives thefe. 
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 water. It is a 
bright yellow-coloured powder, which afts 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^;. = 1 Kir-wan's 

3. The red 'oxide of mercury may be prepared, either Miw. n. 
by diftilliug nitric acid off• the metal repeatedly,, or by^8?-^ 
keeping mercury for a long time expofed to a heat fuffi-.And re(| 
cient to evaporate it while it is in contact 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 cry ftals, which 
have fome efcharotic qualities. Wfien prepared by the 
fecond procefs, the heat muft not be much below 6qoq 

nor much above 8oo°, otherwife no union would take 
place ; 

(k) To this colour it owes its name, . Plata, in Spanilh, is filver; ^plahna, little fiver, was the name firft 
given 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 Kirwan, it appears to contain 

^92,6 parts of mercury and 7,4 of oxygen*. 
Thefe 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 (u)? 
Saccholadlic, 
Tartarous, 
Citric, 
Sulphurous, 
Nitric, 
Fluoric, 
Zoonic(ivi)? 
Acetous, 
Boracic, 
Prnffic, 
Carbonic. 

When two parts of mercury and three parts of flowers 
of fulphur 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- 
phnret 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 pellle, black oxide of mercury is pro- 
duced. Add to this 160 grains of potafs, diflblved in 
as much water. Heat the veffel 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 conlbntly 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- 
fifteuce of a gelly, the red colour becomes more and 
more bright, with an incredible degree of quicknefs. 
The inftant the colour has acquired its utmoft beauty, 
the heat muft be withdrawn, otherwife 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 
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above deferibed has been lately difeovered by Mr Kir- Mercury. 
choft, and is by far the fimpleft and cheapeft mode of 
forming red fulphuret wdth which wx are acquainted*. *Ntchdfunf 
Count De Mouffin Poufchin has difeovered, that its paf-7«^r«. ii. iv 
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 fewr drops of water, and to agitate the 
mixture from time to time. During this expofure, the 
red colour gradually improves, and at laft 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; w'hen taken from 
the fire it pafles inftantly to a beautiful carmine redf. f /£/</. p. 7. 

The difference between thefe two fulphurets has never 
yet been afeertained. One would be apt to fufpedt at 
firtt 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 incontcftibly; 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 fufpedted 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 
veffel, to the bottom of which a red heat is applied. 
A reddiih brown fubftance fublimes, which is red ful- 
phuret of mercury ; but its colour is not nearly equal to 
that which is prepared by Kirchoff’s procefs. 

Mr Pelletier, after feveral unfuccefsful attempts tophoiphuret 
form phofphuret of mercury, at laft fucceeded 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 capable of being cut with 
a knife. When expofed to the air, it exhaled vapours 
of phofphorus J. * 

Mercury does not feem capable of combining with X1'U 

carbon. 
The combinations of mercury with the other metalsjts an^al. 

are called amalgams. gams. 
1. The amalgam of gold forms very readily, becaufe 

there is a very ftrong affinity between the two metals. 
If a bit of gold be dipped into mercury, its furface, by 
combining with mercury, becomes as white as filver. 

The 

(l) Benzoat of mercury is decompofed by fulphuric acid. Tromfclorf, Ann. de China, xi. 316. 
( m ) Zoonic acid decompofes the acetite of mercury. Berthollet. 
(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 ilicis, well known as a red dye. Vermilion originally fig- 
nified the red dye of the kermes. See Beckmann’s Hijl. of Inventionst ii. 180. 
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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 eafily determined, 
becaufe the amalgam has an affinity both for the gold 
and the mercury ; in confequence of which they appear 
to combine in any proportion. Moll probably it is 
compofed of two parts of gold and one of mercury. 
The combination is formed mod readily in thefe pro- 
portions ; and if too much mercury be added, it may 
be feparated by filtration. The amalgam is of a white 
colour, and of the confidence of butter*. This amal- 
gam crydallizes in quadrangular prifms ; which cry- 
ftals, 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 cry dais, which, according to 
the Dijon academicians, contain eight parts of mercury 
and one of filver-. Gellert was the nrlt who remarked 
that its fpecifie gravity was greater than that of mer- 
cury, though that of filver be lefs. 

3. Dr Lewis attempted to form an amalgam of pla- 
tinum, but hardly fucceeded after a labour which laded 
for feveral weeks. Mr Morveau fucceeded by means of 
heat f. But a much more expeditious method has 

xxiv. 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 mercitry in a mortar of chal- 
cedony. In a few minutes the fait became brown, and 
afterwards acquired a greeniffi {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 iix drams made the amalgam 
perfefl. The whole operation fcarce lalled 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 moil delicate feals, and 
had a very clofe and brilliant grain. This amalgam is 
decompofed, and the mercury pafies to the {late of 
black oxide by the fimple contaft of feveral of the me- 
tals and a great number of animal matters. This efFe£l 

$ Uid. even takes place on rubbing it between the fingers J. 
94 The affinities of mercury, as afeertained by the expe- 

Affimties. r{ments 0f 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 
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more early known than any other metal. In tne firll Copper. ^ 
ages of the wmrld, before the method of working iron * 
was difeovered, copper was a principal ingredient in all 
domeftic utenfils and inftruments of wax*. Even during 
the Trojan war, as we learn from Homer, the comba- 
tants had no other armour but what was made of 
bronze, udiich is a mixture of copper and tin. I he 
word copper is derived from the ifland of Cyprus, where 
it was firft difeovered, or at leail wrought to any ex- 
tent, by the Greeks. _ 95 

Copper is of a pale red colour with a fhade of yd-Properties 
low. Its taile is (lyptic and naufeous ; and when rub-of copper, 
bed it emits a difagreeable fmell. It pofieffes a confi- 
derable degree of malleability, though lefs than filver. 
Its tenacity is fuch, that a wire of f-Q of an inch in dia- 
meter can fuftain a weight of 2995: pounds without 
breaking*. *Macquer*» 

Its hardnefs is 8f. Its fpecific gravity, when not Dili 
hammered, is 7,788 ; when wire-drawn, 8,878^;. The 
fpecific gravity of Japan copper is 9,000J ; that 
Swedifh copper, 9,3243 [|. _ f Brijfon. 

It melts at 270 Wedgewood ; according to the cal-§ Kdr's 
culation of the Dijon academicians, at 1^49° Fahrenheit. 
When allowed to cool {lowly, it aflumes a cryftalline ' 
form. The Abbe Monge, to whom we owe many p Bergman, 
valuable experiments on the cryftalhzation of metals, ii. 263. 
informs us, that thefe cryftals are quadrangular pyra- 
mids, frequently inferted into one another. pg 

When copper is heated red hot in contadl with air, Brown 
it is foon covered with a brown earthy cruft, which mayoxlde of 

be eaiily feparated by- hammering or by plunging the me-cod,e 

tal into water. If the heat be continued, another fcale 
of the fame kind foou forms ; and by continuing the 
proctfs 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 Ironvn oxide of copper. 
It is compofed of about 84 parts of copper and 16 of 
oxygen*! . , 

When copper is diffolved in fulphuric acid, and pre- II" 
cipitated by means of lime, it falls in the form of a blue- ^ 
coloured powder, which is the. blue oxide of copper. If Blue and 
this oxide of copper be dried in the open air, it afiumes 
a green colour, and is then called t he green oxide of cop- 
per. This laft oxide may alfo be produced by diftilling 
a fufficient quantity of nitric acid off copper. Little 
fatisfaftory is yet known with refpect 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 ; becaufe the blue oxide affumes 
a green colour when expofed for fome time to the open 
air, during w'hich it may be fuppofed to abforb oxygen. 
An experiment of Fourcroy proves inconteftibly, that 
the brown oxide contains lefs oxygen than the green. 
He converted the green oxide into the brown byapplying 
heat; and during the diftillation obtained oxygen gasj-. f Fourcrey 

The affinities of the oxides of copper, according to“*’ ICI- 
Bergman, are as follows: _ Thef/affL 

Pyro-mucous acid J nities. 
Oxalic, | Scbrichl. 

Tartarous, 

(o) Ammonia is au alkali hereafter to be deferibed. It is often called, in Engliffi, hartfhorn. 
(p) We {hall have occafion to confider thefe celebrated experiments afterwards. 
(c^) Thefe two are added from Bergman. Bergman places had before tin, and zinc before- bifmuth. 
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Tartarous, 
Muriatic, 
Sulphuric, 
Saccliola£tic, 
Nitric, 
Sebacic, 
Arfenic, 
Phofphoric, 
Succinic, 
Fluoric, 
Citric, 
Formic, 
JLa&ic, 
Acetous, 
Boracic, 
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 tem- 
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 Kirwan’s experiments, of 81 parts of copper 

* Kirtvans and i p of fulphur*. 
■Miner, ii. iyjr pt]letier formed phofphuret of copper by melting 
■50S‘ioo together one ounce of copper, one ounce of phofphoric 
Phofphuret glafs* and one dram of charcoal. It was of a white 
of copper, colour. On expofure to the air, it loft its luftre and 
^ Atin. de became blackifhf. Margraf was the firft perfon that 
Chim. i. 74*iformed 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 

t Ibid. xiii. parts of phofphorus and 80 of copper J. This phof- 
phuret is harder than iron : It is not dudlile, and yet 
cannot eaftly be pulverifed. Its fpecific gravity is 
7,1220. It cryftallizes in tetrahedral prifms$. 

1. Copper combines i-eadily with gold when the two 
xxxviii. 468. metals are melted together. The compound is of a 

reddilh colour, more fufible than gold, but lefs duftile. 
The proportions of the ingredients which form this al- 
loy are not known ; nor would it be eafy to afcertain 
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 ftlver 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. 

§ SaSe 

fourn. de 
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. 3. Platinum combines readily with copper. The al- lron- 

loy is much more fufible than platinum ; it is dudlile, ‘'’““"V'— 
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. 10a . 

The affinities of copper are, according to Bergman,Usafliniticj 
&.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. 
10 5 

Iron, the moft abundant and moft ufeful of all theDifcovery 
metals, was neither known fo early, nor wrought fo°Hron. 
eafily, as gold, filver, and copper. For its difcovery 
we muft 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 bom 
about 1635 years before Chrift) furnifh us with the 
ampleft proof at how early a period it was known in 
Egypt and Phoenicia. Fie mentions furnaces for work- 
ing iron*, ores from which it was extraftedf ; an(lSj-)eut ;v 
tells us that fwords £, knives $, axes ||, and tools for ao< 
cutting ftones ^f, were then made of that metal. Howt Ibid. viii. 
many ages before the birth of Mofes iron muft have9- 
been difcovered in thefe countries, we may perhaps con-^^11^” 
ceive, if we reflect, that the knowledge of iron was ^ Levit. i. 
brought over from Phrygia to Greece by the Da6tyli*,i7. 
who fettled in Crete during the reign of Minos I. about || Deut* 
1431 years before Chrift ; yet during the Trojan war> trVi/^ixvil 
which happened 200 years after that period, iron was^ 
in fuch high eftimation, that Achilles propofed a ball* Hefod, as 
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) Avrxg S'oxtv iroKoti Kuro^ooivov, 
'Ov xptv ftcv ptTTTacrx.! feiya Herivtoc' 
AK\’ itroi rov erfpvi ‘aroJ'ecpKv: Sio{ A^tKAiVi’, 
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It have taken the Egyptians, Phrygians, Chalybes, or 
whatever nation fidt difeovered 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 bluifii grey colour. 
It has a ftyptic tafte, and emits a fmell when rubbed. 

It is malleable and duftile in every temperature ; and 
its malleability is increafed in proportion as the tempe- 
rature augments. Its tenacity is fuch, that an iron 
wire Vo of an inch in diameter fuftains a weight of 450 

* Mac quo's 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 iufufible in the ftrongell heats hi- 
therto produced. 

It is attrafted by the magnet or loadftone, and is it- 
felf capable of becoming magnetic ; but it retains this 
property only for a very ihort 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 
moiil air, or when plunged in water ; becaufe it has a 
ftronger affinity for oxygen than hydrogen has, and is 
therefore capable of decompofing water. 

Mr Proull 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 

t Ann. de two in various proportions-j-. 

S^andA^' The green oxide may be obtained by diffolving iron in 
cholfons ^fulphuric acid, and then precipitating it by potafs. It 
-Journal, i. is a light, green-coloured, earthy-like fubftance, com- 
45.V pofed, as Mr Lavoiiier has fhewn, of 27 parts of oxy- 

Sen» ant^ 73 ’ron t- 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, 
Tartarous, 
Camphoric 
Sulphuric, 
Saccholadlic, 
Muriatic, 
Pyromucous jj, 
Nitric, 
Sebacic, 
Phofphoric, 
Arfenic, 
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Fluoric,' 
Succinic, 
Citric, 
Formic, 
La&ic, 
Acetous, 
Boracic, 
Pruffic, 
Carbonic. 

Iron unites readily with fulphur. Sulphuret of iron, Sulphuret. 
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 fulphur, and consequent- 
ly, if there happens to beany 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 browniffi colour, and is capable of 
affuming a cryftalline form. Its fpecific gravity is a- 
bout 4,000. When placed upon the fire it precipi- 
tates j 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 bluiffi flag, fomewhat porous 
internally *. When expofed to air and moifture, the * KU-wan'i 
fulphur, as happens in all fulphurets, gradually abforbs 
oxygen, and is converted into an acid. 7^- 

If iron filings and fulphur be mixed together, and 
formed into a pafte 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 firll difeovered by Homberg ; 
and it is coniidered 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 P1 ’0<! 
phofphuret of iron; to which Bergman, who firll difco-‘ret°

P U" 
vered it, gave the name offiderum. 

There is a particular kind of iron, known by the 
name oi coldfhort 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 
inveftigation ; and both of them difeovered, nearly at 
the fame time, that, by means of fulphuric 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 fufible as copper; and when combined with iron 
rendered it cold Jhort. Both of them concluded that 
this fubitance was a new metal; and Bergman gave it 
the name oi fderum. But Ivlaproth foon after recol- 
lecting that the fait compofed of phofphoric acid and 
iron bore a great refemblance to the white powder ob- 
tained from cold fliort iron, fufpefted the prefence of 

G g phofphorie 

Tov D crytr c» vuicrtri iruy aWoim KTiaretrtri. 
Sri) S’ ofSof, xai /tcu0ov tv Apy&oia-tv {forty* 

OgvvtrS', 0! Kdl tutu xcQxh XttpttOttT&l"! 
E« ol fta-Wct irowoi airoxpiti xionc ay pit, 
'E^ft pen xat riptxxopctvvc tviaorHf 
Xpiapcivof « peev yetp ol areptfiopetyof yf crtSnga 
notpinv, vt' ttpnnp, aa' tf xoAtv, «AA« xapt^u. Iliad, xxiii, 1. 826. 
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phofpboric 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 exaftly refembling the new 
metal Meyer, when Klaproth communicated to him 
this difeovery, informed him that he had already latis- 
fied himfelf, by a more accurate examination, that hde- 
rum contained phofphoric acid. Soon after this Scheele 
aftually decompofed the white powder obtained from 
cold fhort iron, and thereby demonftrated, that it was 
compofed of pbofphoric acid and iron. 1 he fiderum 
of Bergman, however, is compofed of phofphorus and 
iron, the phofphoric acid being deprived of its oxygen 
during the reduttion ; or it is phofphuret of iron, it 
may be formed by fufing in a crucible an ounce ot phoi- 
phoric glafs, an ounce of iron, and hall 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 diffipated *. It may be formed alfo 
by melting together equal parts of phofphoric glats and 
iron filings. Part of the iron combines with the oxy- 
gen of the phofphoric glafs, and is vitrified ; the relt 
forms the phofphuret, which finks to the bottom of the 
crucible. It may be formed alfo by dropping fmali 
bits of phofphorus into iron filings heated red hot t- 
The proportions of the ingredients of this phofpuret 
have not yet been determined. 

Iron likewife combines with carbon, and lorms a 
carburet. Carburet of iron has been long known and 
ufed in the arts under the names of plumbago and War* 
lead It is of a dark iron grey or blue colour, and has 
lomething of a metallic luftre. It has a greafy feel, and 
blackens the fingers, or any other fubftance to which it 
is applied. It is found in many parts of the world, ei- 
recially in England, where it is manufaftured into pen- 
cils It is not affefted by the moft violent heat as long 
as air is excluded, nor is it in the leaft altered by fimple 
expofure to the air, or to water. Its nature was firit 
inveftigated by Scheele ; 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, bad been converted into carbonic acid gas. By 
the fubfequent experiments of Pelletier and other French 
chemifts, it has been (hewn to confilt nearly of nine 
parts of carbon to one of iron. 

CHEMISTRY. Part I* 

To decide the leaft it acquires this property by being immerfed while bon. 
ignited into a cold liquid : for this immerfion, though ' r—-* 
it has no effeft upon iron, adds greatly to the hardnefs 
of Jled. 

It is brittle, refifts 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 railed 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 *. _ * 

Cast Iron is diltinguifhed by the following pro./0« on 
perties : _ PHI, 

It is fcarcely malleable at any temperature. It is ge- irp' 
nerally fo hard as to refift the file. It can neither be Caii ^on> 
hardened nor foftened as fteel can by ignition and cool- 
ing. It is exceedingly brittle. It melts at 130° Wedge- 
wood. It is more fonorous than fteel f. f Ibid, 

Caft iron is converted into wrought iron by expofing it 
for a confiderable time in a furnace to a heat fufficiently 
ftrong to melt it. During the procefs it is conftantly 
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 emiflion of an 
elaftic fluid If. _ 1 BedJoes, 

Wrought iron may be converted into fteel by being .PW/. Tranf 
kept for fome hours in a ftrong red heat, furrounded 
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, Caefe of 
and the converting of them into each other has been thefe va- 
praftifed in very remote ages. Many attempts haverietief' 
been made to explain the manner in which this conver- 
fion is accomplifhed. According to Pliny, fteel owes 
its peculiar properties chiefly to the water into which it 
is plunged in order to be cooled §. Beccber fuppofed^ 
that fire was the only agent; that it entered into the 1.xxxiv. 14* 
iron, and converted it into fteel. Reaumur was the firil 

>arts of carbon to one o iron.. v- fl ar- who attended accurately to the procefs; and his mime 
„ cye«ai„iy 

under one or other of the three foUow- 
ing ftates: Wrought iron (or Amply non),pel, and cajl 
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 fome 
fmall mixture of foreign fubftances. Thefe fubftances 
are either fome of the other metals, or oxygen, carbon, 
or phofphorus. 1 r n • 

Steel is diftinguifhed from iron by the following 

^ It is fo hard as to be unmalleable while cold, or at 

rous experiments have certainly contributed to elucidate 
the fubjeft. He fuppoftd 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, publiihed in 
1781, that firft paved the way to the explanation of 
the nature of thefe different fpecies of iron. 

By diffolving in diluted fulphuric acid 100 parts of caft 
iron, he obtained 40 ounce meafures of hydrogen; from 
Jooparts of fteel he obtained 48 ounce meafures; andfrom 
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 chemiftry is called reduWion, 
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Iron, tained, wltli the more oxygen does the iron combine. 

v—"'■v "" .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 mull 
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 

Ifolution 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 caff iron Bergman obtained 2,2 
of plumbago, or 5T; from 100 parts of ffeel, 0,5, or 

; and from 100 parts of wrought iron, 0,12, or 
•5-^. Now plumbago is compofed of x%ths of carbon; 
caff iron therefore contains a confiderable quantity of 
carbon, flee! a fmaller quantity, and wrought iron a ve- 
ry minute portion, which diminifhes according to its pu- 
rity, and would vanifh altogether if iron could be ob- 
tained perfectly pure. Mr Gi ignon, in his notes on this 
analyfis, endeavoured to prove that plumbago was not 
effentially a part of caff iron and fleel, but that it was 
merely accidentally prefent But Bergman, after confr- 

I dering his objedffons, wrote to Morveau on the 18th No- 
vember 1783. “ I will acknowledge my miftake when- 
ever Mr Grignon fends me a fmgle bit of caff iron or fleel 
which does not contain plumbago; and I beg of you, my 
dear friend, to endeavour to difcover fome fuch, and to 
fend them to me ; for if I am wrong, I wifh to be unde- 

* Mm-wj!/,ceived as foon as poflible This was almofl the laft 
Encyd. Me- adlion of the illuftrious Bergman. He died a few months 
tbod. Chi ^ after at the age of 49, leaving behind him a mofl bril- 

i me, 1. 440. jjant reputation, which no man ever more defervedly 
acquired. His induflry, his indefatigable, his aflonifh- 
ing induftry, would alone have contributed much to ef- 
tablifh his name ; his extenfive knowledge would alone 
have attrafted 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 charadlers 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 fubflance, 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 afcertained ; Dr 
Pearfon fixes it at -j-^th part at a medium. Steel, in 
confequence of its compofition, has been called by fome 
c\\exn\i\.s carburet of iron ; but before afiigning 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 exift in fleel, or that l1,0"- 
which forms plumbago ? In the firft cafe, plumbago is 
carburet of iron combined with carbon ; in the fecond, 
fteel 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. 

Caji 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 filiea (x). 

Bergman found a quantity of manganefe in the iron 
and fteel which he 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 * 
with great care, and contrived his procefles with much ^ 
ingenuity. The refult of his analyfis is as follows : journal, i. 

rCarbon,  ^n ~ 200 

Firfl fteel, compofed of i i Phofphorus, - 
{.Iron, ‘ 

0,00789' us 
0,003 1 $ Vauque- 
0,00345 bn s anaIy- 
0,9855 l ^ee^* 

r Carbon, 

Second fteel, compofed of r 1 rhofphorus, 
{.Iron, - 

0,00683 
0,00273 
0,00827 
0,98217 

f Carbon, 

’i rhofphorus, 
Iron, - 

0,00789 
0,00315 
0,00791 
0,98105 

rCarbon, 

Fourth fteel, cotupofeft of j 

(.Iron, - 

0,00631' 
0,00252 
0,01520 
°>97597 

1 

It cannot be concluded from thefe experiments that 
all fteel contains phofphorus and filiea ; far lefs that 
thefe fubftances enter neceffarily into the compofition 
of fteel. This may be the cafe, and former analyfes may 
not have been nice enough to detedft it ; but before it 
can be admitted, it muft be fhewn that thefe fubftances 
are always prefent in fteel, and that it lofes its eflential 
properties when deprived of them. 

Iron combines with moll metals. 
1. The alloy of gold and iron is very hard, and might, Alloys of 

according to Dr Lewis, who examined it, be employed iron, 
with advantage in forming cutting inftruments. 

2. That iron combines with filver is certain, but 
hardly any thing is known about the nature of the 
compound. 

3. Platinum is ufually found alloyed with iron. Dr 
Lewis did not fucceed in his attempts to unite tbefe 

G- g 2 metals 

(x) An earth which (hall be deferibed in the next chapter. 
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metals by fufion, but he melted together call iron and 
platinum. The alloy was excefiively hard, and pofiefled 
duftility. 

4. There h very little affinity between iron and mer- 
cury ; they cannot therefore be amalgamated by iimple 
mixture, even with the affidance of heat. Vogel affirms 
that he has produced an amalgam of iron by the follow- 
ing procefs : 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 
fubilances be thoroughly mixed. Pour on a little wa- 
ter, and continue the trituration for about an hour. If 
then no particles of iron can be didinguifhed, 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 conhderable difficulty. The alloy has been ap- 
plied to no ufe. 

, 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 alkali. 
Carbon ? 
Phofphorus ? 
Sulphur ? 

Sect. VII. 0/ Tin. 
The Phcnicians were the fird of thofe nations which 

make a figure in ancient hiftory 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 pienod they imported 
this metal we may eafily conceive, if we recoiled! that 
it was in common ufe in the time of Mofes J. 

Tin is of a greyidi white colour : it has a drong dif- 
agreeable tade, and emits a peculiar fmell when rub- 
bed- ' 

It is very malleable ; tin-leaf, or tinfoil as it is called, 
is about -rsVoth part of an inch thick, and it might be 
beat out into leaves as thin again if fuch were wanted 
for the purpofes of art. Its duftility, however, is ex- 
ceedingly imperfect; for a tin wire Voth of an inch in 
diameter, is capable of fupporting only 49 pounds with- 

^ MacquersOXit breaking $. It is very flexible, and produces a crack- 
Diakuary; ling noife when bended. M .van s pts }iarjncfs is 6 ||. Its fpecific gravity is 7>29r > 

after hammering, 7,299 *jj. 
It melts at the temperature 41 ©°, according to Dr 

Lewis; according to the Dijon academicians, at 419°* 
When heated red hot in clofe veffels it fublimes. It 

S T R Y. 
Tin unites very readily with oxygen. When heated 

in contaff with air, its furface foon becomes covered 
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 
JFourcroy, 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 * 
is gradually fublimed. If the fublimate be examined, 
it is found to confift 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 attradlion for oxygen 
than azot has, decompofes the acid with the greateft 
rapidity, and aflurnes 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 

Jlar.nic acid. It feems to confift of about 77 parts of tin 
and 23 of oxygen f. . \Kir’tvan» 

The affinities of the grey oxide of tin, according to n* 
Bergman, are as follows : 

t fllny, 1. 
A- c. 34. 
end 1. 34. c. 
47* 

f Numbers, 
xxxi. li. 

118 
Properties 
of tin: 

/Miner, ii. 
l9S,./r ^ BriJJon. 
* Pajot, 
your, de 

xxxviii. j:. cryftaliizes in the form of a rhomboidal prifm 

Pyromucous acid I Seb/icletL 
Sebacic acid. 
Tartaric, 
Muriatic, 
Sulphuric, 
Oxalic, 
Arfenic, 
Phofphoric,. 
Nitric, 
Succinic, 
Fluoric, 
Sacchola&ic, 
Citric, 
Formic, 
Ladlic, 
Acetous, 
Boracic,. 
Pruffic., 

120- 
Tin combines readily with fulphur. This fulphuret Sulphvret*# 

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 cryftallizing. According to Bergman, it is 
compofed of 80 parts of tin and 20 of fulphur ; accord- 
ing to Pelletier, of 8; parts of tin and 15 of fulphur §. § Ann.dt 

Sulphur likewife combines with the white oxide of xiii. 
tin, by mixing them together, and applying a- gentle2 '■ 
heat |). This compound has been called aurum mufivum. y pdletitr. 
It is a. mafs confifting ol beautiful gold-coloured flakes, 7i;V.p. ip/- 
and is ufed as a paint. It is compofed of about 40 parts 
of fulphur and 60 of white oxide of tin f[. The procefs ^ Ibid. 253- 
for making this fubftance was formerly very complica- 
ted. Pelletier firft demonftrated its real compofition, 
and was hence enabled to make many important im- 
provements in the manner of manufafturing it . \iemoire 

Phofphorus is eafily combined with tin, by melting in 
a crucible equal parts of filings of tin and phofpbonc chimt xiu, 
glafs. Tin has a greater affinity for oxygen than phof- *80. 
pherus has. Part of the metal therefore combines phoqj*u, 

ret, 
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Alloys, 

the oxygen of the glafs during the fufion, and flies off 
1 in the ftate of an oxide, and the reft of the tin combines 
with the pbofphorus. The phofphuret of tin may be 
eut with a knife ; it extends under the hammer, but fe- 
parates in laminae. When newly cut it has the colour 
of filver ; its filings referable thofe of lead. When thefe 
filings are thrown on burning coals, the phufphorus 
takes fire. This phofphuret may likewufe be formed by 
dropping phofphorus gradually into melted tin. Ac- 
cording to Pelletier, to whofe 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- 
rus*. Margraf alfo formed this phofphuret, but he 
was ignorant of its compofition. 

Tin does not feem capable of combining with car- 
bon. -It is capable of combining with moft 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 pofleffed of confiderable dudlility. Gold aiioyed 
with no more than TVth of tin is fcarcely altered m its 

f AFchcme, properties, according to Mr Alchorne-f-; but Mr 1 illet, 
ShU. Iran/. w}10 Pag 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 Zcw//.proportions^. 
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 bell-metal. The 
proportions of the ingredients cannot eafily be afiigned, 
perhaps becaufe the alloys 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 inftance, the alloy 
is called bron%e : it is brittle, yellow', and much heavier 
than copper; much more fufible, and lefs liable to be al- 
tered by expofure to the air. It was this alloy whicli the 

■r ancients ufed for ffiarp-edged inftruments before the me- 
thod of working iron was brought to perfeftion. The 

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 

Piyf. 1790. evident from their adhefion when iron is dipt into melt- 
123 ed tin. This is the method of making tinplate. 

And affim- The affinities of tin, according to Bergman, areas 
follows: 

Zinc, 
Mercury, 
Copper, 
Antimony, 
Gold, 
Silver, 
Lead, 
Iron, 
Manganefe, 
Nickel, 
Arfenic, 
Platinum, 
Bifmuth,- 
Cobalt, 
Sulphuret of alkali, 
Oxygen ? 
Sulphur ? 
Phofphorus ? 

Sect. VIII. Of Lead. 

Lead appears to have been very early knowm. It is 
mentioned ieveral times by Mofes. The ancients feem 
to have confidered it as nearly related to tin. ^ 

Lead is of a bluifb white colour, fomewhat darkerpr0per[jes 
than tin. When newly melted it is very bright, butoflead.- 
foon becomes tarniffied by expofure to the air. It has 
fcarcely airy tafte, but emits on friftion a peculiar fmell. 

It is very malleable, and may be reduced to thin 
plates by the hammer ; but its duflility is very im- 
perfeft : a wire of lead Vo-th of an inch in diameter is 
only capable of fupporting a weight of 29^ pounds*. *M<icquers 

Its hardnefs is yf ; its fpecific gravity is 11,3J23J 
Its fpecific gravity is not increafed by hammering, nei- ^ ” 
ther does it become harder, as is the cafe with other me-aoa. 
tals: a proof that the hardnefs which metals aflume un-1 Brtfln. 
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°. When 
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$. ^ Jour.de 

Lead llains paper or the fingers of a bluiffi black co-Phyf. 
lour. xxiviii.53. 

There is a ftrong affinity between this metal and oxy-jt_ 
gen. When nitric acid is poured upon it, an effervef- 
eence enfues. owing to t he decompofition 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 waffiing 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 
of this oxide are, according to Bergman, as follows: Miner, ii. 

{ See 
Dize’s A- 
nalyfts. 
Jour, de 

tics of tin. 

Sulphuric acid, 
Sebacic, 
Sacchola£tic, 
Oxalic, 
Arfenic, 
Tartarous, 
Phofphoric, 
Muriatic, 

4P9* 

Benzoic* 
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Benzoic (u) ? 
Sulphurous^ 
Suberic?! , v 
Zoonic ? J 'U' 
Nitric, ' * 
Pyromucous (v) ? 
Fluoric, 
Citric, 
Formic, 
Ladtic, 
Acetous, 
Boracic, 
Pruflic, 
Carbonic, 
Fixed alkali. 

When lead is expofed to heat in conta& with 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 
a 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 12 of oxygen *. 

The manner in which thefe changes are brought 
about is evident ; the metal gradually abforbs oxygen 
from the atmofphere. This has been actually 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 lead, 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 fufibie 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 

Kirivans of fulphurf. 
Miner, ii. Phofphuret of lead may be formed by mixing toge- 

ther equal parts of filings of lead and phofphoric glafs, 
and fufing 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 {hade of blue, but it foon 
tarnifhes when expofed to the air. I his phofphuret 
may alfo be formed by dropping phofphorus into melt- 
ed lead. It is compofed of about 12 parts of phof- 

1 Pelletier, phorus and 88 of lead 
^Lead combines with rnoft of the other metals. CJmn.xm. j LJt_de is known concerning the alloy of lead and 

128 gold. It is laid to be brittle. 
^llcye, and   

^ Mevt. 
Far. 1781. 

' Sulphuret, 

127 
Phofphu- 
m. 
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2. The alloy of filver and lead is very Fufibie, and i-ead. 

neither elaftic nor fonorous. ——v—*** 
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 *. * Fettrcrey, 

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 ‘ademidant. 
alloy has 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. 

Lead, when taken internally, afts 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 laft defcribed Names and 
(omittingplatinum, which they did not know) the names 
of the planets, and denoted each of them by particular ^e^et°alg 
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, 

$• 
?• 
cT- 
Vr- 
*>• 

It feems moft 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 firff 
arofe among the Perfians (w). Why each particular 
metal was denominated by a particular planet it is not 
eafy to fee. Many conjeftures have been made, but 
fcarcely any of them are fatisfadlory. 

(u) Benzoat of lead is decompofed by muriatic acid. Trommfdorf, Ann. de Chim. xi. 317- 
(u) Suberic acid decompofes nitrat of lead. See Jamefon’s Mineralogy, p. 166. Zoonic acid produces the 

fame effetf, as Berthollet has oblerved. 
(v) Schrickel places it after the three mineral acids. _ . 
(w) Contra Cefum, lib. vi. 22.-“ Celfus de quibufdam Perfarum myfterns fermonem facit. Harum rerum, in- 

quit, aliquod reperitur in .Perfarum dodrina Mithracifque eorum myfterns veftigmtp. In ilhs emm duae caeleftes 
converfiones, alia ftellarum ftxarum, errantiutn alia, et animse per eas tranntus quondam fymbolo repraffentantur, 
quod hujufmodi eft. Scala altas portas habens, in fumma autem odava porta. Pnma portarum plumbea, a tera 
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Lead. As to the chara&ers by which thefe metals were ex- 

preffed, aftrologers feem to have conlidered them as the 
OrVa of attnbutes of the deities of the fame name. The circle 
thekmarksin the earlieil periods among the Egyptians was the 
according fymbol of divinity and perfection; and feems with great 
to the ai- pr0pr;cty to have been chofen by them as the character 
tro ogero, ^ fun,efpecially as, when furrounded by fmall ftrokes 

projecting from its circumference, it may form fome re- 
prefentation of the emiffion 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 f) is fuppofed to repre- 
fent the fey the of Saturn ; If the thunderbolts of Jupi- 
ter ; cf the lance of Mars, together with his fhield ; ^ 
the looking-glafs of Venus j and $ the caduceus or wand 
of Mercury. 

According The alchymifts, however, give a very different ac- 
tothe al- count of thefe fymbols. Gold was the mod perfeCt me- 
thytn.fts. ang wag 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 chara&er the adepts 
difeovered gold with a filver colour. The crofs at the 
bottom expreffed 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 5. The character declares the like honour- 
able affinity alfo ; though the femicircle is applied in a 
more concealed manner: for, according to the properefl: 
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- 
fifts of the unknown fumething ; for this reafon the 
crofs with the half moon appears in Lf. In lead this 
fomething is predominant, and a fimilitude is obferved 
in it to iilver. Hence in its charaCler f) the crofs Hands 
at the top, and the lilver character is only fufpended on 

1^3 the right hand behind it. 
Their real The faCl, however, according to Profeffor Beckmann, 
origin. from whom moil of the above remarks have been taken, 

feems to be, that'thefe charaClers are mere abbreviations 
of the old names of the planets... “ The charaCler of 

*HiJinry e/Mars (he obferves*), according to the olded mode of 
Inventions, reprefenting it, is evidently an abbreviation of the word 

tnfnflation tinder which the Greek mathematicians under- 
iii. 67. 
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flood that deity ; or, in other words, the full letter ^‘|jC‘ f 
with the la ft letter c placed above it. I he charaCler or 
Jupiter was originally the initial letter of Zsvr; aud in 
the oldeft manuicripts of the mathematical and aftrolo- 
gical works of Julius Firmicus, the capital Z only is ufed, 
to which the lafl letter ; was afterwards added at the 
bottom, to render the abbreviation more dillinCl. 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 his name k^voo 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 St k£ov, 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 diftinguifh this abbreviation 
from the reft Hill more, placed the C thus O, and add- 
ed under it the next letter r. If thofe to whom this . 
deduClion appears improbable will only take the trouble 
to look at other Greek abbreviations, they will find 
many that differ ftill farther from the original letters 
they exprefs than the prefeht charaCler £ 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 refemblance 
to the caduceus of mercury. In ffiort, it cannot be de- 
nied that many other aftronomical charaClers are real 
fymbols, or a kind of proper hieroglyphics, that repre- 
fent certain attributes or circumftances, like the charac- - 
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 afhes was volatihfedf 134 
which they ufed in medicine*. This mineral contained Difcdvery 
a good deal of zinc ; and yet there is no proof remain-^‘nc’ 
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: but 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 asre, quanta ferrea, quinta ex sere mixto, fexta argentea, feptima ex auro. Kx<u«? tm 
yann ttvXk oySon. 'H srpurn rav ttvwv pioXiZSov, u' Jturfpa xac-trircpov, »' rpiTH p^u\y.ov, r TtTxprn a-tinpov, n ■yrtpLitTn xar.pacou 
vou.io-plxtoc, » extv, apyvpov, xpvvovf i iCSoun- Primum affignant Saturno tarditatem illius fideris plumbo indicantes : 
alteram Veneri, quam referunt, ut ipfi quidem putant, ftanm fplendor et mollities ; tertiam Jovi, aheneam illam 
quidem et folidam : quartam Mercuric, quia Mercurius et ferrum, uterque operum omnium tolerantes, ad mtrea- 
turam utiles, laborum patientiffimi. Marti quintam, insequalem illam et variam propter rnixturam. Sextain, 
quse argentea eft, lunse ; feptimam auream foli tribuunt, quia folis et lunse colores base duo metalla referunt.” ■ 

Borrichius fufpeCls, with a good deal of probability, that the names of the gods in this paffage have been tranf- 
pofed by tranfenbers, either through ignorance or defign. He arranges them as follows: “ Secundam portam 
faciunt Jovis, comparantes ei ftanni fplendorem et mollitiem ; tertiam Veneris seratam et folidam; quartam Mar- 
tis, eft enim laborum patiens, aeque ac ferrum, celebratus hominibus; quintam Mercurii propter mifturam inasqua-, 
km ac. variam, et quia negotiator eft ; fextam Lunse argenteam j feptimam Solis auream.” 01. Borrichius .de 
ortu etprogreffu ihemite. Hafnise, 1668, qto, p. 29. 

(x) Grignon indeed fays, that fomething like it was difeovered in the ruins of an ancient Roman city in 
Champagne ; but the fubftance which he took for it was not examined with any accuracy. It is impoflible, 
therefore to draw any inference whatever from his alfertion. Bulletin des fouilks d’une vilk Romaine, p. 11. 

* 
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had a yellow colour (y). The word %'m occurs fir ft in 

w—v—^ t^e wv;tings of Paracelfus, who died in 15 He in- 
forms us very gravely, that it is a metal, and not a me- 

* See Voi. to!, and that it con fills chiefly of the allies of copper*, 
vi; oj his ']['h;s metal has alfo been called fpelter. 

Zinc has never been found in Europe in a ftate of 
purity, and it was long before a method was difcovered 
of extra&ing it from its ore(z). Henkel pointed out 
one in 1721, and Von Swab obtained it by diftillation 
in 1742, and Margraf publifhed a procefs in the Berlin 

t Turkmany Jvlern0irs in lypfr'j'. 
It is of a bluifli white colour, fomewhat lighter than 

240 
Zinc. 
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Zinc. 

Miner at * 
499* 
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Properties lead. It has neither tafte nor fmell. 
of zinc 
t Sag 

It has fome degree of malleability ; for by compref- 
fion it may be reduced into thin plates ; but it cannot 
be drawn out into wire. It is more brittle when hot 
than when cold. 

§ Kirioans Its hardnefs is 6$. Its fpecific gravity, when com- 
Mtner.n. pre{pecj> is 7,1908 |); in its ufual ftate, 6,862 5J. It 

^Briffon. nielts at about 699° Fahrenheit*. 
<1 Kir nan. When allowed to cool flowly, it cryftallizes in fmall 
ibid. bundles of quadrangular prifms, difpofed in all direc- 
* Bergman. t{ons> jf tpey are expofed to the air while hot, they 

A aige~. ag'ume a changeable colour f. 

its oxides. When zinc is kept melted in contaft with air, it 
becomes covered with a grey pellicle, which gradually 
affumes a yellowHh 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 8 <; parts of 

t Mor-. eau, z;nc an j t ^ 0f oxygen J. When zinc is 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 'while 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 ditterent from 
the white oxide, has not yet been properly afeertained; 

Kir-wan's 
Miner 
489. 

I S T R Y. Parti. 
but one would be apt to fufpetft, from the experiments 
mentioned by Mr Kirwan, that it contained a good deal 
more oxygen *. 

The affinities of the oxides, or rather of the white 
oxide of zinc, are, according to Bergman, as follows : 

Oxalic acid. 
Sulphuric, 
Pyromucous f, t Scinch!, 
Muriatic, 
SaccholaCtic, 
Nitric, 
Sebacic, 
Tartaric, 
Phofphoric, 
Citric, 
Succinic, 
Fluoric, 
Arfenic, 
Formic, 
Ladlic, 
Acetous, 
Boracic, 
Pruffic, 
Carbonic, 
Ammonia. 

There is an affinity between fulphur and zinc, as jsSul^ar<.t> 
evident from thefe two fubftances 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. . 

Zinc may be combined with phofphorus, by dropping Pholphu, 
all bits of phofphorus into it while in a ftate of fu-rets, fmall r- * 

fion. 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 Itrong heat, it burns like zinc t ^nn. at 

Phofphorus Sh™- xm- 
     129. 

(y) The paffages in which he mentions it are as follows :—De Mineral, lib. ii. cap. n. “ Marchafita, five 
marchafida ut quidam dicunt, eft lapis in fubftantia, et habet multas fpecies, quare colorem accipit cujuflibet me- 
talli et fic dicitur marchafita argentea et aurea, et fic dicitur aliis. Metallum tamen quod colorat eum non di- 
ftillat ab ipfo, fed evaporat in ignem, et lie relinquitur cinis inutilis, et hie lapis notus eft apud alchimicos, et m 
mult is locis veniuntur. . , ., 1 . .. . ^ r, . n -r 

Lib iii cap 10 “ iEs autem invenitur in venis lapidis, et quod eft apud locum qm dicitur Golelana elt purii- 
fimum et optimum, et toti fubftanti* lapidis incorporatum, ita quod totus lapis eft ficut marchafita aurea, et pro- 
fundatum eft melius ex eo quod purius. , , . . r , A . . ..f. 

Lib v cap c “ Dicimus igitur quod marchafita dupheem habet in fm creatione fubftantiam, argenti vivi Ici- 
licet mortificati, et ad fixionem approximantis, et fulphuris adurentis. Ipfam habere fulphure.tatem compenmus 
manifefta experientia. Nam cum fublimatur, ex ilia emanat lubftantia fulphurea mamfeffa comburens. Ft line 
fublimatione fimiliter perpenditur illius fulphureitas. . 

“ Nam fi ponatur ad ignitionem, non fufeipit fllam priufquam ,nflammat,one fulphuris mflammetur, et ardeat. 
Ipfam vero argenti vivi fubftantiam manifeftatur habere fenfibiliter. Nam albedmem praeftat Venen men argenti, 
quemadmodum et ipfum argentum vivum, et colorem in ipfius fublimatione cseleftium praeftare, et luciditatem 
manifeftam metallicam habere vidimus, quae certum reddunt artificem Alchimise, illam has fubftantias continere in 

(z) The real difeoverer of this method appears to have been Dr Ifaac Lawfon. See Polt^ III. Diff. 7. and 
Watford s Chemical Effays. . „ j ax u 1 i. j 

(a) Pott obferved, that it was heavier than the zinc from which it was obtained; and Mr Boyle had 
lone before afeertained the fame fadt.—Shaw's fioyle, H- 391 > 394' • v rru 

This oxide of zinc was well known to the ancients. Diofcorides defenbee themethod of preparing 1 . e 
ancients called itpompholyx, the early chemifts gave it the name of lanaphilofophica. Diofcorides compares it to wool, 
tfinr toxutki? wpouoiovlcct, v. 85. P-33S. 
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Zinc. Phofphorus eotnblnes 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 diltrlled in an earthen ware retort, 
and a ftrong heat applied, a metallic fubllance 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 

* Pelletier, tranfparent while in fufion, but opaque after cooling*. 
Zinc alfo combines with carbon, and forms carburet 

of zinc. The French chemifts have fhewn that zinc ge- 
nerally contains fome carbon. 

Zinc combines with moil 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 poliih, and does not tarniih readily. It has 

f Af<ww. A- therefore been propofed by Mr Malouinf as very pro- 
MS'. Par. per for the fpecula of telefcopes. One part of zinc is 

laid to dedroy the duftility of 100 parts of gold 
Macquer's 2’ alloy of filver and zinc is eaiily produced by 
DiHionary. fufion. It IS brittle. 

3. Platinum combines very readily with zinc. The 
alloy is brittle, pretty hard, very fufible, and of a bluiih 

§ 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 crydallizes when melted and 
cooled flowly into lamellated hexagonal figures, with 
cavities between them. They are compofed of one part 

(j Khmers de°f zitic and two and a half of mercury ||. It is ufed to 
   rub on de&rical machines, in order to excite eleilri- 

cky* . . ... . 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 
which they gave the name of orichalcum*^. Their as was 
copper or rather bronze (b). Brafs is compofed of 
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- 
tal, 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. I. Part I. 
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inftead of tin to cover iron plates ; a pr66r that there is Antimony, 
an affinity between the two metals*. *~~hDrn' 

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, and 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 dudtile and harder 
than the lad. A mixture of equal parts of zinc and 
l^ad formed an alloy differing little in duftility 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 ftill 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 harderf. f Ann.de 

The affinities of zinc, according to Bergman, are as abim. ix. 
follows: 

Copper, 
Antimony, 
Tin, 
Mercury, 
Silver, 
Gold, 
Cobalt, 
Arfenic, 
Platinum, 
Bifmuth, 
Dead, - ' • 
Nickel, 
Iron. 

Sficr. X. Of Antimony. 

The ancients were acquainted with an oxide of anti- 
mony to which they gave the names of 0-7,and ftibium. 
Pliny f informs us that it w'as found in filver ore ; and t ?Uny, f. 
we know that at prefent there are filver ores $ in which xxx‘1’- c* 
it is contained. It was ufed as an external application * 
to fore eyes; and Pliny gives us the method of preparing lto 
it ||. Galen fuppofes that the rdpayaio* of Hippocrates || Pliny, ibid. 
was a preparation of antimony ; but this wants proof. . 
It does not appear, however, that the ancients confider-^- ^0J.“y 

ed this fubftance as a metal, or that they knew antimo-ny0 
ny in a ftate of purity (c). Who firft extrafted it from 
its ore we do not know ; but Bafil Valentine, a che- 
mift of the 16th century, is the firft who defcribes the 

^ bl h procefs. 

95- 
141 

And affinio 
ties. 

(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 diflinftion. 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 analyfed an ancient mirror, found it comnofed 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 an ancient one ; btit this point appears to be extremely doubtful. 
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Antimony, 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 fhade of grey. 

* Founroy. It has a fenfible tafte, but no fmell *. 
i43 It is neither malleable nor dudile, but exceedingly 

Properties brittle Its fpecific gravity, according to Bnffon, is 
ofantimo- \ acc0rding to Bergman, 6,860. Its hardnefs is 

Vkr^'s t ’ ^ melts at 809° Fahrenheit If after this the 
Miner, ii. be increafed, the metal evaporates. On cooling it 
a44, affumes the form of oblong cryftals, perpendicular to X Bergman. ^ interuai furfaCe of the veffel in which it cools. It 

is to this cryllallization that the laminated ftruaure 
which antimony always aflumes is owing. . 

Neither air nor water have much effed 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 contaa with air, it fublimes in the form of a white 
powder, formerly called fnotv 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- 
tra&s the oxygen from the acid, and thus paites very 
rapidly into the ilate of an oxide. This oxide feems to 
con fill of about 77 parts of antimony and 23 ot oxy- 

§ Kir-wan's p.en t 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 ot 
oxyp-en. The experiments mentioned by Mr Kirwan 
make the contrary probable \\ ; and yet thefe oxides 
have too many qualities in common to render theie 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 poffefs 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 (o) ? 
Oxalic, 
Sulphuric, 
Pyromucous *, 
Nitric, 
Tartarous, 
Sacchola&ic, 
Phofphoric, 
Citric, 
Succinic, 
Fluoric, 
Arfenic, 
Formic, 
Laftic, 
Acetous, 
Boracic, 
Pruffic, 
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 

S T R Y. Pan I. 
antimony. Sulphuret of antimony is eafily melted by a Antimony. 

‘Miner, ii. 
489. 

|| WJ. 

^ Rouelle. 

Schricksl. 

IAS 
Sulphurets, 

moderate heat : if the heat be continued, the fulphur 
fublimes, and at the fame time the antimony abforbs 
oxygen, and !s converted into a grey oxide. This ful- 
phuret is compofed of 74 parts of antimony and 26 of 
fulphur *. * Bergman, 

The grey oxide of antimony is alfo capable of combi-iii- 167. 
ning with about 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- 
ai-e 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 frafture 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 combining with moft of the -inn. de . J 1 Cbim. xiii. 
metals 132> 

1. Gold may be alloyed with antimony by fufing I47 
them together. The antimony is afterwards feparable Alloys, 
by an intenfe heat. This alloy is little known, and has 
never been applied to any ufe. 

2. The alloy of fllver 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 Dr Lewis, 
antimony cannot afterwards be completely feparated by 
heat. ^ . 

4. Mercury does not eafily combine with antimony. 
Mr Gellert fucceedcd 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 §. § Gellert. 

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 
diminifhed by being alloyed with antimony than with 
any other metal ||. _ _ > 11 Bd. 

7. The alloy of tin and antimony is white and brittle ; 
its fpecific gravity is lefs than intermediate ^ 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 compadf 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.. * Gmelin, 

9. Zinc and antimony form a brittle alloy, the fpeci-A 
fic gravity of which is lefs than intermediate f. The Cbim. vm. 
alloys of antimony are little known. Gellert is almofll^^ 
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. 

(d) Muriatic acid decompofes benzoat of antimony. Trommfdorf, Ann. de Chim. xi. 317. 
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The affinities of antimony are, according to Berg- 
man, as follows: 

Iron, 
Copper, 
Tin, 
Lead, 
Nickel, 
Silver, 
Bifmuth, 
Zinc, 
Gold, 
Platinum, 
Mercury, 
Arfenic, 
Cobalt, 
Sulphuret of arfenic, 
Sulphur, 
Phofphorus? 

Sect. XL Of Bifmuth. 

The ancients appear to have known nothing of bif- 
muth, 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 reddifli white colour, and 
almoft deftitute both of tafte and fmell. 

It is brittle. Its hardnefs is 6*. Its fpecific gra- 
vity is 9,8227f. It melts at 460° Fahrenheit^;. 

When heated in clofe velfels, it fublimes. When al- 
lowed to cool (lowly after fufion, it cryftallizes. 

Bifmuth is not altered by water. When expofed to 
the air it foon tarniflres. 

When bifmuth is kept fufed in contact 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 yellowifli fmoke. When this fmoke is colle<3> 
ed, it is found to confiil of a brown coloured powder. 
This is the brown oxide of bifmuth. It is compoied of 
about 94 parts of bifmuth and 6 of oxygen $. Bifmuth 
decompofes nitric acid with great rapidity, by attract- 
ing its oxygen. If the quantity of acid be confider- 
able, it difiolves 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, 
T artarous, 
Phofphoric, 
Sulphuric, 
Sebacic, 
Muriatic, 
Benzoic (e) ? ' 
Nitric, 
Fluoric, 
SaccholaClic, 
Succinic, 
Citric, 

I S T R Y. 
Formic, 
LaClic, 
Acetous, 
Pruffic, 
Carbonic, 
Ammonia. 
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Sulphur combines readily with bifmuth by fufion.Sulphuret, 
The fulphuret of bifmuth is of a bluifh grey colour, and 
cryftallizes into beautiful tetrahedral needles. It is com- 
pofed of 85 parts of bifmuth and 15 of fulphur*. * Wenzel, 

There appears to be little affinity between bifmuth Kirwans 
and phofphorus. Mr Pelletier attempted to produce^" 
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, udien 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. 

Bifmuth combines readily with moft of the metals. 
1. Equal parts of biimuth and gold form a brittle al 

loy, nearly of the fame colour with biimuth ±. 
2. Equal parts of bifmuth and filver form alfo a brittle I Meir, 

alloy, but lefs fo than the laft. The fpecilic gravity of 
both thefe is greater than intermediate $. § im. 

3. The alloy of bifmuth and platinum is alfo very 
brittle. When expofed to the air it affumes a purple, 
violet, or blue colour. The bifmuth may be feparated 
by heat )|. I 

4. Mercury difiblves bifmuth very eafily. The amal- 
gam is more fluid than pure mercury, and has the pro- 
perty of diflblving lead and rendering it alfo fluid <f[. ItU Cramer. 
is capable, however, of cryftallizing. The cryftals are 
either odfahedrons, lamellated triangles, or hexagons. 
They are compofed of one part of bifmuth and two of 
mercury *. * Cljm. DU 

5. The alloy of copper and bifmuth is not fo red as-^’ u 

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- 
polition 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°: 
two parts of tin and one of bifmuth, at 3^o0t- \ Dr Lewis. 

8. The alloy of lead and bifmuth is ot 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 212°. 153 

The affinities of bifmuth, according to Bergman, are 4nd a®11!* 
as follows: ties. 

Lead, 
Silver, 
Gold, 

Hh Mercury, 

(e) Muriatic acid decompofes benzoat of biftnuth.—7Vow^/«fer/i dnn. de Chim. xi. 317, 
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^Arienic. Mercury, 
^‘ Antimony, 

Tin, 
Copper, 
Platinum, 
Nickel, 
Iron, 
Sulphuret of alkali, 
Sulphur, 
Phofphorus ? 

Sect XII. Of Arfenic. 

The word arfenic (af,7fyniov) occurs firft in the works 
of Diofcorides, and of fome other authors who wrote 
about the beginning of the Chriftian era. It denotes in 
their works the fame fubftance which Ariftotle had 
called vouSapa-x* (F)’ an^ his difciple Theophraftus 
etpfjvix')*. which is a reddiih 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 nth century ; but at what period the metal 
called arfenic was firft extra&ed from that oxide is un- 
known. Paraeelfus feems to have known it. It is 
mentioned by Schroeder in his Pharmacopoeia publiihed 

* Bergman, in 1649 *. 
11.278. Arfenic, when pure, is of abluifh white colour. It is 

153 , exceedingly brittle. Its hardnefs is 7+* Its fpecific 
Properties . P ' , ' 1 r 

of arfenic. gravity 8,3 IO 
•f Kirivan s When expofed to the temperature of 3540 in clofe 
Miner, ii. veffels it fublimes$, and cryftallizes, in regular tetrahe- 

drons. 
it I1 is not rnuch altered by water. Boiling water, how-• 
3 Ibid. ever, is capable of diftolving, and retaining T^e-^oth of 

154 arfenic ; but that part of the metal is no doubt reduced 

*° t^ie ^ate an oxl'^e !!• When arfenic is expofed to the open air, it very foon 
1788, i. lofes its luftre, and is gradually converted into a greyiih 
28a. black fubftance by combining with oxygen. This is 

called the grey oxide of arfenic. 
When expofed to a moderate heat in contaft 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 fiame. 
This fublimate is white oxide of arfenic, which is compo- 

1 Kir-wan's fed of 93 parts of arfenic and 7 of oxygen 
It is of a lharp acrid tafte, which at laft leaves an im- 

preflion of fweetnefs, and is one of the moft virulent 
poifons known. It has an alliacious fmell. It is fo- 
luble in 80 parts of water at the temperature of 6o°, 

** Bergman, ax\d in 15 parts of boiling water*. When this folu- 

'i Brandt t'on evaPorate(l> the oxide cryftallizes-f-. When 
A£t. Upfal, heated to 283°, it fublimes: if heat be applied in clofe 
2733. veftels, it becomes pellucid like glafs, but when expofed 

to the air it foon recovers its former appearance. The 
fpecific gravity of tin’s glafs is 5,000 ; that of the white 

t Bergman, oxide, 3,706 This oxide is capable of combining 
ii. 278. with moft of the metals, and in general renders them 

brittle. Its aftyaities, according to Bergman, are as 
follows: 

Miner, ii. 
49°' 

# Parti, 
Muriatic acid, Arfenic. 
Oxalic, v 0 

Sulphuric, 
Nitric, 
Sebacic, 
Tartarous, 
Phofphoric, 
Fluoric, 
Saccholadlic, 
Succinic, .1 
Citric, 
Formic, 
Laftic, 
Arfenic, 
Acetous, 
Pruffic, 
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 *. * BertldUl, 

Arferfic combines readily with fulphur. When heat ^ffdvand 
is applied to a mixture of white oxide of arfenic and^^r'u* 
fulphur, the oxide is decompofed, part of the fulphur 
combines with its oxygen, and the remainder unites ftulphuret, 
with the reduced metal. The fulphuret of arfenic pro- 
duced by this procefs is of a yellow colour, and was for- 
merly called orpiment. It is compofed, according to , 
Weftrum, of 20 parts of arfenic and 80 of fulphur^ 1 

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. It is compofed, ac- 
cording to Weftrum, of 80 parts of arfenic and 20 of 
fulphur J. The difference therefore between it and or- ^ lt“ 
piment is evident. During the fufion part of the ful- 
phur without doubt fublimes. ' It might be called red 

fulphurel of arfenic. 156 
Arfenic combines readily with phofphorus. The Phofphu- 

pbofphuret of arfenic may be formed by diftilling equalrct> 
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 fufficient quantity of water, 
and keeping the mixture moderately hot for fomc 
time (Ji. § Pelletier, 

Arfenic unites with moft metals, and in general ren* 
ders them more brittle and more fufible. 

r. Melted gold takes, up of arfenic || 
loy is brittle and pale. 

2. Melted filver takes up -r^th of arfenic ^ 
loy is brittle. 

3. The alloy of platinum and arfenic is brittle and 
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 *. _ * ^id. 

5. Copper takes up -^ths of arfenic ft. This alloy is f H>‘d. 
white; 

I39. 
The al- |j Bergman, 

ibid. 
The al-1 Ibid- 

157 
Alloys, 

(f) Pliny feems to make a diftin^tion between fandaracha and arfenic. See Lib* xxxiv. c. 18. 
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white ; and when the quantity of arfenic contained in 
it is fmall, both du&ile and malleable *. It is called 
white tombac. 

6. Iron is capable of combining with more than its 
own weight of arfenic +. This alloy is white, brittle, 
and capable of cryllallizing. It is found native %. 

7. The alloy of tin and arfenic is harder and more fo- 
norous than tin, and has much refembiance externally 
to zinc. Tin often contains a fmall quantity of ar- 
fenic. 

8. Lead takes up |-th of arfenic The alloy is brittle 
and dark coloured. 

9. Zinc takes up j-th of arfenic, antimony -^th, and 
bifmuth Vrth II * 

The affinities of arfenic, according to Bergman, are 
as follows: 

Nickel, 
Cobalt, 
Copper,. 
Iron, 
Silver,. 
Tin,. 
Gold, 
Platinum, 
Zinc, 
Antimony, 
Sulphuret of alkali, 
Sulphur, 
Phofphorus. 

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 

Cobalt is of a white colour, inclining to a bluiffi or 
fteel grey. When pure, it is fomewhat malleable while 
red hot *. Its hardnefs is 8 f. Its fpecific gravity is 
8,15 (h). It requires for fufion a heat atleall as great 
as call iron, which melts at 130° Wedgewood. No 
heat has been produced great enough to vciatalize itj. 

Cobalt, when pure, does not feem to be affe&ed by 
air or water. 

It is attrafted by the magnet. 

CHEMISTRY. . MS 
It is not oxidated by heat without very great diffi- Co^aIt-. 

culty ; but it has the property of decompofing nitric ~ i6
v
q 

acid, and of attra&ing oxygen by that means with jts 
great rapidity. 

The oxide of cobalt is of fo deep a blue as to appear 
black. The oxide procured by heat is compofed of 88 
parts of cobalt and 12 of oxygen ; that 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, 
Tartarous, 
Nitric, 
Sebacic, 
Phofphoric, 
Fluoric, 
Sacchola&ic, 
Succinic, 
Citric, 
Formic, 
Laftic, 
Acetous, 
Arfenic, 
Boracic, 
Pruffic, 
Carbonic, 
Ammonia. i6r 

T\\t fulphitret of cobalt is not formed without difficul-Sulphuret, 
ty. It is fcarcely known. _ 162 

Phofphuret of cobalt may be formed by heating the hhofphu-- 
metal red hot, and then gradually dropping in fmall bits1,61* 
of phofphorus. It contains about -j-yth of phofphorus. 
It is white and brittle, and when expofed to the air • 
foon lofes its metallic luftre. 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 have^„A.^ 
been very little examined into. Chim. xiih 

1. The alloy of gold and cobalt is not known. 134
l6, 

2. Cobalt does not combine with filver by fufion X i Alloys 
but, according to Gellert, the alloy of filver and cobalt t Bergman's 
may be formed : it is brittle and of a grey colour $ Elea. At- 

X. The alloy of platinum and cobalt is unknown. tratt 
5 4. Mer-|/r;,<7/;"r' Cbim. 

(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 qlten gave them a 
great deal of imneceffary trouble. The miners probably gave this name to the mineral out of joke, becaufe it 
thwarted them as much as the fuppofed Ipirit, by exciting falfe hopes, and rendering their labour often fruit- 
lefs ; for as it was-not known at firft to what ufe the mineral could be applied, it was thrown afide as ulelefs. 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 fpirits. Set Beckmann’s Hijlory of Inventions, II. 362. 

Mathefms, in his tenth fermon, where he fpeaks of cadmia jojfihs (probably cobalt ore), fays, “ Ye miners 
call it kobolt; the Germans call the black devil and the old.devil’s whores and hags, old and black kobel, which,- 
by their witchcraft do injury to people and to their cattle.” 

Lehmann, Paw, Delaval, and feveral other philofophers, have fuppofed that ymaZf (oxide of cobalt melted. 
with glafs and pounded) was known to the ancients, and ufed.to tinge the beautiful blue glafs Hill vifible in fome • 
of their works ; but we learn from Gmelin, who anaJyfed fome of thefe pieces of giats, 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 Cbriftophet Scburer, a glafs-maker ar.' 
Flatten, about the year 1540. 

(h) Berg. II. 231. According to Brifton, 7,8119. 
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4. Mercury does not appear to amalgamate with co- 
balt. 

5. The alloy of copper and cobalt is Jcarcely known. 
6. The alloy of iron and cobalt is very hard, and not 

eaiily 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. 
10. 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 eaiily oxi- 
+ Bergman, dated than pure cobalt-f. 
iv- The affinities of cobalt are as follows : 
And affiai- . 
ties. 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 ftrong resem- 
blance to an ore of copper; but none of that metal can 
be extrafted from it : for this reafon the Germans call- 
ed it kupfer nickel (devil’s copper). Hierne mentioned 

fbS it in 1694. Cronitedt was the firft chemift who exa- 

of nicked m*ne(i ^ with accuracy. He concluded from his expe- 1C e ’ riments, which were publiffied in the Stockholm Tranf- 
adtionsfor 1751 and 1754, that it contained a new me- 
tal, to which he gave the name of nickel. 

Some chemiils, 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 affertions in- 
duced Bergman to undertake a very laborious courle of 
experiments, in order if poffible to obtain nickel in a 
ilate 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 poffefies peculiar properties, 
and that it can neither be reduced to any other metal, 
nor formed artificially by any combination oi metals. 
It mull therefore be confidered as a peculiar metal. It 
may poffibly be a compound, and fo may likewife many 
other metals ; but we mull admit every thing to be a 
peculiar body which has peculiar properties, and we 
mull admit every body to be Ample till fome proof be 
adlually produced that it is a compound j otherwife we 
forfake the road of fcience, and get into the regions of 
fancy and romance. 

S T R Y. Part I. 
Nickel is of a greyiffi white colour, and when lefs Nickel, 

pure inclines a little to red. J 

It is both duftile and malleable. Its hardnefs ^ Its proper- 
Its fpecific gravity 9,000 f. It requires lor fuhon a ties, 
temperature at lealt equal to 150° Wedgewood * Kir-wan s 

It is powerfully attra&ed by the maguet, and is even ^‘ner- u- 
poffeffed of the property of attradling iron. This in-^ Bergman, 
duced Bergman to fuppofe that nickel, when pureft,p. 
was Hill contaminated with about one-third of iron : t Ibid. 
but as this is the only proof of its containing iron, 
Klaproth, with reafon, deems it an insufficient one, and 
confiders attraction by the magnet as a property of 
nickel $. v § Ann.de 

When expofed to a ftrong heat, nickel is oxidated Chim. i. 
flowly. Its oxide is of & brown colour ; if impure, it1?0* 
is greenfly. The oxide of nickel, according to Klaproth, oxides, 
is compofed of 77 parts of nickel and 23 of oxygen Kir-wan t 
Its affinities, according to Bergman, are as follows: Miner, ii. 

Oxalic acid, ^Q‘ 
Muriatic, 
Sulphuric, 
Tartarous, 
Nitric, 
Sebacic, 
Phofphoric, 
Fluoric, 
Saccholadtic, 
Succinic, 
Citric, 
Formic, 
Laftic, 
Acetous, 
Arfenic, 
Boracic, 
Fruffic, 
Carbonic, 
Ammonia, 
Fotafs i 
Soda ? _ _ r6g 

Cronftedt found that nickel combined readily withsuiphurets 
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 phol^u- 
by fufing it along with pholphoric glafs, or by drop-rct, 
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 fiender 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. dt ^ 

Little is known concerning the alloys ot nickel with XU1‘ 
other metals. Equal parts of filver and nickel form a135^ 
white duftile alloy. Equal parts of copper and nickel Alloys, 
form a red dudtile alloy. The compounds which this 
metal forms with tin and zinc are brittle. It does not 
combine with mercury f. It has a very ftrong affinity f Bergman, 
for iron, cobalt, and arfenic, and is fcarcely ever found ii. 231- 
except combined with fome of them. 

Its affinities, according to Bergman, are as follows : And affini- 
Iron, ties. 
Cobalt, 
Arfenic, 

Copper, 
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Mangauefe, Copper, 

Gold, 
Tin, 
Antimony, 
Platinum, 
Bifmuth, 
Lead, 
Silver, 
Zinc, 
Sulphuret of alkali, 
Sulphur, 
Poplphorus ? 

Sect. XV. Of Mangamfe. 

Difcovery The dark grey mineral called manganefe, in Latin 
of manga- magnefia (according to Boyle, from its refemblance to 
nei'c. t}ie 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 Cronttedt having demonftrated that it contain- 
ed very little of that metal, the latter referred it in his 
Mineralogy to a diftindl order of earths, which he call- 
ed terra magnefia. Bergman, from its fpecific gravity, 
and feveral other qualities, fufpefted 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 attrafted by the magnet. This difficul- 
ty of fufion led him to fufpedf that the metal he was in 
quell of bore a ftrong analogy to platinum. In the 
mean time, Dr Gahn, who was making experiments on 
J;he fame mineral, actually fncceeded in reducing it by 
the following procefs { 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 fmail metallic globules, equal in weight to one- 

* Bergman, third of the mineral employed *. It is eafy to fee by 
h-axi. what means this redu£lion \vas accomplifhtd. The char- 

coal attrafted 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 
ties, malleable, and yet not fo brittle as to be eafily broken, 
f Kirivan s hardnefs is 8 f. Its fpecific gravity is 7,000 ^1. 

n‘ Its fufion requires fo great a heat, that it has been very 
f liielm. feldom accomplifhed. 

When reduced to powder, it is attrafted by the 
m magnet. , . 

Oxicles, When expofed to the air, it very foon tarnifhes, and 
afiumes a darker colour, till at lalt 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 fubttance thus obtained is 
the black oxide of manganefe. This oxide is found in 
great abundance in nature, though fcarcely ever in a 
liate of purity. It is compofed of 75 parts of manga- 

$ Bergman*^ and 25 of oxygen f 
ii. 225. 

S T R Y. 447 
If a quantity of rmrfiatic acid be poured upon this Manganefe 

oxide, and heat applied, part of the acid combines with 
fome of the oxygen of the oxide, and flies off in yellow 
fumes. The oxide is diffolved in the reil. If petals 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. ItToon attradls more oxygen when ex- 
pofed to the air, and is converted into black oxide. 

The affinities of the wdiite oxide, according to Berg- 
man, are as follows : 

Oxalic acid, 
Citric, 
Phofphoric, 
Tartarous, 
Fluoric, 
Muriatic, 
Sulphuric, 
Nitric, 
Saccholadlic, 
Succinic, 
Sebacic, 
Tartaric, 
Formic, 
Ladtic, 
Acetous, 
Pruffic, 
Carbonic. 

The fulphuret of manganefe is unknown. ij4 
Phofphorus may be combined with manganefe byPhofphu- 

melting together equal parts of the metal and of phof-ret> 
phoric glafs ; or by dropping phofphorus upon red hot 
manganefe. The phofphuret of manganefe is of a white 
colour, brittle, granulated, difpoftd to cryftallize, not 
altered by expofure to the air, and more fufible than 
manganefe. When heated, the phofphorus burns and 
the metal becomes oxidated *. * Pelletier, 

Manganefe combines readily with carbon by iw.Ann.de ^ r 1 s’ Chim. XIII. »on (1). 
Little is known concerning the alloys of manganefe. ‘5/

I'75 
It combines readily with copper. The compound, ac-Carburet, 
cording to Bergman, is very malleable, its colour is red, (7^ 
and it fometimes becomes green by age. Gmelin made ‘°ys* 
a number of experiments to fee whether this alloy could 
be formed by fufing the black oxide of manganefe along 
with copper. Pie partly fncceeded, and propofed to 
fubttitute this alloy inffead of the alloy of copper and 
arfenic, which is ufed in the artsf. We believe, how-f Ann. tie 
ever, that upon trial the new alloy has been found notchim- »• 
to anfwer. 

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. I Bergman, 

The affinities of manganefe, according to Bergman,211 

are as follows: 
Copper, 
Iron, 
Gold, 

Silver, 

177 
And affini- 
ties. 

(1) Bergman, III. 379. Sometimes manganefe is very fpeedily oxidated by expofure to the air y fometimes 
fcarcely aftered 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 Minen. II. 288. 
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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 : but they 
differ from it in fpecific gravity, malleability, and in 
the properties of all their combinations with other fub- 
ftances ; the oxides, for inltance, of iron, cobalt, nickel, 
and manganefe, pofiefs 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- 
cumftance 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 
1781, and found that it was compofed of lime and a 
peculiar earthy-like fubftance, which he called from 
its properties tungstic acid. Bergman conjectured that 
the bafis of this acid was a metal ; and this conjecture 
was foon after fully confirmed by the experiments of 
Meffrs D’Elhuyart, who obtained the fame fubftance 
from a mineral of a brovvnifh black colour, called by 
the Germans 'wolfram, which is fometimes found in tin 
mines. This mineral they found to contain of 
tungftic 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 comp.ofed 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 17,600 f. It is more infufible 
than manganefe 

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 a bluifh black 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. 

The Greek word molybdena, and its Latin tranflation 
plumbago, feem to have been employed by the ancients 
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 
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foft, of a dark colour and greafy feel, and which leave Wolybde- 
a ftain upon the fingers. Scheele firft examined thefe '’um* 
minerals with attention. He found that two very dif-' ' 
ferent fubttances had been confounded together. To 
one of thele, which is compofed of carbon and iron, 
and which has been already deferibed, he appropriated 
the w-ord 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 fradfure 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 * Pelktitr, 
acid is poured upon it, molybdenum attradfs oxygen, andjeww. de 
is converted into a white oxide, which poffeffes the pro- 1785> 
perties of an acid -fi. This is the molybdic acid. -f Ibid. 

Molybdenum combines readily with fulphur; and the 
compound has exadtly the properties of molybdena, the 
fubftance which Scheele decompounded if. Molybdena I Uid. 
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- 
phorus $. § Pelletier,' 

Few of the alloys of this metal have been hitherto AnK- *... 
examined. r ^ 

It feems capable of uniting with gold. The alloy is1"' 
probably of a white colour |j. ' |[ Rupredt, 

It combines readily with platinum while in the ftate 
of an oxide. The compound is fufible. Its fpecific VIU' 
gravity is 20,00 «J[. _ _ ^ Hielm, 

The alloys of molybdenum with filver, iron, and cop- dun. de 
per, are metallic and friable ; thofe with lead and tin Chim. iv. 
are powders which cannot be fufed *. ‘Pelletier 

Sect. XVIII. Of Uranium. Journal di J Fbyjique, 
There is a mineral found in the George Wagsfort 

mine at Johann-Georgenftadt in Saxony, partly in RDifCOvery 
pure or unmixed ftate, and partly ftratified with other <} urani- 
kinds of ftones and earths. The firft variety^ is of anm- 
blackifh colour inclining to a dark iron grey, of a mo- 
derate fplendor, a clofe 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, 
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diftinguiflied by a finer black colour, with here and there 
a reddifh call ; by a itronger luftre, not unlike that of 
pitcoal; by an inferior hardnefs; and by a (hade of green, 
which tinges its black colour when it is reduced to 
powder *. 

This foflil was called pechblendc ; and mineralogHls, 
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 fufpe£ted that it contained tungsten ; and this con- 
jefture was feemingly confirmed by the experiments of 
fome German mineralogifts, publilhed in the Miners 
Journal f. But Klaproth, whofe analyfes always dif- 
play the moll confummate Ikill, joined with the moll 
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 llronger 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. 

Difcovery There is a mineral found in Hungary which, from 
of titanium, its external appearance, has been called ra//Zw7; but 

Klaproth, who examined it about the year 1795, dif- 
covered that it confifted chiefly of a peculiar metal, to 
which he gave the name of titanium. 

Titanium is of a brownifti red colour, and confider- 
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 
fuftered 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 in 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 greyilh mafs, the furface of which was cryftal- Tellurium 
lized. When diflblved in bailing water, it foon let fall "v—'-'' 
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 yellowifh, but, like oxide of zinc, be- 
came white as it cooled. When heated on charcoal, 
it aflumes firft a rofy red, and afterwards aJlate blue co- 
lour, and at laft melts into an imperfect 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 *. *M‘Gregor. 

There was a fubftance difcovered by Mr M‘Gregor in ,,136 

the valley of Menachan in Cornwall, and hence calledj1it.^naC 3” 
menachanite. Upon this fubitance Mr M‘Gregor made 
a very interefting fet of experiments, which were pub- 
lifhed in the Journal de Phyfique for 1791. He fuf- 
pefted it to contain a new metal. From its properties, 
Mr Kirwan conjectured that it was the fame with tita- 
nium f ; and this conjedture has been very lately con-1 Mineral. 
firmed by Mr Klaproth, who analyfed menachanite, and11, •J31* 
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 caWed Mariahilf; the ore ofof tehuri- 
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 925,5 of a new metal, to which he has 
given the name of tellurium (n). 188 

Tellurium is of a white colour like tin, approaching1!5 ProPer‘ 
fomewhat to the grey colour of lead nf*‘ . 

It is very brittle and friable. Its fradture is laminated. Philofapbtial 
Its fpecific gravity is 6,115. Magazine, 

It is as eafily melted as lead. When fuffered to cool*- 7s* 
quietly and gradually, it readily aflumes 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- 
agreeabie odour like that of radifhes. This fmoke is 
the white oxide of tellurium, which may be formed alfo 
by diffolving 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 jj. 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 (ov?av3c), the name given by Mr Bode to the new planet difcovered by Herfchel; which 

name the German aftronomers have adopted. Mr Klaproth called the metal at firft uranile ; but he afterwards 
changed that name for uranium. 

(n) Mr Kirwan, in the new edition of his Mineralogy, which was publilhed before Mr Klaproth’s experi- 
ments were known, gives this metal the name of Sylvanite.—Tellurium exifts in feveral other mines in the fame 
mountains. 
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Tellurium, formed into a pafte with any fat oil, and diddled in a 
    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 

* Klaproth, with a rapidity that refembles detonation *. *  fulfill- I HP 1 

« * ~ . Part I, 
When placed on red hot charcoal, the metal burns as Tellurium, 
well as the fulphur with a blue flame. _ ^ J 

Tellurium amalgamates with mercury by fimple tritu- 
rationf.—^The other properties ofthismetalareunknown.f 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 cryftallizes in fmall needlesHe 1 Nicboljh't 
has given it the name of chromum (o). Jourru^ii, 

We have now defcribed all the metals at prefent rT1lw* fnllnixrinrr tuKlf* \xrill PvTllVllt HI OHC V1CW 
1 1-^mklPQ fWonation VV E nave now ucjcnocu an me 
Tellurium Combines with fulphur. The fulphuret of known. The following table will exhibit in one view 

this metal is of a grey colour and radiated llruaure. their principal properties. 

Metals. 

Gold. 

Silver. 

Platinum. 

Mercury. 

Copper. 

Iron. 

Tin. 

Zinc. 

Colour. Hard- 
nefs 

Specific 
gravity 

Yellow. 

White. 

Lead. 

Antimony. 

Bifmuth. 

White. 

White. 

Red. 

Blue-grey. 

White. 

9»300 

10,510 

23,000 

Blue-white. 

White. 

Grey. 

Yellow-white. 

6i 

Arfenic. 

Cobalt. 

Nickel. 

Manganefe. 

Tungften. 

Molybdenum 

Uranium. 

Titanium. 

Tellurium. 

White. 

White. 

White. 

White. 

Brown. 

Grey. 

Grey. 

Red. 

White. 

Fufing 
Point. 

37w.(f) 
1298 F 

3>568 

8,870 

7,788 

7>299 

282000 

28 W. 
1044 F. 

150 W.? 

— 39f- 

27 W. 
1449 F 

Mallea- 
bility. Dudlilify 

160000 

150 w. 
20577 F. 

u>352 

7,190 

6,860 

9,822 

8,310 

8,150 

9,000 

7,000 

7,600 

7,500 

6,440 

4,180 

6,115 

410 F. 2000 

540 F. 

700 F. 

700 F. 

460 F. 

400 F. ? 

130 W. 
17977 F, 

150 W. 
20577 F. 

150 W. 
20577 F. 

540 F. 

500 

270 

above 
500 

299! 

450 

49 

29^ 

Magnetic 

Magnetic. 
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Magnetic. 

Magnetic. 

Chromnm. Grey.   Q ° 

Col From becaufe it poflefles the property of giving colour to other bodies in a remarkable 
(p) Wa Wedgewood’s pyrometer. F. Fahrenheit’s thermometer. 
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Tellurium. We have feen that all the metals are capable of com- 

-v 'bining with oxygen ; that almoft every one forms va- 
19^ rious oxides, containing different quantities of oxygen, 

o"n metallic: and varying in colour and other properties according^ 
oxides. 

^ Ann. de 
Cbim. xxiii. 

cholfon s 
‘Journ. i. 
453* 

the proportion of oxygen which they contain. No part 
of chemiftry has more engaged the attention of philo- 

*fopliers than the metallic oxides} and yet fuch is the 
difficulty of the fubjed, that fcarcely any part of che- 
miitry is more imperfe&ly underflood. 

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 inftance, 
combines readily with acids, but the bluch is incapable 
of uniting with any. . 

Mr Prouft, in a very valuable paper which he lately 
publifhed concerning the oxides of iron *, hints that 
metals are only capable of two degrees of oxidation, or, 
which is the fame thing, that only two diflerent oxides 
can be produced from the fame metal. We think he 
has proved this completely as far as iron is coneeined ; 
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 of 
only two degrees of oxidation ; but it would icquire a 
very numerous and accurate fet of expeiiments to be 
able to determine the matter, or even to form a pro- 
bable conjeaure. Analogy is certainly againll the fup- 
pofition ; for it has been demonftrated that fome fub- 
ftances at leafl are capable of combining with three dif- 
ferent dofes of oxygen (q_), and why may not this be 
the cafe alfo with the metals ? 

There is one obfervation, however, which we owe to 
Mr Proult, 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 con fills of a determinate quantity of the metal 
and of oxygen chemically combined. Iron, for inllance, 
is not capable, as has been fuppofed, of uniting with 
oxygen in all the intermediate degrees between Ty5 and 

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 fignify the combi- 
ning of part of it with oxygen, while the reft remains in 
its natural Hate. If iron be oxidated at all, it mull be 
combined with of oxygen ; if it be oxidated more 
than this, it mull be combined with -nre °* oxygen. 

We beg leave to add another obfervation, which we 
confider as of no lefs importance, and which will ferve 
in fome meafure to modify and explain what has been 
juft now faid. Oxygen is capable of uniting with me- 
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tals, or with any other fubftanee for which it has an Tellurium.^ 
affinity, only in one determinate proportion. Iron, for in- "~v 

ftance, and oxygen can only combine in the proportion 
of 73 parts of iron and 27 of oxygen. Thefe 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 anfwer, there is an af- 
finity between the green oxide of iron and oxygen ; they 
are capable of combining together, and of faturating 
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 oxide, which of courts 
contains 52 parts of iron and 48 of oxygen : But then 
it is not formed by the combination of thefe two fub- 
ftances direiftly, but by the combination of the green 
oxide and oxygen. In like manner, the arfenic acid is 
not compofed of arfenic and oxygen combined dire&ly, 
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 fatisfaftory manner, becaufe it would be ne- 
ceffary to draw our proofs from combinations which arc 
yet undefenbed } 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 phoiphorus ; 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 almoll 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 5 
but he acknowledged himfelf that he wanted the pro- 
per data to enfure accuracy. 

Chap. IV. 0/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. 

(qj We (hall fee afterwards that azot is one of thefe. 
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C H E M I 
perties. Thtfe bodies chemifts have agreed to clafs to- 
gether, and to denominate earths. 

Every body which pofieffes 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 leail when com- 
bined with carbonic acid. 

3. Incombuftible, and incapable while pure of being 
altered by the fire. 

4. A fpegific 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 chara&eriftics is not perhaps 
rigoroufiy applicable to each of thefe bodies ; but all of 
them polfefs a fufficient number of common properties 
to render it uieful 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 
to fertilize their fields. 

It abounds in many parts of the world, or perhaps 
we fhould rather fay, that there is no part of thf world 
where it does not exift. It is found pureft in lime- 
ftones, and marbles and chalk. None of thefe fubllances, 
however, is, flridlly 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 
quicklime. This laft fubftance is what we call lime. 

Pure lime is of a white colour, moderately hard, but 
eafily reduced to a powder. 

It has a hot burning tatte, and in fome meafure cor- 
rodes and deftroys the texture of thofe animal bodies to 
which it is applied. It has no fmell. Its fpecific gra- 
vity is 2,3 *. 

If water 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 fufficient to fet fire to coinbuftibles. 
In this manner vefiels 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, 
as Mr Pelletier has obferved f- When flacked lime is 
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 
feparated again by the application of a red heat ; and 
by this procefs the lime becomes juft what it was before 
being flacked J. 

Six hundred parts of water, at the temperature of 
60", diflblve about one part of lime ; boiling hot water 
diflbiVes about double that quantity §. This folution 

. 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. Parti. 
One thoufand parts of lime are capable of abforbing, Lime. 

Lavoijiex 

196 

and retaining, at a heat of 6ooQ, 228 parts of water*. 
Lime has never yet been obtained in the ftate of 

cryftals. 
It is incapable of being fufed by the mo ft violent 

heat that can be produced in furnaces, or even by the 
moll powerful burning-glafles. 

Lime unites readily with fulphur, and forms fulphuretSv\^\ivre\t 
of lime. This compound may be obtained by mixingar1^ 
unflacked lime and flowers of fulphur together, and 
adding a little water. The heat produced by the flack- 
ing of the lime is fufficient 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. I(J^ 

It is capable alfo of combining with phofphorus.— Phofphuret 
The phofphuret of lime decompofes water by the affiff-of lime, 
ance of a moderate heat, and gives out phofphurated 
hydrogen gas. 198 

Limeftone and chalk, though they are capable of be- Caule of 
ing converted into lime by burning, poffefs hardly any the diffe- 
of the properties of that adlive fubllance. They arerence ^.e' 
taftelefs, fcarcely foluble in water, and do not Percep-itone^nd15* 
tibly a£l on animal bodies. Now, to what are the new lime, 
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 
fucceffion, in order to difeover what that fomething -was, 
and they concluded from them that it was/)«re 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 ;r 
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 adlion of the fire. Boyle 
indeed had endeavoured to prove, that thefe properties 
were owing to the fixation of fre 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 moil diftinguiihed chemifts. But while 
Meyer was thus employed in Germany, Dr Black, of 
Edinburgh, publifliedthofe celebrated experiments which 
form fo brilliant an era in the hiftory of chemiftry. aoo 

He firft afeertained that the quantity of water fepa-Explained 
rated from limeftone during its calcination was not near-by^rBlack* 
ly equal to the weight which it loft. He concluded in 
confequence that it muft have loft fomething elfie than 
mere water. What this could be, he was at firft at a 
lofs to conceive ; but recolle&ing 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 produdl. He found his conjetfture 

verified; 
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verified ; and that the air and the water which fepara- 
ted from the lime, were together precifely equal to the 
lofs of weight which it had fuftained. Lime therefore 
owes its new properties to the lofs of air; and limeftone 
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 
limettone. This air, becaufe it exifted in lime in a fix- 
ed ftate, he called Jixed air. It was afterwards exami- 
ned by Dr Prieftley and other philofophers, found to 
poffefs peculiar properties, and to be that fpecies of gas 
now known by the name of carbonic acid gar. Lime 
then is a fimple fubftance, that is to fay, it has never 
yet been decompounded ; and limeftone is compofed of 
carbonic acid and lime. Heat feparates the carbonic 
acid, and leaves the lime in a ftate of purity. 

The affinities of lime, according to Bergman, are as 
follows : 

Oxalic acid, 
Suberic (a) ? 
Sulphuric, 
Tartarous, 
Succinic, 
Phofphoric, 
Saccholadtic, 
Nitric, 
Muriatic, 
Sebacic, 
Fluoric, 
Arfenic, 
Formic, 
Ladtic, 
Citric, 
Benzoic, 
Sulphurous, 
Acetous, 
Boracic, 
Nitrous, 
Carbonic, 
Pruffic, 
Sulphur, 
Phofphorus, 
Water, 
Fixed oil. 

Sect. II. Of Magnejta, 

,aea About the beginning of the eighteenth century, a Ehfcovery ^oman canon expofed a white powder to fale at Rome 
o^magne- ^ ^ ^ an difeafes. This powder he called mag- 

nejia 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- 

S T R Y. 25 
years after, Slevogt difcovered that it might be preci- Mag"dia-, 
pitated by potafs from the mother ley (s) of common 
fait. This powder was generally fuppoied to be limey 
till Frederic Hoffman oblerved that it formed very dif- 
ferent combinations with other bodies *. But little was * Bergman, 
known concerning its nature till Dr Black publiihed hisi. 365. 
celebrated experiments in 1755- Margraf publifhed a 
differtation on it in i759> an<^ Bergman another in 
1775, in which he colleAed 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 this1* 
earth and fulphuric acid, exifts in fea-water, and in ma- 
ny fprings, particularly fome about Epfom, from which 
circumftance it was formerly called Epfom fait.. Ibis 
fait is to be diffolved in water, and half its weight of 
potafs added. The magnefia is immediately precipita- 
ted, becaufe potafs has a ftronger affinity for fulphuric 
acid. It is then to be walked with a fufficient quantity 
of water, and dried. 204 

Magnefia thus obtained is a very foft white powder, jts proper_ 
which has very little tafte, and is totally deftitute of ties, 
fmell. Its fpecific gravity is about 2,3f. t Kirwan's 

It is foluble in about 7900 times its own weight of-MW* *• 8' 
water at the temperature of 6o° f Ibid. 

Even when combined with carbonic acid (for which it 
has a ftrong affinity) it is capable of abforbing and re- 
taining 1-^ 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 cryftalli- 
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, 
in a very high temperature, it became fome what agglu- 
tinated. 

When magnefia and fulphur are put into a veffel of 
water, and kept for fome time expofed to a moderate 
heat, they combine, and form lulphuret of magnefia 
which, according to Fourcroy, is capable of cryftalli-- 
zing. 

The phofphuret of magnefia has never been examined- 
Equal parts of lime and magnefia mixed together, Effe& of 

and expofed by Lavoifier to a very violent heat, .did notheat on 

melt; neither did they melt when.Mr Kirwan placed 
them in the temperature of 15P0 Wedgewood. The magneiia.'- 
following Table, drawn up by Mr Kirwan from his own 
experiments, (hews the effett of heat on thefe two earths 
mixed together in different proportions. 

Proportions. 

(a) The affinity of this acid for lime is inferior to the oxalic, which decompofes the fuberat of lime. Ja- 
tnefan's Mineral, of Shetland and Arran, p. 168. - . , , . . , f 

fs) The mother ley is the liquid that remains after as much as poffible of any fait has been obtained hom 
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 Hill a portion of liquid remaining. This portion is the . 
mother lev* 



354 
NIagnefia, TfJro'portions, 

8o Lime 
20 Mag. 

75 Lime 
25 Mag. 

66 Lime 
33 Ma&- 

20 Lime 
80 Mag. 

33 Lime 
66 Mag. 

30 Lime 
10 Mag. 

Heat. 

150° Wedg. 

160 

165 

138 

156 

ao6 
Affinities of 
magnefia. 
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Went through the crucible. 

Went through the'crucible. 

Went through the crucible. 

Did not melt. 

Did not melt. 

Melted into a fine greenilh 
yellow glals; but the crucible 
was corroded throughout. 

207 
Difcovery 
of barytes. 

The affinities of magnefia, according to Bergman, are 
as follows: 

Oxalic acid, 
Phofphoric, 
Sulphuric, 
Fluoric, 
Sebacic, 
Arfenic, 
Saccholaftic, 
Succinic, 
Nitric, 
Muriatic, 
Tartarous, 
Citric, 
Formic, 
Ladlic, 
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 1774, aru^ f°uncl that it conlilled 
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 firlf called terra 
ponderofa, heavy earth, on account of the great fpecific 
gravity of the fubitance from which it was obtained. 
Morveau called it barote (from gapue, heavy), which 
Bergman changed into barytes; and this laft term is now 
univerfally adopted. 

I S T R Y. Part I. 
Barytes is generally found combined either with ful- Barytes, 

phuric or carbonic acid. From the firft of thefe com-v—< 
pounds, which is by far the moil common, it may be Method of 
obtained by the following procefs : obtaining 

Reduce the mineral to a powder and mix it with 2^11. 
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. Waffi 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 fume 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 conlifts of the whole barytes and the lime 
(if there be any) combined with fulphuric acid. Wafli 
it in 50 times its weight of water, and all the lime will 
be dilfolved. 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 *Afsneliust 
acid may then be feparated by applying a very violent^”."-*, 
heat -j- ; or, what is better, nitric acid may be poured ^ 
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 J. ^ndJ^w- 

Barytes thus obtained is a light, fpongy, porous bo-^ Ann^di 
dy, which may be very eafily reduced to powder. It chim. xxi. 
has a harfti and more cauftic tafte than lime; and when276. 
taken into the ftomach, proves a moft violent poifon. 109 
It has no perceptible fmell. tiesF™^ 

Its fpecific gravity has not yet been afcertained. 
It imbibes water with a hiffing noife, but, according 

to Dr Hope, without fwelling or fplitting as lime 
does $. However, when expofed to the air, as Four-5 Ed'm. 
croy and Vauquelin inform us, it efflorefces, cracks,7™*/^- 
burfts, fwells up, heats, and becomes white, by abforb- 
ing moifture ||. U Ann.de 

Cold water diffolves about ^'-j-th part of its weight 
barytes, and boiling water more than half its weight. jour. 
As the water cools, the barytes is depofited in cryftals,^ i.535* 
the ftiape 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-iided pyramid, which in fome inftances 
conftitutes the larger part of the cryftal. When formed 
flowly, they are diftinft and large ; but when the water 
is faturated with barytes, they are depofited rapidly, 
and are generally more (lender and delicate. Then, too, 
they are attached to one another in fuch a manner as to 
affume a beautiful foliacious appearance, not unlike the 
leaf of a fern f Hofe, ibii> 

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 fhall be afterwards defcribed. 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 detected in this mineral. 



Part I* 
Baryree. of barytes. When expofed to the heat of boiling wa- 

v—-v—“* ter, they undergo the 'watery fufton, or, which is the 
fame thing, they melt without lofing any of the water 
which they contain. A ftronger heat makes the water 
fly off. When expofed to the air, they attraft carbo- 
nic acid, and crumble into dull. They are foluble in 
174 parts of water at the temperature of 6o° ; but boil- 
ing water diffolves any quantity whatever: the reafon 
of which is evident; at that temperature their own wa- 
ter of cry ftallization 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- 

andT^L-bably in confequence of containing water; for Lavoifler 
tin, ibid. * found barytes not affe&ed by the flrongeft heat which 

he could produce. r™ r n 
o ,*1° Barytes combines readily with fulphur. J he eatieit 
rCS. way of forming fulphuret of barytes is to mix eight 

parts of fulphat of barytes with oue part of pounded 
charcoal, and to apply a ftrong 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 

n affumes a yellowilh white colour J. } Fourcriy. The phQfphuret of barytes has not been examined. 

No mixture of barytes and lime, nor of barytes and 
magnefia, is fuflble in the ftrongeft heat which it has 

,L ir been poffible to apply 
Acad. Par. The affinities of barytes, according to Bergman, are 
1782. as follows: 

CHEMISTRY. 

Sect. IV, Of Strontites. 

*S5 
Strontites. 

About the year 1787, a mineral was brought to Dif*overy 
Edinburgh, by a dealer in follils, from the lead mine of0f ttron- 
Strontian in Argylelhire, where it is found imbedded dies, 
in the ore, mixed with feveral other fubllances. It is 
fometimes tranfparent and colourlefs, but generally has 
a tinge of yellow' or green. Its hardnefs is 5. Its fpe- 
citic gravity varies from 3,4 to 3,726. Its texture is 
generally fibrous; and fometimes it is found cryftallized 
in flender prifmatic columns of various lengths *. * Hope, JE1- 

This mineral w'as generally confidered as a carbonat^*. 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 t 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 fufpedted 
that its bails 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 the fame concluiions. 
It has been analyfed alfo by Mr Klaproth of Berlin, 
and Mr Pelletier of Paris. It confifts of carbonic acid 
combined wdth a peculiar earth, to which Dr Hope gave 
the name of Jirontites. This appellation we ffiall adopt. 

The carbonic acid may be feparated by a heat of 
140° Wedgewood, and then the ftrontites remains be- 
hind f. t Kir-wan’s 

Strontites has been found in Argylefhire in Scot-*• 
land, near Briffol in England, and in Pennfylvania f. It^3^ ^ 
has been found alfo in France and in Sicily. It is of ai;,fe<a. 39/ 
white colour. It has a pungent acrid tafte. When 213 
pounded in a mortar, the pow'der that rifes is offenflve lfs proper- 
to the noftrils and lungs §. It is not poifonous [[. ^ 

One hundred and flxty-two parts of water, at the || pMetUr. 
temperature of 6c°, diffolve 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 depofited 
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 confift of two facets, meeting together and 
forming an angle like the roof of a houfe. Thefe cry- 
ftals generally adhere to each other in fuch 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 6o°. Boiling water diffolves nearly half 
its weight of them. When expofed to the air, they lofe 
their water, attract carbonic acid, and fall into pow- 
der ^[. ? Ho/?, till 

When ftrontites is thrown into water, it attracts it*/^ 
with a luffing 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- 

ai 1 
Its affini- 
ties. 

Sulphuric acid, 
Oxalic, 
Succinic, 
Fluoric, 
Phofphoric, 
Saccholadfic, 
Suberic (v) ? 
Nitric, 
Muriatic, 
Sebacic, 
Citric, 
Tartarous, 
Arfenic, 
Fluoric, 
Laftic, 
Benzoic, 
Acetous, 
Boracic, 
Sulphurous, 
Nitrous, 
Carbonic, 
Pruffic, 
Sulphur, 
Phofphorus, 
Water, 
Fixed oils. 

I v) Suberic acid decorflpofes muriat and nitrat of barytes. Jamefon’s Mineral, of Shetland and Arran, 
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pliuret is of a dark yellowifh brown colour. It is fo- 
luble in water*. 

The affinities of ftrontites, as afcertained by Dr Hope, 
are as follows: 

Sulphuric acid, 
Oxalic, 
Tartarous, 
Fluoric, 
Hitnc, 
Muriatic, 
Succinic, 
Phofphoric, 
Acetous, 
Arfenic, 
Boracic, 
Carbonic. 

215 
tVTtthc d of 
obtaining 
iilica. 

aifi 
Its proper, 
ties. 
f Kirivcris 
Mintr. 'x. IO. 

$ Ibid. 

Ibid. 

Schcele. 

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 ftate of fufion for half an hour, a brittle mafs will 
be formed almoft as tranfparent as glafs, which quickly 
attrafts moiiture from the atmofphere, and is entirely 
foluble in water. This folution is called liquorfilicum, 
or liquor of flints. It was firft 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 wafhing it in acids, muria- 
tic acid for inltance. This fubflance is called fdiceous 
earth or filica. It was firft diftinguiffied as a peculiar 
earth by Pott in 1746, though it had been known long 
belore ; and Cartheufer, Scheele, and Bergman, proved 
in fucceffion that it could not, as fome chemifts 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 effect 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 pafte with a fmall quan- 
tity of water : this pafte has not the fmalleft duftility, 
and when dried forms a loofe, friable, and incoherent 
mafs ||. 

Silica is capable of afluming a cryftalline form. Cry- 
ftals of it are found in many parts of the world. They 
are known by the name of rock cryflal. When pure 

s T It Y. Part j, 
There are two methods of imitating thefe cryftals by Silica, 

art. The firft method was difcovered by Bergman. He —v'—J 
diifolved filica in fluoric acid, the only acid in which it 
is foluble, and allowed the folution to remain undifturb- 
ed for two years. A number of cryftals were then 
found at the bottom of the veflel, moftly of irregular 
figures, but fome of them cubes with their angles trun- 
cated. They were hard, but not to be compared in 
this refpeft with rock cryftal *. * Bcrgma*:t 

The other method was difcovered by accident. Pro-"*3*. 
feflbr Seigling of Erfurt had prepared a liquor filicum, 
which was more than ufually diluted with water, and 
contained a luperabundance of alkali. It lay undifturb- 
ed for eight years 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 
cryftals; on which he fent it to Mr Trommfdorff, pro- 
feflbr of chemiftry at Erfurt, who examined it. The 
liquor remaining amounted to about two ounces. Its 
furface was covered by a tranfparent cruft, fo ftrong 
that the veflel might be inverted without fpilling any 
of the liquid. At the bottom of the veflel were a num- 
ber of cryftals, which proved on examination to be ful- 
phat of potafs and carbonat of potafs (w). The cruft 
on the top confifted partly of carbonat of potafs, partly 
of cryftallized filica. Thefe laft cryftals had aflumed the 
form of tetrahedral pyramids in groups ; they were per- 
fedly tranfparent, and fo hard that they ftruck fire 
withfteelf. \ Nichol- 

Silica endures the moft violent heat without altera-/o«’j Jour.i. 
tion. 

It feems incapable of combining with fulphur or phof- 
phorus. • _ . « 1I7 

1. The effeft of heat upon lime and filica, mixed in£ffeft 0f 
various proportions, will appear from the following ex-heat on 
periments of Mr Kirwan t. mixtures of 

lime and 
filica; 
t Mineral 
i.56. 

Proportions, 

50 Lime 
50 Silica 

80 Lime 
2C Silica 

20 Lime 
80 Silica 

Heat. 

150° Wedg. 

l56 

156 

Effed. 

Melted into a mafs of a white 
colour, femitranfparent at the 
edges, and ftriking fire, tho* 
feebly,withfteel: itwasfome- 
what between porcelain and 
enamel. 

A yellowifti white loofe pow- 
der. 

Not melted, formed a brittle 
mafs. 

ai8 

^ Kirwan s 
Min. i. 442. 

2. Equal part of magnefia and filica melt with great jy{aenefia 
difficulty into a white enamel when expofed to the moftandhlica: 
violent heat which can be produced §. They are infu-5 Ba-voifer, 
fible in inferior heats in whatever proportion they areMe™' Par' 
mixed ||. # . 55,3. 

3. The effedl of heat on various mixtures of barytes 219 
and filica will appear from the following experiments of Barytes and 
Mr Kirwan 1I. fUrd, 

Proportions.^. Bek 
.  . -  17S0, p. 33* 

S Mineral. ■v * 
(w) Potafs, combined with fulphuric acid and with carbonic acid. u 57' 

they are tranfparent and colourlefs like glafs : they af- 
fume various forms; the moft 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 
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Proportions. 

8o Silica 
20 Barytes 

75 Silica 
20 Barytes 

66 Silica 
33 Barytes 

50 Silica 
50 Barytes 

20 Silica 
80 Barytes 

25 Silica 
75 Barytes 

33 Silica 
66 Barytes 

Hear. 

1550 Wedg. 

I50 

Effedh 

A white brittle mafs. 

A brittle hard mafs, femi- 
tranfparent at the edges. 

150 

148 

148 

150 

150 

Melted into a hard fome- 
what porous porcelain 
mafs. 

A hard mafs not melted, 

The edges were melted 
into a pale greenifh mat- 
ter between a porcelain 
and enamel. 

Melted into a fomewhat 
porous porcelain mafs. 

Melted into a yellowilh 
and partly greenilh white 
porous porcelain. 

no 
And lime, 
magnolia, 
and illica. 

4. The effe£t of heat on mixtures of ftrontites and 
filica is not known. 

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 (trike 
fire with fteel; 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- 

* Mem. Able*. 
Berl. ibid. The affinities of filica are as follows : 
and^W. Fluoric acid, 
^ xxiv* Fixed alkali. m 

Sect. VI. Of Alumina. 
22a Dissolve alum in hot water, and add to the folti- 

ohtainin<T>^ t,on Potafs as long as an7 precipitate is formed. De- 
cant off the fluid part, and walh the precipitate in a 
fufficient quantity of water, and then allow it to dry. 
The fubftance thus obtained is called alumina. Its pro- 
perties were firft afcertained with accuracy by Mar- 
graf. 

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 

obtaining 
alumina. 

Its proper- 
ties, 
t Kir-wan s 
Min, 9 water, but may be diffufed through it with great faci- 

lity. 
Suppl. Vol. I. Part I. 
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With a fmall quantity of water it forms a very tough Alumina, 

du&ile pafte, and does not readily mix with more. —y— 
In its ufual date 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 defcribed. In a freezing cold 
it contradls 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 effett whatever on vegetable co- 
lours. 

The moft intenfe heat does not fufe it, but it has the 
Angular property of diminilhing in bulk in proportion 
to the intenfity of the fire to which it is expofed. It 
becomes at the fame time exceedingly hard: Mr Lavoi- 
fier rendered it capable of cutting glafs ; and Mr Boyle 
had long before done the fame thing -j-. f Sha-w's 

Wedgewood took advantage of this property of alu- 
mina, and by means of it conffrufted an inftrument for422, 

meafuring high degrees of heat. It confitts of pieces vve^t- 
of clay of a determinate iize, and an apparatus for mea-wood’s 
furing their bulk with accuracy : One of thefe pieces isthermome- 
put into the fire, and the temperature is eftimated byter* 
the contraction of the piece. For a more complete de- 
fcrijftion of this important inftrument, we refer to the 
article Thermometer in the Encycl. 

Alumina is hardly lufceptible of combining with ful- 
phur or phofphorus ; but from the experiments of La 
Grange, it appears to have an affinity for carbon t Nichol- 

1. The effeCt of heat on various mixtures of lime and/?" '5 Jaur; 
alumina will appear from the following table § : §' Kir wan 

i. 56. 
2*5 

EfFeiit of 
heat on 
mixtures of 
lime and 
alumina i 

Propoitions. 

75 Lime 
25 Alumina 

66 Lime 
33 Alumina 

33 Ll’me 

66 Alumina 

25 Lime 
75 Alumina 

20 Lime 
80 Alumina 

Heat. 

150° Wedg. 

150 

(*) 

(*) 

(*) 

Not melted. 

Remained a powder. 

Melted. 

Melted. 

Melted. 

226 
2. Magnefia and alumina have no aCti’on whatever on Magnefia 

each other, even when expofed to a heat of i^oQ Wedge-and alumi- 
wood ||. na’. . 

3. The effeCt of heat on different mixtures of barytes 
and alumina will appear from the following experiments Barytes and 
of Mr Kirwarn alumina; 

K k Proportions. ^ llnd° 

(x) Thefe three experiments were made by Ehrman : The heat was produced by directing a ftream of oxygen 
gas on burning charcoal, and is the mod intenfe which it has been hithertp polftble to produce. 
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Alumina. Proportions. 

8o Alumina 
20 Barytes 

75 Alumina 
25 Barytes 

Heat. 

150° Wedg. 

156 

66 Alumina 
33 Barytes 

50 Alumina 
50 Barytes 

20 Alumina 
80 Barytes 

25 Alumina 
75 Barytes 

IS2 

150 

148 

I5° 

Sffedh 

Scarcely hardened. 

No fign of fufion, a 
loofe powder. 

either into a glals or a porcelain, according to the pro- 
portions. The only infufible proportions were, 

Part I, 
Alumina, 

Lime 
Silica 
Alumina. 

As the former. 

As the former. 

Somewhat harder, but 
no fign of fulion. 

Harder, but no fign 
of fufion. 

ZlS 
Alumina 
and filica; 
* Kirivan s 
Jdin. i. 58. 

7,29 
Lime, mag 
nefia, and 
alumina; 

■| MJ. i. ;a 

4. Nothing is known concerning the effedl of heat 
on mixtures of llrontites and alumina. 

5. Equal parts of alumina and filica harden in the 
temperature of 16o° 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 claysy 
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 1660 ; that mixtures in which 
the alumina exceeds are generally fufible, as will appear 
from the following table f- 

3 Alumina 
2 Lime 
1 Magnefia 

A porcelain. 

3 Alumina 
1 Lime 
2 Magnefia 

3 Alumina 
1 Lime 
3 Magnefia 

A porcelain. 

Porous porcelain, 

3 Alumina 
2 Lime 
3 Magnefia 

3 Alumina 
2 Lime 
2 Magnefia 

Porous porcelain. 

Porcelain. 

430 
Lime, fiU- 
ca, and ala 
mina; 

7. From the fame experiments, and thofe of Kirwan, 
.we learn, that in mixtures of lime, filica, and alumina, 
when the lime exceeds, the mixture is generally fufible 

* Ibid. i. yj, 
231 

Magncfia, 
lllica, and 
alumina; 

f Ibid. i. 71, 
23a 

And lime, 
magn.fia, 
filica, and 
alumina. 

233 
Affinities of 
alumina. 

That if the filica exceeds, the mixture is frequently fu- 
fible into an enamel or porcelain, and perhaps a glafs 
and that when the alumina exceeds, a porceiain may 
often be attained, but not a glafs *• . 

8. As to the mixtures of magnefia, filica, and alumina, 
when the magnefia exceeds, no fufion takes place at 
150°. When the filica exceeds, a porcelain may often 
be attained ; and three parts filica, two magnefia, and 
one alumina, formed a glafs. Wfien the alumina exceeds, 
nothing more than a porcelain can be produced f. 

9. Achard found that equal parts of lime, magnefia, 
filica, and alumina, melted into a glafs. They fufed al- 
fo in various other proportions, efpecially when the fib- 
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. Of Jargonia. 
254 

Among the precious Hones which come from the j),-fcovery 
ifland of Ceylon, there is one called jargon, which is of jargowa. 
poffeffed of the following properties. 

Its colour is various, grey, greenifh white, yellowifh, 
reddifh brown, and violet. It is often cryflallized, 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 leaf! internally. It is moftly femitranfparent. 
Its hardnefs is from 10 to 16: Its fpecific gravity from 
4,416 to 4,7 . . , • 1 

It lofes fcarcely any of its weight in a melting heat ;333* 
for Klaproth found that 300 grains, rffter remaining in 
it for an hour and a half, were only one-fourth of a gram 
lighter than at firft $. Neither was it attacked either § 7^ ^ 
by muriatic or fulphunc acid, even when affifled by heat. 3 
At laft, by calcining it with a large quantity of foda, 
he dillolved it in muriatic acid, and found that 100 parts 
of it contained 31,5 of iilica, five of a mixture of nick- 

el* 
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Its proper- 
ties. 

Mineral. 
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236 
Difcovery 
of glucina. 
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cl and iron, and 68 of an earth poflefled 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 infufibje by 
heat when mixed with thefe fubftances in a Hate of dry- 

# .fifirwd/i’jnefs *. 
No more of its properties are yet known. 

Sect. VIII. Of Glucina. 

In the beryl was difcovered, fome time ago by Vau- 
quelin, a new earth, to which he gave the name of glu- 
cina. To obtain it pure, the beryl, reduced to powder, 
is to be fufed with thrice its weight of potais. The 
mafs is to be diluted with water, diffolved 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 
conttitutes 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 wafited, 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 poffible, carbonat 
of ammonia in excefs is to be poured into the liquid, 
which is firfl 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 adfion 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 duCtile. It does not combine with oxy- 
gen, nor with any of the fimple combuftibles ; but ful- 
phurated hydrogen diflblves 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 

®37 
Its proper- 
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combined, viz. the oxides of iron and manganefe, a Y^and 
little lime, and a confiderable quantity of filica, it has 
the appearance of a fine white powder, and has neither 
tafte nor fmell. It is not melted by the application of 
heat, has no aCtion on vegetable blues, and is not fo* 
luble in water. It is likewife infoluble in pure alka- 
lies ; but it diflblves readily in carbonat of ammonia. It 
combines with acids, and forms with them falts, which 
have a fweet tafte, and at the fame time a certain de- 
gree of aufterity. 435 

Trommfdorf has lately difcovered in the Saxon tary/Difcovery 
a new earth, to which he has given the name of Agufti-oi aguftina. 
na, becaufe the falts which it forms have little or no 
tafte. As TrommfdorPs experiments have not hither- 
to been repeated, the exiftence of this earth mull con- 
tinue doubtful till the conclufions of the difcoverer be 
confirmed by other philoiophers. 

440 
These are all the fimple earths that have yet beenRemarkson 

difcovered; 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 fmalleft proof ever been brought that 
they are compounds. We muft therefore, in he pre- 
fent ftate of chemiftry, confider them as fimple bodies. 
Many attempts, indeed, have been made to Ihew 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 (v). But none of thefe at- 
tempts, notwithftanding the ingenuity of feveral of the 
authors, has been attended with the fmalleft fhadow of 
fuccefs. 

We have mentioned formerly, that it was almoft the 
univerfal opinion of chemiftsthat 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 adtually be redu- 
ced to the ftate of metals. 

Baron had long ago fufpe&ed that alumina had fome- 
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 *.* Chtmflryi 

with them fweet tafted falts ; avu hence its name, from About the year 1790, foon after the publication of Mr^^J®11^ 
■ywiioa fweet. 
mined. 

Its other properties have not been exa- 

238 
Sect. IX. Of Tttria and Aguf ina. 

Some time before 1788 was difcovered, in the quar- Difcovery 
and proper-ry ofYtterby in Sweden, a peculiar mineral, called 
ties of yt- from Profeflbr Gadolin, who firft analyfed it, gadolimte. 
tna* Its colour is black, and its frafture 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 difcovered by various chemifts, 
who have agreed to give it the name oiyttria. When 
feparated from the other fubftances with which it is 

Lavoifier’s book, Mr Tondi and Profeflbr 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 attraCled 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 Heflian crucible, and co- 
vered with calcined bones in powder. 

But their experiments were foon after repeated by 
Klaproth, Savorefi, and Tihauflti; and thefe accurate 

K k 2 chemifts 

(y) Mr Sage, however, pitched upon lime. 
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Caloric, chemifts. foon proved, that the pretended metals were all 

-v—- of them phofphurets of iron. The iron, by the violence 
of the heat, had been extradfed from the crucible, and 
the phofphorus from the bones. The earths therefore 
muft fiill continue a diftindt clafs of bodies: and, as.Kla- 
proth has obferved, their properties ate fo exceedingly 
different from thofe of metallic oxides, that the fuppo- 
lition of their being compofed of the fame ingredients is 
contrary to every fadt, and to every analogy with which 
we are acquainted. 

Chap. V. 0/Caloric. 

Nothing is more familiar to us than hetit; to at- 
tempt to define it therefore would be unneceffary. When 
we fay that a perfon feels heat, that a Jlone is hot, the ex- 
preflions cayfe no difficulty; every one underftands them 
perfectly: yet in each of thefe propofitions the word 
heat has a dittindf meaning. In the one, it fignifies the 
fenfaiion of heat; in the other, the caufe of that fenfation. 
’This ambiguity, though of little confequence in common 
bte, leads unavoidably in philofophical difeuflions to con- 
fuiion and perplexity. It was to prevent this that the 
French chemiits made choice of the word caloric to fig- 
nify the caufe of heat. When l put my hand on a hot 
{tone, I experience a certain fenfation, which I call the 
fenfation of heat; the caufe of this fenfation is caloric. 

Whe her Concerning the nature of caloric, there are two opi- 
ralnric be anions which have divided philofophers ever fince they 
fribftance. turnej their attention to the fubjedl. Some fuppofe 

that caloric, like gravity, is merely a property of mat- 
* ter, and that it confifts, fume how or other, in a pecu- 

liar vibration of its particles ; others, on the contrary, 
think that it is a diftindt fubftance. Each of thefe opi- 
nions has been fupported by the greateft philofophers ; 
and the obfeurity of the fubjeft is fuch, that both fides 
have been able to produce exceedingly plaufible and for- 
cible arguments. The recent difeoveries, 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 truft fhall appear from the inveftiga- 
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 P/c* 
an exhaufted receiver, the thermometer, as Lambert firft * 
obferved, rifes feveral degrees. Is not this owing to an ch*I* 
additional quantity of caloric introduced by the air ? 
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 is 
a fubftance, we proceed to examine its propertis. 24Z 

1. When bodies become hot, or, which is the fame Caloric ex- 
thing, when caloric enters into them, they expand »n bo“‘ 
every direftion; 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 ail lubftances equal- 
ly, and we are flill ignorant of the law which it follows. 
All that ean be done therefore is to colled! fadls till 
this law be difeovered. A number of thefe may be feen 
in the following Table : 

♦ Rtagden, 
f Kemton. 

Tempe- 
rature. 

3° 
3 2 

35 
40 
45 
5° 
55 
60 
65 
70 
75 
80 
85 
90 
95 

Water *. 

IOOCOO 
99997 

IOOO05 
IOOO23 
IOOO53 
IOOO9I 
IOOI4I 
IOOI97 
IOO261 
IOO332 
IOO41I 
100694 
IOO79O 

Table of the Expanfion of various Bodies at different Temperatures. 

Mercury. 

100000,0 
100030,0 
10008l,0 
100131,9 
100182.8 
100253,7 
100304,6 
ioo355>5 
100406,4 
100457,3 
100508,2 
100559,1 
100610,0 
100660.9 

Linfeed 
oilf. 

1OOOOO 

102560 

Alcohol *. 

lOOOOO 

IOO267 
IOOC39 
101818 
IOIIO5 
IQI401 
101688 
IOI984 
102281 
102583 
102890 
103202 
IO3517 
IO384O 

Tempe- 
rature. 

100° 
105 
1IO 
120 
130 
I40 
150 
160 
167 
170 
180 
190 
200 
212 
408 

Water *. 

IOO908 

IOI404 

102017 

102753 

103617 

IO4577 

Mercury. 

100711,8 
100762.7 
100813.6 
100915.4 
101017,2 
101119,0 
101220.8 
101322.6 

101424.4 
101526,2 
I0l628,O 
101729,8 
101835,0 

Linfeed 
oilf. 

IO725O 
115160 

Alcohol *. 

104162 

* Blagdetti 
•f Ne-wtot. 

Table 
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"Table of the Exfanfion of various Bodies at different Temperatures continued. 

Tempt- Sulph Nitric Glafsf. 
rature acid*. acid*. 

3 2° 
40 
45 
5° 
55 
60 
65 
70 
75 
77 
Bo 
90 

loo 
I 10 
122 
I30 
150 
167 
170 
I90 

v 212 

IOOI49 
[O0263 
100382 
100615 
IO075I 

lOOOOj 
IOOI49 
IOIO74 
IOI389 
IOI767 
102096 

IOOOOO 

100006 

ICOOI4 

100023 

IOOO33 

1OOO44 
IOOO56 

IOO069 
IOO083 

Air. 

100000 
101790 

104140 

106560 

108950 

111300 
II359° 

117580 

121870 
126030 

130090 
13397° 
134890 

Oxygen 
ga*§- 

100000 

104520 

Azotic 
gas§. 

ICOOCO 

103400 

124830 121860 

190180 

54767°* 

176640 

694120 

Hydrogen 
gas §. 

100000 

108390 

122830 

Nitrous 
gas§. 

IOOOOO 

IC652O 

II763O 

1374201; 14437° 

13912°* 160290* 

Carb. acid 
gas §. 

lOOOOO 

Ammoma- 
cal gas § 

IIIO50 

130660 

i7385° 

200940* 

100000 

127910 

184870 

358780 

680090* 
(4 
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J Du Ver- 
mis, Encyc. 
Metlod. art* 
Air. 

Tempera- 
ture. 

32 

212 
White 1 
heat J 

Table of the Expanfion of Metals from 320 to 2I2C*» 

Antimony. 

120000 
I2OI3O 

Steel. 

120000 
120147 

123428* 

Iron. 

I20000 
120151 

I 2I 5OO^ 

Caft Iron. 

I20000 

I2257I 

Bifmuth. 

I 20000 
120167 

Copper. 

120000 
120204 

Cafh 
Brafs. 

120000 
120225 

Brafs Wire. 

120000 
120232 

3 2 

212 

Tin. 

120000 
X20298 

Lead. 

120000 
120344 

Zinc. Hammered 
Zinc. 

120000 j IZOCOO 
I20355 | 120373 

Zinc 8 
Tin 1 

120000 
I20323 

Lead a 
Tin 1 

I 20000 
1203OI 

Brafs % 
Zinc 1 

I 20000 
I 20247 

Pewter. 

120000 
I 20274 

Copper 3 
Tin(b) 1 

120000 
120218 

f Smfaiott, 
Ebil. 7ranj 
xlviii. 612-. 

Rirtmav 

From 

(*) This mark £ implies that* owing to fome inaccuracy in making the experiments, the numbers to which it 
is attached are not to be depended on. _ r, . , . ^ , , r. 

6b VThe metal whofe expanfion is here given was an alloy compoied ot three parts ot copper and one ot tin. 
The figures in fome of the preceding columns are to be underflood in the fame manner. Thus in the lafl column 
but two, the metal Qoniifted of two parts of brafs alloyed wifh. one of zinc. 

n:nUm ■■ 

.T- 3JUt 
i j, • n 



a6a C H E M I 

M3 
Exception 

Caloric. From this table, it appears that the gafea are more 
expanded by caloric than fluids, and fluids more than 
folids ; and that the expanfion of all bodies hitherto ex- 
amined, mercury alone excepted, goes on in an. increa- 
flng feries. To the expanding power of caloric there 
is one Angular exception : From 3001040° Fahrenheit, 
•water) inflead of being expanded, funtrs a rcmarhablc 
contraction, as is evident from the following table of 
its bulk for every degree between ^ and 40°. 

Bulk. 
30® - - - 100074 
31 - - - 100070 
32 - - - 102066 
33 - - - 100063 
34 - - - 100060 
35 - - - 100058 

-36 • - - 10003d 
37 - - - 10005j 
38 - - - 100054 
39 - - - 100054 

* Hlagdtn. 40 - - - IOOO54*. 
- From 400 it expands like other fubftances on being 

a4. heated (b). 
Thermo- The expanfion of bodies by caloric has furmfhed us 
meter. with an indrument for meafuring the various degrees of 

it in different fubftanoes, 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 uied in this article is that 
of Fahrenheit, except when fome other is particularly 

, mentioned. 
No body 2. By means of the thermometer, we learn that there 
without is no body which does not contain coloric, becaufe there 
caloric. js none fQ cold that it cannot be made colder: and cool- 

ing a body is nothing elfe but abffradling a part of the 
^ caloric which it contains. 

Equilibri- 3. Caloric cannot be conflned in any body while 
•um of ca- thofe in its neighbourhood are colder, but continues to 
loric. ru(^ out till every thing is reduced to the fame tempe- 

rature. This does nop proceed from the attraftion of 
the colder bodies, but from the tendency of.caloric to 
exift everywhere in an equal degree of tenfion : cor 
when hot bodies are placed in the exhaufted receiver of 

\SurleFeu,&n air-pump, as we learn from Mr Piftet’j', or in the 
chap. vi. ’Torricellian vacuum, as Count Rumford has fhewn usj:, 
% Phil. ^ caloric leaves them in the fame manner, tho* more 
Tr“f flowly, and they are equally reduced to the temperature 
Fait I. of the furrounding bodies. This property has been 

called the equilibrium of calo'ric. 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 

S T R Y. Part, I. 
that its particles repel each ether. This repulfion will Caloric, 
caufe them when accumulated in any place to fly oft in 
every dire&ion, and to continue to feparate till they are Th^4

p
7
art;> 

oppofed by caloric in other bodies of the fame relative des of calo- 
denftty with themfelves, which, by repelling them in itsric repel 
turn, compels them to continue where they are. Theeach ether, 
caloric in bodies therefore is in what has been called by 
Mr Piftet a ftate of tenfion (c). Its particles are aftu- 
ated by a force which would make them feparate to an 
indefinite diftance, 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 dirninilh 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 caloric 
flies off, and the body becomes colder. When the laft 
force is ftronger than the firff, 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 T'/V. 

It is the action of thefe oppofite forces which makes 
the thermometer a meafure of temperature. When ap-^* 
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 ftiould be fo 
fmall that the quantity of caloric, which enters or leaves 
it, may not materially affeft the refult. 

This property of caloric feems to be the caufe of the 
elafticity of the gafes, in which, as we ihall fliew 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 of 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 expanfion 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. Ihe expan- 

fion 

, ch. t. 

(b) There was a curious fa& 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 contra&ed for fome time by cold, it did not return to its old 
length on the application of heat, but kept fomewhat ftiorter. A leaden rod fhewed thefe effeds m a greater 
degree. Glafs has not this quality. De Luc fufpeds that this property is myerfely as the elafticity of bodies. 
Glafs is perfe&ly elaftic, and lead is lefs elaftic than brafs.—Journ. de Phyf xvm. 369. 

(c) The phrafe was firft ufed by Mr Volta. 
(D) We acknowledge that feveral philofophers of the firft rank, ^pinus for inftance, and Bofcovich, have 

fuppofed that the particles of all bodies both attfad and repel each other: but we cannot help thinking it rather 
improbable (if it be pofiible) that two fuch oppofite properties ftiould exift together. 
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Caloric, fion of bodies therefore ought to be inverfely as their 

u—v 1 cohetion, and dire&ly as the tenfion of the caloric which 
they contain. This property of caloric feems hkewife to 
afford an explanation of a very curious faft, which was 
firft, we believe, mentioned by De Luc in his l reatife 

248 on the Modifications of the Atmofphere, and afterwards 
Bodies be- afcertained by Dr George Fordyce, that bodies become 
come light-abfolutely lighter by being heated. He took a glafs 

three 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 w'as 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 firfl 
with a dry linen cloth, next with clean wafhed dry lea- 
ther, immediately weighed, and found to be 375th of a 
grain heavier than before. This was repeated exactly 
in the fame manner five different times. At each, more 
of the water was frozen and more weight gained. W hen 
the whole water was frozen, it was rVt^s a gra'n 

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%-ths of a grain more than it did at the fame tempera- 
tore when fluid. We fhall {hew afterwards that ice 
contains lefs caloric than water of the fame temperature 
with it. The balance ufed was nice enough to mark 
T^_ 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 

t Jeum. dt fluid f : and Mr Chauffier found, that two pounds of 
i 7 ®5> fulphuric acid were three grains heavier when frozen than 

Journ.de after recovered their fluidity J. Now, if the 
Savans, particles of caloric repel each other, bodies which con- 
i785» tain it in great quantities muft be fomewhat repelled by 
P- each other. The more replete therefore that any body 
Andwby. is witl1 caIoric> the more it will be repelled by the earth, 

’ which always contains a great quantity ; and this re- 
pulfion muft in fome degree counteraft its gravitation. 
This explanation was firll fuggefled, we believe, by 

,50 Dr Black. 
Caloric The fame property explains another curious fad dif- 
nH>vesmorecovered by Mr Pi&et of Geneva, that caloric moves 

war thanmore fea^^Y vertically upwards than downwards. He 
downwards took a tube of tinplate, two inches in diameter and 44 

inTength, and enclofed in it a bar of copper four lines 
in diameter and 33 inches in length, which was placed 
and fixed exadly 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 an- 
this Suppl. other tube of pafteboard, except about two inches, ex- 

a&ly 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 con- 
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 950, a hundred and one feconds 
before the lowefl B. The thermometer B rofe no high- 

I S T R Y. 
er than 95° ; but the thermometer A reached 
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- 
eft 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 ioi7, 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 
110,75°, the thermometer B only to 106,25°. The 

*Pbil. 
‘Tranf. 
1735, 
Part II. 

tube being reverfed, the thermometer A, vvhicn was now 
loweft, rofe from 46’ to x 15,25° in 40' 307, or forty fe- 
conds fooner than the thermometer B. This fubtracled 
from 93as 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 defcended 0,45°; 
the other did not afcend at all; in one minute it defcend- 
ed 0,225°, and in 6' 8' it defcended 2,47°. In 22'50" 
the infeiior defcended 63,725°, the fuperior 6l,475°*-* 
From thefe experiments, it is obvious that the particles^^. 
of caloric move fomewhat falter, 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 fubje£t, with, 
tubes full of air, that even when in great abundance, 
that fluid hardly affe&ed the rifing of the fuperior ther- 
mometer ; furely then its effeft 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. _ 

If we take a bar of iron and a piece of ftone of CondudHng. 
equal dimenfions, and putting one end of each into theP^wer of 
fire, apply either thermometers or our hands to thebodie9: 

*pther, we fhall find the extremity of the iron fenfibly 
hot long before that of the ftone. Calpric 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 ccuduSing power ; 
thofe that allow it to pafs with facility, are called good 
condudors ; thofe through which it pafles with difficul- 
ty, are called bad conduKors ; and thofe which do not 
allow it to pa-fs at all, non-condudors. 

It is probable that all folids condudf heat in .fome de-of wood - 
gree, at leaft this is the cafe with every one at prefent and char- 
known. Woodandcharcoal are exceeding bad condudfors co£d» 
of caloric (e). Count Rumford informs us, that a piece 

of 

fE) This fa& merits the attention of chemifts. It is obvious, that when metallic oxides are furrounded with 
charcoal powder, their temperature cannot be raifed 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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C H E M I 
of green oak plank was employed to flir the meltee? me- 
tal of which cannons were founding at Munich, and it 
was often allowed to remain a conlidcrable time in the 
furnace ; yet the caloric had penetrated to fo inconli- 
derahle a depth, that at the diftance of ^th of an inch 
below the furface, the wood did not feem to have been 
the lead affe&ed by it ; the colour remained unchan- 
ged, and it did not appear to have lolt even its moif* 

rture *. 
Giafs, when not transparent f r), is alfo a very had 

conduftor : 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 red, 
expands or contra&s, and deftroys the cohefion. 

Metals are the bed conductors of caloric of all the 
folids hitherto examined. The conducing powers of 
all, however, are not equal. Dr Ingenhoufz procured 
cylinders of feveral metals exactly of the fame fize, 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 
order f. 

Silver, 
Gold, 
Coppet, ^ near|y. eqUal# 

Platinum, 
Iron, 
Steel, 
Lead, 

Next to metals done feems to be the bed conductors; 
but this property varies confiderably in different dones. 
Bricks are much worfe conductors than mod dones. 
All 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 quedion has lately been agitated among philofo- 
phers, Whether fluids be conductors of caloric ? No 
doubt was entertained of their being not only conduc- 
tors, but good conductors, till the publication of Count 
Romford’s Effays, in which the author contends, with 
much plaufibility of reafoning, that though fluids carry> 
they do not conduB heat ; or, in other words, let it pafs 
freely from one particle to another. 

In a fet of experiments on the communication of 
heat, he made ufe of thermometers of an uncommon 
fize. 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 fliining. 
Some particles of dud had by accident been mixed with 
the alcohol: thefe being illuminated by the fun, became 
perfeCfly vifible, and difeovered that the whole liquid in 
the tube of the thermometer was in a mod rapid mo- 
tion, running fwiftly in oppofite diredfions upwards and 
do%vnwards at the fame time. The afeending current 
occupied the axis, the defeenditig current the fides of the 
lube. When the fides of the tube were cooled by means 

much inferior to the others. 
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of ice, the velocity of both currents was accelerated. It Caloric. 
diminifhed as the liquid cooled ; and when it had acqui- * ” ^ 
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 fides pf the tube, and gi- 
ving out their caloric. The moment they did io, 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- 
eovered 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 fpecjfic 
gravity of water is increafed confiderably by diffolving 
any fait in it ; he added, therefore, potafs to water till 
its fpecific gravity was exactly equal to that of amber, 
a fubftance but very little heavier than pure water. A 
number of fmall pieces of amber were then mixed with 
this folution, and the whole put into a giafs globe with 
a long neck, which, on being heated and expofed to 
cool, exhibited exaftly the fame phenomena with the 
other fluids. A change of temperature, amounting on- 
ly to a very few degrees, was fufficient 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 afeended; but it defeended on the 
application ot a cold body. _ 253 

If caloric pafs through water only by the internal Proofs of 
motion of its particles, as this experiment feems to^non- 
prove, it is evident that every thing which embarraffespoweJ. op 
thefe motions muft retard its tranfmiflion : and accord-wattTj 
ingly Count Rumford found this to be the cafe. He 
took a large lintfeed oil thermometer with a copper 
bulb and giafs tube: the bulb was placed exa&ly 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 projedling from the fides and bottom 
of the cylinder, and by the tube of it pafling through 
the cork ftopper 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 320 to 2000 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 exa&ly in the fame manner j 
but the water in the cylinder, which amounted to 2276 
gr. had 192 gr. of ftarch boiled in it, which rendered it 
much lefs fluid. The thermometer now took 1109'' to 
rife from 3 2° to 200°. The fame experiment was again 
repeated with the fame quantity of pure water, having r 102 

(f) When tranfparent, it tranfmits caloric. 
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Caloric, ipa gr. of culerdown mixed with it, which would ruere- 

ly tend to embarrafs the motion of the particle’s. 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. 

159 
Shewn to 
be incon- 
clufivc. 

Tempera- 
ture. 

Therm, rofe 
from 3 a0 to 
zoo0 in 

Therm, rofe, 
8o°, ‘viz. 
from 8o° to 
1600, in 

Through 
the Water 
and Starch. 

seconds. 

U09 

34» 

Thro’ the 
Water and 

Eiderdown. 

Seconds. 

949 

269 

Through 
hewed 
Apples. 

Seconds. 

1096^ 

335 

Through 
pure 

Water. 

Second-. 

597 

172 

Time the Caloric was in pajftng out of the Thermometer. 

Tempera- 
ture. 

Therm, fell 
from 2,00° 
to 40° in 

Therm, fell 
8o°, viz. 
from 160° 
to 8o°, in 

Through 
the Water 
and Starch. 

Seconds. 

I54® 

468 

Thro’ the 
Water and 
Eiderdown. 

Seconds. 

1541 

460 

Through 
ftewed 
Apples. 

Seconds. 

i749x 

520 

"Through 
pure 

Water. 

277 

Now neither the ftarch nor the eiderdown could pro- 
duce any alteration in the water except impeding its 
internal motions ; conlequently whatever impedes thefe 
motions diminilhes the conducting 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. 

_ All liquids, however, are capable of conducting calo- 
ric ; for when the fource of heat is applied to their fur- 
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 increafe 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 
condudors of caloric. 

Count Rurnford, 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 pafs 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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ous method of accounting for the melting of the ice, 
without being under the neceffity (as he tells us) of re- 
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 ja'-’, it is evident 
that whenever any part of the hot w'ater was cooled 
down to 40°, it would fink, difplace the w'ater at 32°, 
come into contaCI 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 aChially melted in that manner : for 
wrhen he covered the ice partially with flips of wood, 
that part which was fhaded by the w'ood 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 exaclly under the hole was melted. From 
thefe fads it certainly may be concluded that the ice 
was melted by defeending currents of wrater. 

But the point to be afeertained, is not whether there 
were defeending 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 defeending current in one 
experiment was exa&ly in the axis : and it follows ir- 
refiftibly, from the experiment with the flips of wood, 
that thefe defeending 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, mufl have been 
cooled down to 40° by the cold water below it ; con- 
fequently it mull 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 conduSor 
of caloric. After the hot water has flood an hour over 
the ice, its temperature was as follows: 

At the furface of the ice 
One inch above the ice 
Two inches 
Three inches 
Four inches 
Seven inches - - 

How is it poflible to account for this gradual diminu- 
tion of heat as we approach the ice, if water be a non- 
conduftor ? 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 Copnt’s experiment, inflead of demon- 
flrating that water is a non-condudlor, rather favours 
the common opinion that it is a condudlor. 

The Count tried whether oil and mercury be con-M
2<?0 

dudors in the following manner: When water was fro- 
zen in a glafs jar by means of a freezing mixture, Count ved to be " 
Rumford obftrved that the ice firfl began to be formed conductors, 
at the fides, and gradually increafed in thicknefs; and 
that the water on the axis of the veflel, which retained 
its fluidity longefl, being compreffed by the expanfion 
of the ice, was forced upwards, and when completely 

i frozen. 

40' 
80 

118 
128 
130 
13* 
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Caloric, frozen, formed a pointed projeftion or nipple, which 
—'v——' was fometimes half an inch higher than the reft of the 

ice. Upon ice frozen in this planner, he poured olive 
oil, previoufly cooled down to 32°, till it ftood at the 
height of three inches above the ice. The veffel 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 2 to0 in boiling water; and being 
fuddenly introduced into its (heath, 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 Toths of 
an inch. The end of the (heath defcended Vsth of an 
inch lower than the end of the hot metallic cylinder. 
Now it is evident, that if olive oil was a conductor, 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 

» Rurrford, w'as juft the fame * ; confequently it follows that nei- 
Effay vii. ther oil nor mercury is a eondu&or of heat. 

But this experiment is by no means fufficiently deli- 
cate to decide the point. If a thermometer be fubfti- 
tuted inttead of the nipple of ice, it always rifes feve- 
ral degrees ; whence it follows that, even in this cafe, 
caloric pafies 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 follow'ing manner : The liquid of which the con- 
duding pow'er was to be examined w'as poured into a 
clafs veflel till it filled it about half way ; then a hot 
liquid of lefs fpecific 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 inttance, to exa- 
mine the conduding power 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 118", 
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 conductors 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. 

T aninui The motion of caloric through bodies is indeed of 
fiorTofca- two kinds: Through fome it feems to move with the 
ioric ra- fame rapidity as through free fpace ; whilft through 
diant heat 

*6t 
Tranfmif- 
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others, as we have feen, it moves (lowly. When it Caloric, 
moves through a body with undiminifhed velocity, it is 
faid to be tranfmitted 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 tranfrmtting 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 date in which the body is placed. The phenomena 
of the tranfmiffion of caloric are exadly fimilar to the 
tranfmifiion of light, and admit of precifely the fame 
explanation. What Scheele and feveral other chemifts 
have called radiant heat, is nothing elie than tranfmitted 
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 ra- 
ced at the fame diftance from a fire, the mercury will loiic of bo- 
become hot much fooner than the water. After a fuf-dies«whati 

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 were con- 
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 invefligated the fubjed, and Dr 
Crawford publifhed a great number of experiments on 
it in his Treatife on Heat. Profeffor Wilcke of Stock- 
holm alfo difeovered the fame property of bodies. He. 
called the quantity of caloric neceflkry to raife the tem- 
perature of fubftances a given number of degrees, their 
/pecific caloric ; a term which we (hall 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 too0 and alcohol at 5®°» 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 s0 ; for as foon as the water has given out if 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 750; for 25° oi 

(f) The term fpecific caloric has been ufied 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 railed alcohol 20° 
raifed water 30°, then the temperature of the mixture 
wrould be 70 Thus the ratios of the fpecific caloric 
of bodies may be difcovered by mixing them together 
at different temperatures. 

The firfl fet of experiments on this fubjeft, in point 
of time, were probably thofe of Mr Wilcke. They 
were firfl; publilhed in the Stockholm Tranfa&ions for 
1781, but had been made long before. The manner in 
which they were condufted is exceedingly ingenious, 
and they furnifh 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 large 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 exadlly 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 wrere 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 
inltead 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 

a rule demonftrated long ago by Richman, 

In the prefent cafe the quantities of water are equal, 
therefore M and m are each = 1 ; C, the temperature 

„ , . ,, , . MC + «c 
01 the ice-cold water = 32 : therefore ■■■£-    

X2+c . M-fm =: ?——L. Now c is the temperature of the metal. 
2 

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- 

I S T R Y. 
ties. Therefore the volume of ice-cold water is 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 cr 
fpecific gravity of water ; then w : M : : 1 : ^ ; hence 

M . x . . 
m — — == (M being made =1) —• Subftituting 

S 

this value of m in the formula, 

S 
MC me 

M -J- m = x, in 

3 2 ^ ■‘j- t? 
which M =: 1 and C = 22, x will be = —— . 

. + 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, x be made = N, M =: i, C 32, w M -j-ffi 

.'ill be = 
N — 22 
c — N‘ Therefore if from the temperature 

to which the ice-cold water was raifed by the metal 32 
be fubtradfed, and if from the temperature of the metal 
be fubtradted the temperature to which it raifed the wa- 
ter, and the firfl; 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 mull 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 

to c — N 
We fhall 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 conlequently inftead of 32 iu the formula, 0 is always fubftituted. 
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Gold. Specific Gravity 19,040. 

Num- 
ber of 
experi- 
ments. 

Tempe' 
nature of 
the me- 

tal. 

Tempe- 
rature to 
which 
the me 

tal raifed 
the water 
at 3a0. 

163,4° 
I44>5 
I27>4 
118,4 
103,1 

95 

38,3" 
37>4 
36,5 
36>°5 
35>6 
34»45 

Temper, to 
which it 

would have 
been raifed 
by a quan- 

tity of water 
equal in 

weight and 
heat to the 

metal. 
91>T 
88,25 
79>7 
75>2 

65,75 
63>5 

Tempera- 
ture to 

which it 
would have 
been raifed 

by water e 
qual in bulk 
and tempe- 

rature to the 
metal. 

38,555c 

37>58 

36,68 
36,15 
35>42 

35,06 

Denomina- 
tor of the 
fraction 

N—32 

N—31 

the numera- 
tor being 1. 

I9,857 
19,833 
20,500 
20,333 
18,750 
19,000 

Mean 19,712 

Lead. Specific Gravity 11,456. 

Num- 
ber of 
experi- 
ments. 

Tempe- 
rature of 
the me- 

tal. 

186,8 
181,40 
165,2 
163,4 
i36,4 
I3I 

<26,5 
107,6 
94,1 

Tempe- 
rature to 

which 
the me- 

tal raifed 
thewater 
at 3a0. 

Tempera- 
ture to 

which the 
water would 
have been 
raifed by a 
quantity of 
water equal 

in weight 
and heat to 
the metal. 

3 8> 3 
37,85 
37,4 
37,4 
36,5 
36,05 
36,05 
35,*5 
34,7 

Tempera- 
ture to 

which the 
waterwould 
have been 
raifed by 

water equal 
in. bulk and 
temperature 
to the me- 

tal. 
109,4 
106,7 
98,6 
97,7 

81,5 
79,25 
69,8 
63,05 

44,425 

43,473 
42,692 
42,548 
4°, 3 44 
39,947 
39,585 
38,339 
36,985 

Denomina- 
tor of the 
fradfion 

1 
c—N 

N—3 a 

23,571 
24,538 
23,666 
23,333 
22,200 
24,700 
2 2,3 3 3 
2 3,000 
22,000 

164 
Crawford, 

<165 
Lavoiner 
and La 
Place, 

Mean 23,515 

It is needlefs to add, that the lall column marks the 
denominator of the fpecific caloric of the metal, tne 
numerator being always 1, and the fpecific caloric of 
water being 1. Thus the fpecific caloric of gold is 

 l- . 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 publifhed in his 
Treatife on Heat. 

Several experiments on the fpecific caloric of bodies 
were made alfo by Lavoifier and De la Place, which, 
from the well-known accuracy of thefe philofophers, 
cannot but be very valuable. 

Their method was exceedingly fimple and ingenious j 

S T R Y. Part L 
it was firft fuggefted by De la Place, An inflrument Caloric, 
was contrived, to which Lavoifier gave the name of crz-’v-"—^ 
lorimeter. It confifls of three circular veffels nearly in- 
fcribed into each other, fo as to form three different a- 
partments, one within the other. Thefe three we (hall 
call the interior, middle, and external cavities. The in- 
terior cavity f fff (fee fe&ion of the inftrument fig. 4.), 
into which the fubflances 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 bibb is filled with 
ice. This ice is fupported by the grate m m, and un- 
der the grate is placed a fieve. The external cavity 
a a aa\s 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 3 2°. Then the 
fubftance, the fpecific caloric of which is to be afcer- 
tained, is heated a certain number of degrees, fuppofe 
to 2 12°, and then put into the interior cavity enclofed 
in a thin veffel. 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 cc d 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 
32°, nor above 41°. In the firll 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 obfer- 
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 fubjedf ; and 
muft alfo be the mofl 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/rose again, and choaked up the paflage. . ^ 

A table of the fpecific caloric of various bodies was And ^Ir- 
likewife drawn up by Mr Kirwan, andpublilhed by Ma-wan. 
gellan in his Treatife on Heat. 

From all thefe fources we have drawn up the follow-Rgfult of 
ing table, which exhibits at one view the fpecific calo-thefe expe- 
ric’of thofe bodies on which experiments have hithertorirnents* 
been made. 

We have added to it a column, expreffing the fpeci- 
fic caloric of equal bulks of the fame bodies j which 
feems to be a more accurate way of confidering thi^ 
fuhjea, 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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Table of the Specific Caloric of Various Btdies, that of Water being zz 1,0000 (h). 

Bodies. 

I. Gases*. 

Hydrogen gas 
Oxygen gas - ■ 
Common air - • 
Carbonic acid gas 
Steam - - - ■ 
Azotic gas - . 

II. Liquids. 

Water  
Carbonat of ammoniaf 
Arterial blood* - - 
Cows mi lk> --- 
Sulphuret of ammoniaf 
Venous blood* - - 
Solution of brown fugarf 
Nitric acid J 
Sulphat of magnefia 11 
Water + 
Common fait 
Water 
Nitre 11 . 
Water 83^ 
Muriat of ammonia 
Water 
Tartar 1 7 , 
Water 237,3 3 ^ 
Solution of potafs f 
Sulphat of iron 
Water 
Sulphat of foda 
Water 
Oil of olives f 
Ammoniaf 
Muriatic acidf 
Sulphuric acid , 
Water 
Alum 1 1 , 
Water 4,45 y ' 
Nitric acid 9 
Lime 
Nitre l 7 4 
Water 33' 
Alcohol * 
Sulphuric acid § 
Nitrous acidf 
Liufeed oilf 
Spermaceti oil * 
Oil of turpentine f 
Vinegarf - - • 
Lime 97 + 
Water 163^ 
Mercury ^ - ■ 
Diftilled vinegar f 

0,000094 
0,0034 
0,00122 
0,001 83 

0,00120 

I ,0000 

-,0324 
o,818 

t Q 

y> 

1* 

5 .t 

Specific 
Gravity. 

1,346 

°>997 
1,122 

0,^371 
1,840 
I»355 
°>9403 

0,9910 

i3*568 

Specific Caloric 
of equal 
Weight 

21,4000 
45749° 
1,7900 
1,0459 
1,5500 
0,7036 

1,0000 
1,851 
1,030 
0,9999 
0,9940 
0,8928 
0,8600 
0,844 

0,844 

0,832 

0,8167 

°>779 

0,765 

o,759 

°»734 

0,728 
0,710 
0,7080 
0,6800 

0,6631 

0,649 

0,6181 

0,646 

0,6021 
0,5968 
0,576 
0,528 
0,5000 
0,472 
0,3870 

°,3346 

0,3100 
0,1030 

0,00214 
0,006411 
0,002183 
0,001930 

0,00095 2. 

1,0000 

1,0322 
0,8130 

of equal 
Volumes. 

I,22l6 

0,6498 
0,7041 
0,763 

0,4993 
1,120 
0,780 
0,4964 

0,4132 
0,3966 

4,T23 
0,1039 

Bodies. 

III. Solids. 

Icef - - - - - 
Ox hide with the hair * 
Lungs of a fheep * 
Lean of ox-beef * 
Rice 
Horfe beans * - , - 
Duft of the pine tree * 
Peafe * - 
Wheat * 
Barley * 
Oats* 
Pitcoal * 
Charcoal * 
Chalk * 
Raft of iron * - - 
White oxide of antimony 

walhed * - 
Oxide of copper nearly 

freed from air * 
Quicklime (c) 
Stoneware f 
Agate** - - 
Cryftal f - 
Cinders * - - 
Swedilh glafs** 
Alhes of cinders * 
Sulphur f - - 
Flint glafs f 
Ruft of iron nearly freed 

from air * 
White oxide of antimo- 

ny ditto * 
Arties of the elm * 
Oxide of zinc nearly free 

from air * 
Iron (<7) 
Brafs (r/) 
Copper (J) 
Sheet iron f | 
Oxide of lead and tin * 
Gun-metal |[ - - - 
White oxide of tin nearly 

free from air * 
Zinc (d) - - 
Arties of charcoal* 
Silver^* 
Yellow oxide of lead near- 

ly freed from air * 
Tin (V) - - 
Antimony (J) 
Gold** - 
Lead (i?) 
Bifmuth ** 

Specific 
Gravity. 

2,648 
3,lB9? 

2,386 

',99 
3,3293 

7,876 
8,358 
8,784 

7,i54 

10,001 

7,38° 
6,107 

19,040 
n,456 

9,861 

Specific Caloric 
of equal 
Weight. 

0,9000 
0,787 
0,769 
0,7400 
0,5050 
0,5020 
0,5000 
0,4920 
0,477° 
0,4210 
0,4160 
0,2777 
0,2631 
0,2564 
0,2500 

0,2270 

0,2272 
0,2199 
0,195 
0,195 
0,1929 
0,1923 
0,187 
0,1885 
0,183 
C,I74 

0,l666 

0,1666 
0,1402 

0,1369 
0,1264 
0,1141 
0,1 121 
0,1099 
0,102 
0,1 100 

0,0990 
0,0981 
0,0909 
0,082 

0,0680 
0,0661 
0,0637 
0,050 
0,0424 
0,043 

of equal 
Volumes. 

0,993 
0,971 
1,027 

0,517 
0,6151 

0,448 

0,3680 
<0,5792 

°>735 

0,833 

o,444 
0,390 
0,966 
0,487 
0,427 

7. If 

(h) The fpecific caloric of the fubftances marked* was afcertained by Dr Crawford, thofe marked f by Mr 
Kirwan, % by Lavoifxer and La Place, ** by Wilcke, |j by Count Rumford. § Is the mean of Crawford, Kir- 
wan, and Lavoifier; ^ mean of Lavoifier and Kirwan ; (r) mean of Crawford and Lavoifier j (d) mean of. 
Wilcke and Crawford; (e) mean of Wilcke, Crawford, and Kirwan. 
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C H E M I 
7. If a quantity of ice, at a low temperature, fup- 

pofe at 2c0,* 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 
q2° ; but there it flops. The ice, however, diffolves 
flowly ; and at the end of feveral hours, when it is all 
juft melted, the thermometer flill Hands 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 tnuft 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 Piclet obferves*, be called caloric of fluidity; 

’for there are other cafes in which caloric exifts in bo- 
dies without railing their temperature. This very im- 
portant difcovery was made by Dr Black as early as 
1757, and feems to have led the way to all the fubfe- 
quent difcoveries in this part of chemillry, which have 
almoft completely changed the appearance of the fcience: 
for the difcovery that caloric may exift in bodies while 
the thermometer cannot indicate its prefence, is one of 
the ftrongell links in the chain of fads by which the 
nature of combuflion was afcertained. 

The caloric which unites with ice, and renders it 
fluid, appears again 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 loll all its ca- 
loric. offluidity. 

Dr Black proved, by a very accurate experiment, 
that the quantity of caloric of fluidity is fuiticient to 
raife the fame quantity of water 140°. 

All folids become fluid by abforbing a quantity of 
calorid. Landriani proved that this is the cafe with 
fulphur, alum, nitre, and feveral of the metals f ; and 

' it has been found to be the cafe with every fubftance 
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 fpecilic caloric of water. 'Ibis 

S T R Y. Part I, 
theory was zealoufly adopted by Dr Crawford. Dr Caloric. 
Black obferved very juftly, that it did not account for —v——*■ 
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 eafdy 
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)* -^r 

proved, that as much caloric entered the ice as would 
have raifed it, had it been water, 140°. Let us lup- 
pofe that it would only have raifed the ice ^40°; in 
that cafe the melted ice ought to have been of the tem- 
perature of 158°, for 10:9: : 140 1 126 ; but it was 
only 3 2°: Therefore izb^of caloric have ditappear- 
ed/and cannot be accounted for by the change of fpe- 
cific caloric. Nor can the accuracy of Dr Black’s ex- 
periment be fufpedled : it has been repeated in every 
part of the world, and varied in every poffible way. 
We cannot doubt, therefore, that caloric unites with 
fuhftances, and caufes them to become fluid, or that 
there is in fa£l a caloric of fluidity different from fpecifc 
caloric. ' ... 270 

Water alfo is converted into fleam by uniting withcaioric of 
caloric. Dr Black put an iron veffel, containing fourevaporatioa 
ounces of water at the temperature of 53 > up°fi a call- 
iron table which was red hot. I he water rule 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 firft three minutes, it re- 
ceived 159° of caloric, and as much mull 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, inllead of 
railing the temperature of the water, was employed in 
converting it into Hearn. There is alfo, therefore, a 
quantity of latent caloric in Hearn. It might, as Mr 
Pi&et obferves, be called, with propriety, caloric of eva- 
poration. This caloric appears again if the Hearn be 
condenfed. If it be made to pafs, for inllance, 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 Hearn 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, inHead of converting it into Hearn. It is 
therefore at leall equal to 8oo°. Mr Watt Ihewed af- 
terwards that it was gzoQ. 

Even fpontaneous evaporation, as Dr Black firH ob- 
ferved, is owing to the fame caufe : and this explains 
why bodies cool when water is evapoiated from their 

furface ; 

3* Ann de 
Chim. xi. 
a?’ 

(1) We do not know how this was afcertained : 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 is Hill work, 
the fpecific caloric in that cafe would differ according to the temperature and the quantity of water To give 
an inffance : Mr Gadolin concludes, from 180 experiments made by mixing hot water and ice, that the fpecihe 
caloric of ice is to that of water only as I to 2 * ; and had he varied the quantities and the temperatures, he 
might have obtained feveral other ratios. 
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a fa& which has been long known, and which 

has been employed in warm countries to diminifli 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 his Treatife 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. 

8. If caloric, as has been fhewn, exifts in bodies at 
the loweft temperature which we are able to procure, 
and if it exills 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 
of the thermometer correfponds to the real zero ? 

The firll perfon (as far as we know), at leaft fmce 

S T R Y. 
men began to think accurately on the fubje&, who con-1 Caionc. ^ 
ceived the poffibility of determining this queftion, was ^ 
Lr Irvine of Glafgow. He invented a theorem, in or- jrv;ne’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 fa A is pro- 
ved by all the experiments hitherto made) that the fpe- 
cific caloric of bodies continued the fame in every de- 
gree of temperature, as long as they remained in the 
fame ftate, that is to fay, as long as they continued ei- 
ther folid or fluid or in a ftate of vapour; but that the 
fpecific caloric of the fame body wdiile folid was lefs 
than while fluid, and lefs while fluid than while in a 
ftate 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 exaAly proportional to this 
increafed fpecific caloric. He took it for granted, like- 
wife, that the fpecific caloric of bodies was proportional 

(k) Galen informs us, that the ancient Egyptians were accuftomed to put water previoufly boiled into earthen 
tars, and expofe them all night on the upper part of their houfes to the air. Before funnie thefe veffels were put 
into the ground, moiftened on the out fide with water, and then furrounded with freih plants ; by which means the 
water was preferved cool during the whole day. Comment, in lib. vi. Hippoc. de morbis vutgar. 4. 10. p. 39^‘ 

By a fimilar procefs, water, in the Eaft Indies, is converted into ice. _ # 
The following Angular paflage, which has been pointed out to us by the ingenious Dr Barclay, leAurer on 

anatomy in Edinburgh, furniflies a linking proof that the ancients were led, by a very different method of 
reafoning, to deduce, from their philofophical theory of the four elements, concluiions concerning the nature of 
heat not very different from thofe of the moderns. . . 

“ Sic enim res fe habet, ut omnia, qua; alantur et quas crefcant, contineant in fe vim calons; fine qua neque 
ali poffent nec crefcere. Nam omne, quod eft calidum et igneum, cietur et agitur motu luo . quod autem alitur 
et crefeit, motu quodam utitur certo et aequabili; qui quandiu remanet in nobis, tamdiu fenius et vita remanet: 
refri<>-erato autem et extinAo calore, occidnnus ipfi- et exftinguimur. Quod quidem Cleanthes Ins etiam aigu- 
mentis docet, quanta vis infit caloris in omni corpore : negat enim ullum efle cibum tarn gravem, qir.n is noAe 
et die concoquatur ; cujus etiarn in reliquiis ineft calor his quas natura relpuerit. Jam vero venae et aitense mi- 
care non definunt, quail quodam igneo motu ; animadverfumque faepe eft, cum cor animantis alicujus evolfum ita 
mobiliter palpitaret, ut imitaretur igneam celeritatem. Omne igitur quod vivit, five animal live teira editum, id 
vivit propter inclufum in eo calorem. Ex quo intellegi debet, earn caloris naturam, vim habere m fe vitalem per 
omnetn. mundum pertinentem. Atque id facilius cernemus, toto genere hoc igneo, quod tianat omnia, fubtilius 
explicato. Omnes igitur partes mundi (tangam autem maxumas) calore fultae fuftinentur. Quod prinnim in 
terrena natura perfpici poteft- Nam et lapidum confliAu.atque tritu elici ignem videmus; ,et recenti fofiione 

 terram fumare cclientem ; 

atone etiam ex puteis jugibus aquam calidam trahi, et id maxume: fieri temporibus hibernis, quod magna vis ca, 
loris, terrae contineatur cavernis peaque hieme fit denlior ; ob eamque cauffam, calorem infitum in terns contineat 

“ Longa eftoratio, multaeque rationes, quibus docevi pofiit, omnia, quae terra concipiat, femina, quaeque ipfa ex 
fe generafa llirpibus infixa contineat, ea temperatione caloris et oriri et augefeere. Atque aqme et.am admixtum 
efle calorem, primum ipfe liquor, turn aqua; declarat effufio : qu$ neque co..glac.aret fngonbus, neqqe rnve prui. 
naaue conciifceret, nifi eadem fe admixto calore liquefaAa et dilapfa diffunderet Itaque et aqpilombus reliquif- 
aue fnVoribus durefeit humor : et idem viciffim mollitur tepefaAus et tabefcit calore. Atque etiam maria agita- 
ta ventis ita tepefeunt, ut intellegi facile polfit, in tantis illis humonbus elfe inclutum caloiem. Nee enim nle ex- 
ternus et adventicius habendus eft tepor, fed ex intimis mans partibus agitatione excitatus : quod noltns quoque 
corporibus continget, cum motu atque exercitatione reealefeunt. Ipfe vero aec, qui natura eft maxume ingidus, 
minime eft expers caloris. Hie verb et multo quidem calore adrmxtus eft : ipfe enim oritur ex- refpiratione. aqua- 
rum : earum enim quafi vapor quidam aer habendus eft. Is autem exiftit motu ejus calons, qui aqms cont.uetur. 
Guam fimilitudinem cernere poffumus in his aquis, quse effervefeunt lubditis ignibus. ^ Jam^ vero reliqua quarta 
o^s mundi ea et ipfa tota natura fervida eft, et ceteris naturis ommbiis falutarem mpertit et vitalem calorem. 
Ex quo concluditur, cum omnes mundi partes fuftineantur calore, mundum etiam ■ipfum fimih pai ique natura in 
tanta diuturnitate fervari eoque magis, quod intellegi debet, calidum illud atque igneum fta m omm fufum elfe- 
natura, ut in eo infit procreandi vis et cauffa gignendi, a quo et ammantia omnia, et ettquorum ftirpes terra con.- 
tinentur, et nafei fit needle et augefeere. Cicero de natura Deorutn, ad. u. c. g et id. 
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Caloric, to their abfolute calorie, or to ail the calorie which exift- 

1 ed in 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 fpecitic caloric of A and 
of B be known, and if it be known how many degrees 
the caloric, dilengaged 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 mufl: be juft equal to the caloric in B, to- 
gether with what entered into it in paffing 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 con- 
tain exactly 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 : 500 : : I : too. The caloric in 
B, therefore, in this cafe is juft as much as would raife 
the temperature of A 100°. Therefore, if to too0, the 
caloric of B, be added 500°, = caloric difengagedin the 
paffage 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 expreffing the fpecific caloric of the 
folid and fluid, is to the number expreffing the fpecific 
caloric of the folid, as the quantity of caloric difengaged 
during the paffage 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 af- 
certain the faft, that the real zero was 1 268g below o, 
or 1300° below the freezing point. 

This fubjed deferves to be confidered with attention. 
If this theorem in fad furniflies us with the real zero, 
it is one of the moft 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 has any meaning 
at all, it muft fignify 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 well 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 feen, 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 the 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 
fulphuric acid and 3 parts of water, it follows, that the 
real zero is 5803,4° below o. 

173 
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Their experiment* on a mixture of 4 parts of ful- Caloric, 

phqric acid and 5 of water, place it at 2073,3° below o. 
Their experiments on py parts of nitric acid and i of 

lime, place it at —— below 32°*. * gee Se, 

Thefe refults differ from one another fo enormoufly,5^ cbim, vii, 
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 defed 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 moft accurate chemifts, cannot be freed from fuch 
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 fpecifie 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 90 or 90° ? Yet 
during the change of ice into water, 140° of caloric en- 
ter it without railing its temperature; a quantity greater 
than what can be 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 be 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 be accounted for according to this theory. 

Dr Irvine’s theorem, therefore, is infufficient for af-And found 
certaining the real zero ; and hitherto no method has infufficient, 
been difeovered which can folve this problem. 

9. If there be no body without caloric, if it exifts in Calouc ex- 
different quantities in different bodies, even when their ids ir bo- 
temperatures are the fame, and while the thermometer^8 

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 neceffity be inverfely as the fpecific gra- 
vity of the refpedlive 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 theft fubftances is more than three 
times as great as that of the other. There mult be 
fomething, therefore, in bodies themfelves quite diffe- 
rent from, and unconnected with, the vacuities between 
their particles, which difpofes 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 difcovering latent heat, 
that caloric unites with bodies ; and this feems to be 
the only real key for unfolding the adions of this ex- 
traordinary fubftance. If caloric be matter, can it be 
deftitute of that property which all other matter pof- 

fn a ftate of feffes, we mean attradfion? And if it poffeffes attraction, 
muff it not combine with thofe bodies that attraCt it 
juft as other bodies combine with each other ? Mail 
there not be formed a chemical union between caloric 
and other fubftances, 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 ? 

That it unites chemically with fome bodies, at lea ft, 
be the cafe cannot be doubted, as we have ffiewn already, that when- 

ever a folid is converted into a liquid, a quantity of ca- 
loric enters, and remains in it ; and that both the folid 
and the caloric lofe their charafteriftic properties. This 
is precifely what takes place in every chemical union. 
All liquids, therefore, confift 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 leaft, two very large claffes of bodies, liquids and 
vapours, in which we are certain that caloric exifts in a 
ftate of chemical combination. 

There is another clafs of bodies which refembles va- 
pours in almoft all their properties: thefe are the gafes. 
Like them, they are invifible and elaftic, 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 confift of their refpeftive 
bafes combined with that fubtile fubftance ? 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 combuftion. He found, that when a pound 
of oxygen gas was made to combine in this manner 
with phofphorus, as much calorie was difengaged as 

* Lavoifter, melted 87^- pounds of ice*. Now every pound of ice 
p. i. ch. 9. abforbs as much caloric in the a£t of melting as is Ef- 

ficient to raife a pound of water 140°. Therefore the 
whole caloric difengaged was Efficient 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 inftead of part- 
ed with caloric, and becaufe the quantity of caloric dif- 
engaged in all cafes of combuftion is proportional, not 
to the combuftible, 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 ? 

Supex. Vol. I. Part I. 
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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 a&ion of cold ; whereas moft of the 
gafes refill the loweft temperature which it has been 
poffible to apply. It was natural to expetft, that if ca- 
loiic combined chemically with bodies, its affinity would 
be dift'erent for different fubftances, 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- 
pedl this, becaufe it is the cafe with every other Ebftance 
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 ot the latter, but much greater than that of 
any other fubftances. 

It is owing to this ftrong affinity between oxygen, And^o be 
hydrogen, and azot and caloric, that they cannot be the caufe of 
obtained except in a gafeous form : and we {hall defcribe Etir gafe- 
feveral other fubftances afterwards exaftly in the fameousform* 
circumftances. Had we any Ebftance poffeffed of a 
greater affinity for caloric than they have, we ffiould be 
able, by prefenting it, to deprive them of their gafeous 
form. Doubtlefs there is a difference in the affinity 
between thefe 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 Itate—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 fubftance. 

But though we are acquainted with no fubftance that Why calo- 
has a gi eater affinity for caloric than the bales of the ric appears 
gafes, there are many fubftances which have a greater during 
affinity for thefe bales than caloric has. When any combuftion» 
fuch Ebftance is prefented, the bafe combines with it, 
and the caloric is left at liberty. Thus, wffien 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 combuftion ? 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 twp And during 
bodies combine together, is fet at liberty exadlly in the many che- 
fame manner. When Elphuric acid and water, for in-n:ica*. com’ 
ftance, are mixed together, a very confiderable heat is 
produced; a good deal of caloric, therefore, becomes 
lenflble. 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 caloric becomes manifeft. The water in this cale 
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 ^er- 
two bodies, after combining together, manifetting atainmix" 
much ftrooger affinity for a third body than either oftures Pro_ 

dues cold. Mm them 
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them had while lepavate. TmiSj filver has 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 inftances 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 actually 
the cafe with regard to caloric. Mix together, for in- 
itance, common fait and fnow, 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 contaft, 
till they have obtained a dofe Efficient 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 ftiong affinity for caloric ; they therefore attraft it till 
they are 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 mod complete fet of experiments 
of that nature with which we are acquainted, is thofe 
of Mr Walker, publifhed in the Philofophical Tranf- 
aftions for 1795. We (hall prefent the reiult of his 
experiments in the following Table : 

Table of Freezing Mixtures. 

Mixtures. 

Muriat of ammonia 5 parts. 
Nitre - 5 
Water - - 16 

Muriat of ammonia 5 
Nitre - * 5 
Sulphat of foda B 
Water - - 16 

Thermometer finks. 

From 50° to io° 

From 50 to 4. 

Nitrat of ammonia 
Water 

Nitrat of ammonia 1 
Carbonat of foda I 
Water - - 1 

Sulphat of foda 3 
Diluted nitric acid 2 

Sulphat of foda 6 
Muriat of ammonia 4 
Nitre . - 2 
Diluted nitric acid 4 

Sulphat of foda 6 
Nitrat of ammonia 5 
Diluted nitric acid 4 

Phofphat of foda 9 
Diluted nitric acid 4 

From 50 to 4. 

From 50 to 7. 

From 50 to 3. 

From 50 to 10. 

From 50 to 14. 

From 50 to 12. 
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Mixtures. 

Phofphat of foda 9 parts, 
Nitrat of ammonia 6 
Diluted nitric acid 4 

Sulphat of foda 
Muriatic acid 

Sulphat of foda 5 
Diluted fulphuric acid 4 

Snow 
Common fait 

Snow or pounded ice 2 
Common fait - I 

Snow or pounded ice 1 
Common fait - 5 
Muriat of ammonia and 

Nitre - " 5 

Snow or pounded ice 12 
Common fait - 5 
Nitrat of ammonia 5 

Thermometer finks. 

From 50° to 210. 

From 50 to o. 

From 50 to 3. 

From 32 to o. 

From o to —5. 

From—5 to —18. 

From—18 to—25 

Snow and diluted nitric acid 

Snow - - 2 
Diluted fulphuric acid 1 
Diluted nitric acid 1 

Snow - - I 
Diluted fulphuric acid I 

From o to —46. 

Part I. 
Caloric, 

From —10 to —56, 

From 20 to —60. 

In order to produce thefe effefts, the falts employed 
muft be freffi cryftallized, and newly reduced to a very 
fine powder. The veffels in which the freezing mix- 
ture is made ffiould be very thin, and juft large enough 
to hold it, and the materials ffiould 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 wiffi to produce a cold 
= 46, the fnow and diluted nitric acid ought to be 
cooled down to o, by putting the veffel which contains 
each of them into the 12th freezing mixture in the 
above table, before they are mixed together. If a ftdl 
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 *. # Walhr, 

11. From the fads already known, we may conclude, PW. TW- 
that the particles of caloric have two properties, that 1795- 
of repelling each other, and of attrafting and being at-Sub

a
(®ance« 

trailed by other fubftances. As there is no body inwjjich con- 
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 
attra&ion for the particles of the body, and by the at- traction 
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tra&ion of thefe particles for each other—we cannot 
fuppofe it annihilated : It mull 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- 
lids. 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- 
er cohefive force of the particles of hydrogen allow- 
ing a fmaller quantity of caloric to produce a greater 
effeft. 

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, conflds 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 firfl fight, feems to be an infuperable objedlion 
to the theory, that caloric only combines chemically 
with bodies. It ought to be remembered, however, 
that caloric is not Angular in this refpedl. 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 falls 
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 objeftion 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 fliall be conlidered 
more fully afterwards; at prefent we fhall only attempt 
to explain the adfion 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 product of this combination is oxygen gas; a fub- 
flance poflefled 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 us therefore coniider this compound for a moment 
as a fimple 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 
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feebler than that between oxygen and caloric ; for the 
new compound is eafily broken, and the caloric abforbed 
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 tem- 
perature be accounted for. 

Subdances may be conceived to be conduttors of ca- Caufe of 
loric inverfely as their affinity for it. Good condu&or&the diffr. 
may have very little affinity for caloric ; and for thatre"!con* 
reafon it may be eafily forced through them by the re*powe”f0f 
pulfion of its own particles. But thofe fubftancesdifferent 
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 fubftances 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 attra&ing 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 crud 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 dation, 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 „ 287 

in their place after their union with caloric, we can 
conceive an affinity dill to fublid between the new com. fijlid*. 
pound, thus formed, and caloric. In that cafe the 
new compound, which we fliall call A, would com- 
bine with an additional dole of caloric, and form a 
fecond compound B, differing in feveral refpe&s from 
the fird. We can conceive alfo the affinity between 
the lird 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 particles,' 

M m 2 " 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 
oreater than that of the fir ft 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 lor 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- 
ticles would take this laft dofe from the firft ftratum, 
and form with it a fecond compound B. The third 
ftratum of particles, which is ftill uncombined with ca- 
loric, would now attract this new dofe from the fecond 
ftratum, and combine with it. And, fuppofing the ca- 
loric ftill flowing towards the water, the firft ftratum 
would again form the third compound C, by uniting 
with a frefh dofe : this new dofe would be again at- 
trafted by the fecond ftratum, and the firft ftratum 
would again form the third compound C, by uniting 
with another dofe of caloric. Thus three ftratums of 
particles would be combined with caloric; the hi ft ftra- 
tum would contain three dofes, the fecond ftratum two, 
and the third one. The procefs of heating would again 
ftop ; 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 third. 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 attratted by the 
fecond ftratum of particles, which would combine with 
it and form the third compound C ; the third ftr.aturn 

would attraft it from the fecond, and form with it the 
fecond compound B ; and the fourth ftratum would at- 
traft 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 ftratums of particles would 
now have combined with caloric : the firft ftratum wi h 
four dofes; the fecond, with three dofes; the third, with 
two; and the fourth, with one. We can conceive this 
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- 
fing feries from that part of the water at which the ca- 
loric enters to that part which is fartheft diftant from 
it. The procefs of heating would go on very ilowly ; 
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 fadt to be the manner m which 
all thofe folids are heated which are bad conduftors of 
caloric : in all probability it is the way in which all lo- 
Kds are heated. 

S T R Y. Part I. 
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of affinity, feems at firft fight contrary to fad ; for J 

there is no fubftance whatever which may not be cooled Bodies cool 
indefinitely merely by furrounding it with other bodies each other 
which are colder than itfelf. Place a piece of hot iron,[ecipiocal- 
for inftance, in cold water, it is very foon cooled down^' 
to the temperature of that liquid. This ieems plain 
enough ; the attradion 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. 289 

But it ought to be remembered, that caloric not on-And why. 
ly poffefles 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 repullion between 
its own particles. It is neceffary for all organifed 
bodies, and probably for all bodies, that they fhould 
poflefs 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 {hewn 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 neceflarily 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 fleam 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 diftancetle diffe- 
between their particles. For what is temperature but1^^ ®^ 
the difpofition of a body to part with caloric ? The caloric 0f 
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 Is faid to be the 
lower. If oxygen gas parts with no caloric to a ther- 
mometer which Hands 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 a&ion 
of caloric will appear to thofe who have been accuftom- 

ed 
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ed to look upon I>r Crawford’s opinions on this fubjeft 
as fully proved ; nor do we pretend that it can be re- 
conciled with thefe opinions. But this, we hope, is 
no proof of its falfehood. We think it can be fairly 
deduced from Dr Black’s do&rine 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*1. 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 (i). We do not, how- 
ever, mean to reft its evidence on authority ; let it be 
compared with fadts, and put to the tell 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- 

*ower of11 r*c Pr0^uces thefe effedls is obvious from thofe proper- 
wate^ ° ties of it which have been defcribed. 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 contadl 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 diflblves 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 diflblved is precipitated. 

13. We Ihould come now to the confideration bf the 
two remaining queftions 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 
neceflary to produce this union ? But as the difficulty 
of thefe queftions is not inferior to their importance, 
we ftiall delay any attempt to anfwer them till we come 

192 to treat of affinity. 
Methods of 14. It now only remains to confider the methods by 

caloric"^ whi£h caloric may be obtained in a fenfible ftate. Thefe methods may be reduced to four ; combuftion, percuf- 
fion, fri&ion, and light: the laft of which lhall be con- 
fidered afterwards. 

We have feen already, that the combuftion of fimple 
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, Amply 
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 attracts 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 fenle indeed 294 
it is now employed by feveral writers. But the term Whether it 
combujlion is in common language confined to thole cafes 
where the oxygen was previoufly combined with cal0*OXy^e'n js 
ric, and where a quantity of heat and light become fen-not prefent. 
fible ; 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 unltfs their 
affinity for caloric be greater than for any other fub- 
Itance, they may be capable of combining with other 
fubftances, and feparating from caloric, at leaft the im- 
poffibility of this has never yet been demonftrated. It 
is improper, therefore, to appropriate the word combuj- 
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. \\ hen 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. 1 he 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, 
as has been already explained, coniidered cctmbuftion ^ extrjca_ 
in every inftance as owing to the feparation of phlogif-tionofphlo- 
ton ; and this opinion foon became univerfai. 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 ftate of liberty. I wo 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 of the element of fire. 
Macquer, to whofe iiluftrious labours feveral of the moft Improved 
important branches of chemiftry owe their exiftence,by Mac- 
wai, we believe, the firft perfon who perceived a ftri-clue^, 

king defed 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 coniidered 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, Bidet, 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 inftrudion from their ingenious writings; and many of the fads which we have given were obtained 
from them. 
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diflinguidied 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 manifeits 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 combultible, 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 
dillinff fubllance 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 negledfed, 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 fuffered to burn till they 
were extinguiftied, had undergone a very remarkable 
change ; for no combuftible would afterwards burn in 
it, and no annimal could breathe it without fuft’o- 
cation (k). 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 necefiary to combuftion, by at- 
tracting 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- 
cific caloric of bodies we have already given an 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 fatisfaCtory. But ftill 
the queftion, What is phlogifton ? remained to be an- 
fwered. Mr Kirwan, who had already railed himfelf 
to the firft rank among chemical philofophers by many 
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important difcoveries, and many ingenious inveftiga- Caloric, 
tions of fome of the moft difficult parts of chemiftry,v”" V"" J 

attempted to anfwer this queftion, and to prove that 
phlogifton was the fame with hydrogen*. The fub-* In his 
jedl was now brought to a ftate capable of the moft on 

complete decifion. Does hydrogen adfually exift in all °qo 
combuftible fubftances ? and is it feparated from them Refuted, 
during every combuftion ? The French chemifts who 
anfwered his treatife, ftiewed 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. 3or 

Mr Lavoifier had already put the queftion, What^x'^j"c® 
proof is there of the exiftence of phlogifton at all ? toifdifpro- 
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 phlogijlon in nature ; and of courfe we muft 
conclude that no fuch fubftance exifts (l). 30* 

15. It is well known that beat is produced by the*5^0C*U<^0,,1 

percuffion of hard bodies againft each other. When a||yCperCJ1fa 
piece of iron is fmartly and quickly ftruck with a ham-{;onj 
mer, it becomes red hot; and the produdfion of fparks 
by the collifion of flint and fteel is too familiar a faff 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-Partly t0 

fore hammering is 7,788; after being hammered, 7,840: 
that of platinum before hammering is 19,50; after it, * 
33,00. Now condenfation diminifties the fpecific calo- 
ric of bodies. After one of the clay pieces ufed in 
Wedgewmod’s thermometer has been heated to 1 20°, 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 diminifhed one third f. But * 'T- Wedge- 
we cannot conceive the fpecific caloric of a body to be 
diminifhed without its giving out at the fame time a^j.’ 

quantity 

(ic) Thefe very obfervations 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 w'hat is called t\\e antiphlogiflic 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 phlogijlon, and which is therefore 
called the phlngijlic theory. 

Some chemifts have afte&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 difcoveries of other chemifts, and Lavoi- 
lier had no other merit but that of bringing it into public notice. 

That Mr Lavoifier, virtually at leaft, claimed feveral of the difcoveries of others, we are forry to be under the 
necelfity of acknowledging ; and that many of the experiments, brought forward to difprove the exiftence of 
phlogifton, were fiirft made by others, is known to all the w'orld : but it is equally evident, that the firft perfon 
w ho a&ually formed the theory was Lavoifier ; and furely the merit lies in that. It is not thofe who colledl 
the ftones, and the timber, and the mortar, but he who lays the plan, and fhews 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 detraft 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- 
iier: But we are afraid that envy, or fome worfe motive, guided the pen of one at leaft of the moft active 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 fenow for certain thatca- 
—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 
FhU. Tfa«/this. When the particles of a body are forced nearer 

each other, the repuliive power of the caloric combined 
with them is increafed, and 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 muft then have become denfer, 
and confequently muft have parted with caloric. It is 
an additional confirmation of this, that the fame bar 
cannot be heated a fecond time by percufiion 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 moft cafes owing to the abfence of 
the ufual quantity of caloric. Glafs unannealed, or, which 
is the fame thing, that has been cooled very quickly, is 
always extremely brittle. When glafs is in a ftate of 
fufion, there is a vaft quantity of caloric accumulated in 
it, the repulfion between the particles of which muft of 
courfe be very great ; fo great indeed, that they would 
be difpofed to fly off in every diredtion with inconcei- 
vable velocity, were they not confined by an unufually 
great quantity of caloric in the furrounding bodies : 
confequently if this iurrounding caloric be removed, the 
caloric of the glafs flies off at once, and more caloric will 
leave the glafs than otherwife would leave it, becaufe 
the velocity of the particles muft be greatly increafed. 
Probably then the brittlenefs of glafs 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 
recollect 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 

r body ftruck ; and this is doubtlefs the reafon why thofe 
bodies, the denfity of which is not increafed by percuf- 
fion, as liquids and foft fubftances, are not heated at 
all. 

We fay part of the caloric, beeaufe, often at leaft, 
to 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 adiually 
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 fteel 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 
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convince himfelf by a&ually examining them. Mr Lane Caloric, 
has ftiewn that iron produces no fparks in the vacuum —vr"~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-cryftal (m), or other very hard Sparks e- 
ftones, are ftruck aeainft one another they emit fparks. mitte<^ 
If they be often made to emit fparks above a fheet of^ones 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 ftain. When viewed with a mi- 
crofcope, they feem to have been melted. Muriatic 
acid changes their colour to a green, as it does that of 
lavas *. Thefe fubftances evidently produced the fparks * Lamanon, 
by being heated red hot. Lamanon (n) fuppofes that Jaum. Je 
they are particles of quartz combined with oxygen, I7^3’ 
Were that the cafe, the phenomenon would be pre- 
cifely fimilar to that which is produced by the collifion 
of flint and fteel. That they are particles of quartz 
cannot be doubted; but to fuppofe them combined with 
oxygen is contrary to all experience : for thefe ftones 
never fhew any difpoiition to combine with oxygen even 
when expofed to the moft 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- 
ticles deferibed by Lamanon were pure cryftal unalter- • 
ed, with a quantity of black powder adhering to them; 306' 
He concludes accordingly, that thefe fragments had of 
been raifed to fo high a temperature during their paf-^*^”' 
fage through the air, that they fet fire to all the mi- 
nute bodies that came in their way f. We muft there-1 ^pri.de 
fore either fuppofe that all the caloric was produced by^'*,XVI’ 
mere condenfation, which is not probable, or acknow- 
ledge that we cannot explain the phenomenon. 

16. Caloric is not only produced by percuffion, but Emiffion 
alfo by fri&ion. Fires are often kindled by rubbingof calorie 
pieces of dry wood fmartly againft one another. It is011 hi^ion, 
well known that heavy loaded carts fometimes take fire 
by the fridtion between the axle-tree and the wheel. 
Now in what manner is the caloric evolved or accumu-Not owing 
lated by fridtion ? Not by increafing the denfity of theto.conclec1- 
bodies rubbed againft each other, as happens in cafes of^at‘0!l* 
percuflion ; for heat is produced by rubbing foft bodies 
againft 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 againft bis 
coat. It is true, indeed, that heat is not produced by 
the fridtion of liquids, but then they are too yielding 

to 

(m) Thefe ftones are compofed of almoft pure filica. 
(n) This ingenious and unfortunate young man, to whom we are indebted for thefe fadis, fell a vidiim to bis 

ardour for knowledge. He accompanied La Peroufe in his laft voyage, and was murdered with the moft 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, difinterefted as Lamanon, thus falls prematurely 
before he has attained the objedf 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 
 “ Conjedfure what he might have proved, 

And think life only wanting to his fame.” 
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to be fubje&ed to ftrong friaion. It is not owing to 
the fpecific caloric of the rubbed bodies decreafing; for 
Count Rumford found that there was no fenfible de- 

cicaic u, creafe *, nor, if there were a decreafe, would it be fuf- 
fpecific ca- ficient to account for the vail quantity of heat which is 
loric, fometimes produced by friftion. 

Count Rumford took a cannon call folid and rough 
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* Count Kumtord took a cannon can loan anu rougu 
nioir” ' as ^ 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 9 ,-5 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 Heel 
borer, which by means of horfes was made to rub againft 
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 
io,oco 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 tne end of 30 minutes, when it had 
made 960 revolutions, its temperature was 130°. The 
quantity of metallic duft or fcales produced by this fric- 
tion amounted to 837 grains. Now, if we were to 
fuppofe that all the caloric was evolved from thefe 
fcales, as they amounted to juft -5-j-g- part of the cylin- 
der, they muft have given out 948° to raife the cylinder 
l°, and confequently 66360° to raife it 708 or to 130?, 
which is certainly incredible f. 

Neither is the caloric evolved during fri&ion owing to 
the combination of oxygen with the bodies themfelves or 
any part of them. By means of a piece of clock-work, 
Mr Piftet 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 outfldes 
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 (ize fufficiently fmall to be in- 
troduced into the receiver of an air-pump. By means 
of this machine a piece of adamantine Ipar 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 %vas re- 
peated in the exhaufted receiver of an air-pump (the ma- 
nometer Handing at four lines); no fparks were produ- 
ced, but a kind of phofphoric light was vifible in 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 
fri&ion was over. This (hews 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 
friaion began, and rofe in all 1,2°. When a bit of wood 
was made to rub againft; the brafs cup in the air, the 
thermometer rofe 0,7°, and on fubftituting alfo a wood- 
en cup it rofe 2,1°, and in the exhaufted receiver 2,4°, 

* Plflet fur and in air condenfed to 1 ’ atmofpheres it rofe 0,5° 
ie Feu, ch.9. If thefe experiments be not thought conclufive, we 

' have others to relate, which will not leave a doubt that 

t Ibid. 
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the heat produced by friaion ts not eonneaed with the 
decompofition of oxygen gas. Ccvnt Rumford con- 
trlved, with his ufual ingenuity, to enclofe the cylinder 
above defcribed in a wmoden box filled with water, which 
effedtually 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 to0. After the cylinder had revolved for 
an hour at the rate of 3 2 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 aSually loiled. 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 
fri&ion took place was prevented. But in another ex- 
periment, the refult of which was precifely the fame, the 
water was allowed free accefs *. * Nicbtlfon, 

The caloric, then, which appears in confequence oiibid. 
fri&ion, is neither produced by an increafe of the den-^3**^ 
fity, nor by an alteration in the fpecific caloric of the qUenliy at* 
fubftances expofed to fridtion, 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- 
elufion wdrich Count Rumford is difpofed to draw from 
his experiments is warranted by the premifes. He fup-Thfs no 
pofes, that becaufe we cannot explain the manner that proof that 
caloric is accumulated by friftion, there is no fuch fub-calonc is 
ftance as caloric at all, but that it is merely a peculiar1001 31 ^ 
iind of motion. We would beg leave to alk, how the 
fa&s mentioned in the former part of this chapter, ma- 
ny of which were furniftied 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 aiide, merely becaufe there are other phe- 
nomena in nature connedted with caloric which cannot 
be accounted for ? Were it poflible to prove that the 
accumulation of caloric by fridlion 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 fufficiently 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 eledlricity. Nobody has been hitherto able 
to demonftrate, in what manner it is accumulated by 
fridlion ; and yet this has not been thought a fufficient 
reafon to deny its exiftence. 313 

Indeed there feems to be a very clofe analogy between Analogy 
caloric and eledlric matter. Both of them tend to diffufe between^ 
themfelves equally, both of them dilate bodies, both of^^'-j^ 
them fufe metals, and both of them kindle combuftible 
fubftanccs. Mr Achard has proved, that eledlricity 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 hatched juft as when they are 

kept 
1 
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Caloric, kept at the temperature of 103°. An accident indeed 

'—-v— prevented the chickens from actually coming out ; but 
they were formed and living, and within two days of 
burfting their {hell. Electricity has alfo a great deal of 
influence on the heating and cooling of bodies. Mr 
Pidtet exhaufted a glafs globe, the capacity of which 
was 1200,199 cubic inches, till the manometer within 
it flood at 1,75 lines. In the middle of this globe was 
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-conduCtor of ele&ricity. Two feet and a half from 
the globe there was an electrifying machine, which 
communicated with a brafs ring at the mouth of the 
globe by means of a metallic condudlor. This machine 
was kept working during the whole time of the experi- 
ment ; and confequently a quantity of ele&ric 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 imperfedt 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 
dedfric matter thrown in ; the thermometer rofe from 
49,8° to 70,2° in 1050" ; fo that the eledlricity haften- 
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 exadt- 
ly in the fame manner, the maximum was equal both 
when there was and was not eledtric matter prefent. 
Thefe experiments were repeated with this difference, 
that the candles were now infulated, by placing their 
candlefticks in difties of varnilhed glafs. The thermo- 
meter rofe in the ele&rical vacuum from 52,2° to 74,7° 
in 1050"; in the Ample vacuum in 965". In the elec- 
trical vacuum the thermometer rofe to 770 ; in the 
Ample vacuum to 86°. It follows from thefe experi- 
ments, that when the globe and the candles communica- 
ted with each other, eledlricity haftened the heating of 
the thermometer; but that when they were infulated 

* PiSietfur feparately, it retarded it *. One would be apt to fuf- 
^Ff«.ch.6.pedl thevagency of eledlricity in the following experi- 

ment of Mr Pidlet: Into one of the brafs cups former- 
ly defcribed, a fmall quantity of cotton was put .to 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 wuthout any other 
fcidlion the thermometer rofe five or fix degrees. A 
greater quantity of cotton being made to rub againft 

tHid. ch. 9. the bulb, the thermometer rofe 15 degrees f. 

El 6K-' n0t 1X10311 to ^raw an7 ot;her conclufion from 
rnay b'e an t^ie^e ha&s» than that eledlricity is very often concerned 
agent in the *n the heating of bodies, and that probably fome fuch 
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fiance, and taking it ror granted that it is different 
from caloric, does it not in all probability contain ca- 
loric as well as all ether bodies ? Has it not a tendency 
to accumulate in all bodies on fridtion, whether conduc- 
tors or non-condudlors ? May it not then be accumu- 
lated in thofe bodies which are rubbed againft one ano- 
ther ? or, if they are good condudlors, may it not pafs 
through them during the fridlion in great quantities s? 
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 fridtion ? 

Chap. VI. 0/'Light. 

2$I 
Light. 

heating of agent is employed in accumulating the heat produced 
bodies by by fridlion. Suppofing that eledlricity is adtually a fub- 
richon. Suppl. Vol. I. Part I. 

By means of light bodies are rendered vifible. Light Newtonian, 
has been confidered as a fubftance compofed of fmall theory of 
particles moving in ftraight lines from luminous bodies11^' 
with inconceivable rapidity. The difeoveries of New- 
ton eftabliffied this opinion on the firm bafis of mathe- 
matical demonflration ; 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 fpace, which rendered bodies vifible by 
its undulations. But they fupported their hypothefis 
rather by ftarting objedlions to the theory of Newton, 
than by bringing forward diredl proofs. Their objec- 
tions, even if valid, inftead of eftablifhing 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 quef- 
tion he adopts. Newton and his difciples, on the con- 
trary, have fhewn that the known phenomena of light 
are inconjijlent with the undulations of a fluid, and have 
brought forward a great number of diredl arguments, 
which it has been impoffible to anfwer, in fupport of 
theii theory. It can hardly be doubted, therefore, that 
the Newtonian theory of light is the true one. i6 

Di 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 liars* 
has fhewn from it that the velocity of light is to tl -t 
of the earth in its orbit as 10313 to r. Light there- 
fore moves at the rate of 195218 miles in a fecond. 

Light, by means of a prifm, maybe feparated into Divifible 
feven rays, differing from each other in colour 4 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. ^ 
. ^hen light paffes obliquely into a denfer medium, it Differing 
is refraaed towards the perpendicular ; when into a ra- »n refran- 
rer, from the perpendicular. Sir Ifaac Newton difco-Siblilt)'» 
vered that the rays differed in their refrangibility in the 
order in which they have been named, the red being 
the leaft, the violet the moll refrangible. Mr Blair has 
obferved, that the ratios of the refrangibility of the 
different rays, though not their order, vary fomewhat in 
different mediums #. ^ 

When light paffes within a certain diftance of a body, PM.'l'Zff. 
N n parallelia- 

(o) Dr Franklin did the fame, without taking any notice of thefe philofophers, of whofe opinions perhaps 
he was ignorant. See TranJ. Fhilad. III. 5. • y- 4 a\ 
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parallel to which It Is moving, it is bent towards it ; 
when it paffes at a greater diftance, it is bent/rom it 
The firft of thefe properties is called inflexion, the iecond 
defleBibn. Now the rays differ in thefe properties in the 
order in which they were named ; the red being moff 
the violet lead, inflexible and deflexible. This was fui- 
pe&ed by David Rittenhoufe *, but was firft demonitra- 
ted by the ingenious experiments of Mr Brougham f. 

When light falls upon a vifible body, fome of it is re- 
flefted back ; and the more polilhed or the whiter any 
furface is, the more light it refleds. The rays of light 
differ alfo in reflexity, the red being the molt, the vio- 
let the leaft reflexible. This difcovery we owe to the 
fame ingenious gentleman ^ f 

Thefe properties of light conftitute the fubjedt oi 
Optics; to which we refer thofe who wilh to fee 
them inveftigated. We mention them here becaufe they 
prove that light is added on by other bodies, that it is 
fubjedled to the laws of attraddion, and confequently 
that it poffeffes 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 direddions, from lumi- 
nous bodies, feems to be owing to feme fuch property. 

o. Light is capable of entering into bodies, and re- 
maining in them, and of being afterwards extricated 
without any alteration. Father Beccaria, and feveral 
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 difeovered by carrying them mftantly from the 
light into a dark place, or by darkening the chamber m 
which they were expofed. Mold of thefe fubftances, 
indeed, lofe this property in a very ffrort 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 interefting experiments 
on this fubjedd, and for difeovering a compofition which 
poffeffes this property in a remarkable degree. He cal- 
cined fome common oyfter (hells in a good coal lire for 
half an hour, and then pounded and fifted the pureit 
pvt 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 icraped 
off, and kept for ufe in a dry phial well flopped. When 
this compofition is expofed for a few leconds to the 
light, it becomes fufficiently luminous to ename a Per- 
fon to diftinguiffi the hour on a watch by it. Atter 
fome time it ceafes to ftiine, but recovers this property 
on being again expofed to the light. Light then is 
not only added 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- 
buftion ; and it has been objedded to this concluiion, 
that thefe bodies are luminous only from a flow and 
imperceptible combuftion. But furely combuidion cuii- 
not be fufpedded in many of Father Beccana’s experi- 
ments, when we refledd that one of the bodies on which 
they were made was his own hand, and that many o 
the others were altogether incombuftible; and the phe- 
nomena obferved by Mr Canton are alfo incompatible 
with the notion of combuftion. His pyrophorus .hone 
only in confequence of being expofed to light, and loii 
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that property by being kept in the dark. It is not bight, 
expofure to light which caufes fubftances capable 
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, w hich renders them again 
luminous : but Canton’s pyrophorus, on the contrary, 
when it had loft its property of fliining, did not recover 
it by the application of heat, except it wras accompa- 
nied by light. The only effedd 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, w-ere 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 watet ; the pyrophorus which had been in the wa- 
ter formerly did not ihine, 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 wLen 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 ffione 
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 
eleftricity communicated fome light to them. Surely 
thefe fadfs are altogether incompatible w'ith combuftion, 
and fully fufficient to convince us that light alone was 
the agent, and that it had a&ually 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 Wllfon has proved, that in ma- 
ny cafes at leaft it is different, and in particular that 
on many pyrophori the blue rays have a greater effedl 
than any other, and ..that they caufe an extrication of 
red light. Mr de Groffer has ftiewn the fame thing 
with regard to the diamond, w'hich is a natural pyro- 
phorus *. Still, however, it cannot be queftioned that *>r. * 
the luminoufnefs of thefe bodies is owing to expofure ™yf ^ 
to light, and that the phenomenon is not connefted with 
combuftiou. . . . 

But light appears capable not only of enter,ng mto And otbr. 
bodies, But of combining with them chemically. The S ^ 
phenomena of the phofphori feem to be inftances of^em. 
this, and a great many fadts 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 ie'lndf„se„. 
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, 1 Scbeete, 
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 

-v--—-1 either combine with the oxygen or the metals. If a 
* ^r^***-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 decompofed by means of light, and refol- 
ved into nitrous acid and oxygen gas. The light mull 
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 
fante 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 fufpetl that light makes one 
of the ingredients of oxygen gas. Caloric has already 
been (hewn to make another ingredient. 

During combuibion, a quantity of light as well as ca- 
loric is almoft always evolved. We mull conclude, there- 
fore, that light makes a part of the compofltion either 

bullion fu of tlie combultibles themfelves, or of the oxygen gas 
pofed com-with which they unite. We have already (hewn that 
bined with oxygen gas probably contains light; and this probabi- 
oxygen gas. js confirmed by another fa£t. Subftances may be 

combined with oxygen without the emiffion of any 
light, provided the oxygen be not in the ftate of a gas. 
If phofphorus, for inftance, be put into nitric acid, it 
attracts 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 combuftible, it ought to appear in all cafes 
when that combuftible is united with oxygen, whether 
the oxygen has previoufly been in the ftate of a gas or 
not. But as this is not the cafe, we may certainly in- 
fer, that the light which appears during combuftion is 
extricated, not from the combuftible, but from the oxy- 
gen gas. And this feems at prefent to be the opinion 
of the greater number of philofophers. 

But we muft acknowledge, that this conclufion is 
rot without its difficulties, and difficulties, too, which, 
in the prefent ftate of chemiftry, it does not feem poffible 
to furmount. 

Difficulties In the firft place, it is evident, that light may be pro- 
attending duced during combuftion, though the oxygen be not in 

the ftate of a gas : For if nitric acid be poured upon 
oil of turpentine, the oil takes fire, and burns with the 
greateft rapidity, and a great deal of light is emitted. 
This combuftion is occafioned 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 muft contain light 
when not in the ftate of a gas. Mr Prouft has ffiewn 
that a great variety of fimilar combuftions 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 emiffion of any light. In that 
cafe they take place very flowly, as happens alfo when 
phofphorus decompofes nitric acid ; fo that the emif- 
fibn or non-emiffion of light feems to depend not upon 
the ftate 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 

this opi- 
tiion. 
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vifible ; and this is very probably the cafe: but then the , B’gfo- a 
proof is deftroyed that light exifts in oxygen gas, from 'v 

its not appearing during combinations in which the 
oxygen did not exift previoufiy in a galeous ftate. 

In the fecond place, the colour of the light emitted 
during combuftion differs almoft always according to 
the combuftible. During the combuftiou of phofpho- 
rus, tin, and zinc, the light emitted is white ; during 
that of fulphur 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 combuftible ? 

In the laft place, the phenomena of phofphori (hew 
that light is capable of entering into other bodies as well 
as oxygen gas; and the emiffion of light on the colli- 
lion of two flint {tones, when no oxygen gas can be de- 
compofed, is a proof of the fame kind, which cannot be 
got over. 

In the prefent ftate of chemiftry, therefore, it cannot 
be concluded, that the light emitted during combuftion 
does not exift in the combuftibles as well as in the 
oxygen. 3^5 

4. Light has the property of heating bodies. All ^eai? 

bodies, however, are not heated by it. Thofe ’.vhieti ie5* 
are perfectly tranfparent, or which allow all 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 effedt. Neither 
does it produce much change upon thofe bodies (mir- 
rors for inftance) that refledt 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 polilh, or, which is the fame thing, to the 
quantity of light which is refledted. So that we have 
reafon to conclude, that if a fubftance could be procu- 
red which refiedted all the light that fell upon it, the 
temperature of fuch a fubftance would not be at all af~ 
fedted 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 coniequently 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, refiedl Id’s of it than thofe 
which are light-coloured. But fince the fame quantity 
falls upon each, it is evident that dark-coloured bodies 
muft 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 from 
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 
juft as little light as the other*. In this cafe, the*J%V'. 
light which ought to have proceeded from the lumi- 
nous marble difappeared : it muft therefore have been 
flopped in its paffage out, and retained by the black 
paint. Now black fubftances are thofe which abforb 
the moft light, and they are the bodies which are moil 
heated by expofure to light. Cavallo obferved, that a 

N n 2 thermometer 
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Lignt. thermometer with its bulb blackened ftands higher than 

one which has its bulb clean, when expofed to the light 
* FLU. of the fun, th<Might of day, or the light of a lamp *. 
SVaa/.iySc.Mr Piftet made the fame obfervation; and took care to 

afcertain, 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 raifed a certain number of 
degrees, the clean one fell a good deal failer than the 

f Sj/r/<? other f. But it is not a fmall degree of heat alone 
Feu, cb. 4. which can he produced by means of light. When its 

rays are concentrated by a burning-glafs, they are ca- 
pable of fetting fire to combuftibles with cafe, and even 
of producing a temperature at leaft as great, if not 
greater, than what can be procured by the moft violent 
and beft conducted fires. In order to produce thi® ef- 
fect, however, they muft be dire&ed upon fome body 
capable of abforbing and retaining them ; for when 
they are concentrated upon tr.mfparent bodies, or upc n 
fluids, mere air for inftance, they produce little or no 
cffefl whatever. We may conclude, therefore, in ge- 
neral, that in all cafes when light produces heat it is 

316 abforbed. 
Heat ren- All bodies become luminous when their tempera- 
der? bodies j-ure Js raifed a certain number of degrees. No fadl 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 hitiierto 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 fhine, for fome time after 
it has been taken from the fire and put into a dark 
place. The conftant aceeffion, then, either of light or 
heat is not neceffiiry for the fhining of bodies : but if 
a red hot body be blown upon by a ftrong current of 

} T. Wedge- aii% it ceafes to fiiine immediately Confequently the 
ivood, Phil, moment the temperature of a body is diminiihed by a 

792'certain number of degrees, it ceafes to be luminous. 
Whenever a body reaches the proper temperature, it 

becomes luminous, independent of any contact of air ; 
for a piece of iron wire becomes red hot while immerfed 

§ Id.ibtd. -n me}tecJ ]eacJ 

Except the ^ t^13 general there is one remarkable excep- 
gafes. 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 ftt 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 pals out, but none to enter. There 
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was another opening in this globular vefle! filled with Light, 
glafs, that one might fee what was going on within. 
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 paffing 
through the red hot fand, came into the globular veffel. 
It did not fhine ; but when a piece of gold wire E 
was hung at that part of the veffel where the earthen 
ware tube entered, it becajpe 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 ln<lu,ry 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 lieat 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 ftate of liberty ? 

To thefe queftions it may be anfwered, That if calo- 
ric and light wure 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™^, 
light does it altnoft inftantaneoufly. When oxy-muriatic T-ranf'*19'i 

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. Light then 
decompofes this acid ; for if you wrap up a bottle in 
black cloth, fo as to exclude light, and then expofe it 
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 has proved (p ), that the 
rays of light direfted on certain parts of glaffes, con- 
taining folutions of falls, caufe them to cryftallize in 
that part in preference to any other -f. Thefe obferva-1 Mem. ^ 
tions have been confirmed and extended by MrDorthes^a 
Now caloric produces no fuch effefts, nor has the tem- \i 
perature any influence on the phenomenon. 32. 

Thefe fa&s are fufficient to fliew that light and calo- 
ric, even when they have entered into bodies, produce 
different effects, and that therefore they have different 
properties (ct_). But if the only difference between them 
were, that the one is in a ftate 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 preeifely 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. py. 
and 331. 

(qJ We muft 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 line?. 

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 

... , Mfible 
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I ;oh. but different fubftances (r). How then does caloric oc- 
’g cation the appearance of light, and light that of caloric? 

3^9 We have feen already, that there is no body in nature 
Suppofed which does not contain caloric ; and light has fuch an 

T'mrtual influence upon everything, it produces fuch important 
rtpuTfiorT changes upon the animal and vegetable kingdoms, it 
of light and can be extricated from fuch a vaft number of bodies, 
caloric. that ;n 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 afcertaining 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- 
fiderable. 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 dafe. If fuch a repul- 
fion a&ually exifts, it will 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 a&ually 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 
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more either of caloric or light is added to any body, the ^ < 
ftronger muft the repulfion between their particles be- *—*v——' 
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, becaufe p^rt 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 pyrophoruS 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-(hells, and a great many others, 
which are enumerated by Mr Thomas Wedgwood*. * pm 

The fame ingenious gentleman has obferved, that Tr^s/ 
gold, filver, copper, and iron, become luminous whenP-^ 
heated in times inverfely proportional to their ifpecific 
calorics f. Now the fpeclfic calorics of thefe metals ^ 
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 
.c to T4

C (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 14,3°. 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- 
pofition of the glafs, the thermometer had nfen from 20 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 11 i° • yet the light which fell on the thermometer did not leem at all diminifhed by the glafs. Mr Met 
therefore’concluded, that the caloric had been refkaed 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 fcreen of filk„vvh;ch 
had been inferpofed between the two mirrors, was removed, a Fahrenheit’s thermometer, which was rn the other 
fticus rofe from 470 to 504 ; and the moment the matrafs was removed from the focus the thermometer again 
defcended. On repeating the experiment, with this variation, that the bulb of the thermometer, vvas blackened, 
lt ThVnfiTrors1 oftin w?e*re now placed at the diftance of 90 inches from each other ; the matrafs 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' 

J th of a degree of Reaumur. Exaftly in the middle fpace between the two mirrors, there was placed a very thin 
common glafs mirror, fufpended in fuch a manner that either fide could be turned towards the matrafs. When 
the oolifhed fide of this mirror was turned to the matrafs, the thermometer rote only 0,5®; but when the fide 
covered with tinfoil, and which had been blackened with ink and fmoke, was turned toward the matrafs, the ther- 
mometer rofe 2 <r° In an.ther experiment, when the poliflied fide of the mirror was turned to the matrafs the ther- 
mometer rofe 3°, when the other fide 9,2°. On rubbing off the tinfoil, and repeating the experiment, the ther- 
mometer rofe 180 On fubftituting for the glafs mirror a piece of thin white pafteboard of the fame dimenfions 
with it, the thermometer rofe to0. On putting a matrafs full of fnow into one of the foci (the mirrors m thisr 
experiment were io4 fret diftant from each other), the a,r thermometer/^ feveral degrees, and rofe again when 
the matrafs was removed. When nitric acid was poured on the Inow the thermometer funk 5° or 6- lower 

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 diame- 
ter lnto 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 fcreen, which was re- 
moved as foon as the bullet reached the focus. The thermometer rofe the mftant the fcreen was remove^ with- 
out any perceptible interval : hence he concluded, that the time caloric takes in moving 69 feet is too fhort to* 
be meafured. See Piftei fur le Feu, chap. in. . . » 

(r) See more on this fubjeft under Tukwometric SfeBrum in this Supplement,. 
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Ugh*. They become luminous, therefore, when expofed to 

''—'V'-'''the fame degree of heat, in the following order : 
Gold, 
Silver, 
Copper, 
Iron. 

Now the fmaller the fpecihc caloric of any body is, 
the lefs rnnft be the quantity of caloric necelfary to 
raife it a given number of degrees ; the fooner therefore 
mud it arrive at the temperature at which it gives out 
light. It was natural to expeft, then, if the emiifion of 
light from a body by the application of heat be owing 
to the repulfion between caloric and light, that thofe 
bodies fliould become luminous fooneit 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 conclufion is, Whether 
the fame quantity of caloric entered all of them ? That 
depends upon their conducting power, which, accord- 
ing to Ingenhoufz, is in the following order: 

Silver, 
Gold, 
Copper, 
Iron. 

We fee, then, that this condufting 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 between 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 feemsto be greater than 
that between the red rays and caloric; and the repulfion 
between all the rays and caloric feems to be dire&ly as 
their refrangibility : accordingly, when heat is applied 
to a bodyr, the blue rays efcape fooner, and at a lower 
temperature, than the red rays and others which are 
inoft refrangible. When fulphur, for inftance, is burnt at 
a low temperature, the colour of the dame is blue ; and 
when examined byr the prifm, it is found to confift of the 
violet, indigo, blue, and fometimes of a fmall quantity of 

* Morgan t^e green rays* 5 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 lolt the greater part of the moft refrangible rays ; 
hence the red appearance of bodies, charcoal for in- 
ftance, that have burnt for fome time, the only rays which 

| Hid. remain to feparate being the orange, yellow, and red-)-. 
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 

| Sennelinr. rayst: hence we fee the reafon why the application of 
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the blue rays to Mr Wilfon's pyrophori and to the dta- 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 actually extricated du- 
ring the combuftion of hydrogen, and muff 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 and 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- 
nifh 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 ihould 
produce heat, and why light only occafions heat in 
thofe bodies that abforb it. 

Such is the theory of the caufe of the reciprocal ex- 
trication of light and caloric by the application of thefe 
fubftances refpeftively 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. . 

It is not, however, beyond the reach of obje&ions, Obje<ftion» 
and obj eft ions 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 ia ‘ ‘ 
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 diminiftt- 
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) $. _ § Shaw** 

Whether light would continue to extricate a great Boyle, in. 
deal of caloric during fo long a time, has never been 468. 
tried : but we have no reafon for fuppoiing that its 
power to produce that effeft 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 effefts, far from being inexhauftible, ought, ac- 
cording to the theory, to come very fpeedily to an end. 
It is certainly probable, then, as other philoiophers 
have fuppofed, that though light and caloric are not 
precifely one and the fame fubftance, they are fome how 
or other intimately connefted, and are either compofed 
of different proportions of the fame ingredients, or the 
one enters into the compofition of the other. 

One 

(s) Particularly by Dr Parr, who is faid to be the author of a paper on this fubjeft, publiffied in the Exeter 
Memoirs. 

(r) A gentleman, to whom we mentioned this objeftion, obferved, that in the cafe of bodies long expofed to 
heat, the light which appears to proceed from them, might, in faft, 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 fafts mentioned in the text are rather hoftile to it; but ffiould it prove 
well founded, it would go far to remove moft of the difficulties in which the theory of light is at prefent involved. 
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De Luc’s 
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f In his 
Jdees fur la 
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C H E M I 

One of the firft theories of this kind (for the opinion 
of'Stahl has been already difcufled) was formed by Mr 
Scheele one of the moft extraordinary men and great- 
eft philofophers that ever exifted._ Without the affift- 
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 linifhed 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 whil- 
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, conducted 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 
moft phlogifton. By phlogijion Mr Scheeie feems to 
have meant hydrogen. It is needleis 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 ftrufture fhall 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- 
cording to him, light is a body which moves conftantly 
in ftraight lines, with fuch rapidity that its gravitation 
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 poffeffes very different properties from 
light. Caloric is conftantly defcribing helicoidal curves 
round an axis, which accounts for the ftownefs of its ap- 
parent motion. Light produces or increafes heat, part- 
ly by increafing the expanftve power of caloric, and 
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partly by combining with the unknown fubjlancet and 
forming new caloric ; caloric, on the other hand, is al- 
ways decompofed when bodies become luminous. This 
theory is oertainly 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, theory* 
but of rather too fpeculative a turn of mind, and who 
fometimes involved himfelf in difficulties from his very 
ingenuity. All his writings diiplay evident marks of 
the profound philofopher ; they contain much inftruc- 
tion ; and even his rniltakes 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 laft 
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 contradiction ; for how could light become 
fixed in a body, unlefs it were attradfed by it ? and if 
light poffeffes attraction, it furely cannot be deftitute' 
of gravity ; for what is gravity but attraQion (x) ? 

Thus, notwithftanding the ingenuity of the philofo- 
phers who have attempted to inveftigate this part of 
chemiftry, the connection between light and caloric is 
ftill unknown. We muft content ourfelves, therefore, 
with confidering them at prefent as diftinCl 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 Meffrs Gadohn, Efpling, and thofe who knew him 
in his latter days, wras irreproachable and praife worthy. His outward appearance vras not expieffive of the great 
mind which lay concealed as it were under a veil. He feldom joined m the ufual converfatxons and amufements. 
of focietv having as little leifure as inclination to do lo ; for what little time he had to Ipare fiom the hurry of 
his profeffion (an apothecary), was conftantly filled up in the profecution of experiments. It was only when 
he received vifits from his friends, with whom he could converfe upon his favourite fcience, that he indulged him- 
felf in a little relaxation. For fuch friends he had a fincere affeftion, as he had alfo for 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 
Meffrs Erhart, Meyer, Kirwan, Crell, and feveral other chemifts. See Crelt s Life of Scheele. 

(v) This candid philofopher afterwards acknowledged, that the proofs for the compofition of w^ater were 
comolete * but we do not know exa&ly 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. 

M See his differtations on different fubjeds of natural philofophy. . . 
(V) Indeed Dr Hutton refufed this property to gravitating matter alfo ; following, in this particular, the 

theory of the celebrated Bofcovich. . 
We hope not to be accufed of difputing merely about the meaning of a word, till what is faid on this, 

fubjed in the chapter of the prefent article, which treats of Affinity, has been examined. 
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Part II. Of COMPOUND BODIES. 

Part II. 

3*4 
Weieht of 
water. 

Water. rT~'0 thofe bodies which are compofed of two fmple 
—v—i. julf'arces combined together, for want of a better 

name we have given the appellation of compound bodies. 
They may be reduced under five clafles: 

1. Water, 4. Alkalies, 
2. Alcohol, 5. Acids. 
7,. Oils, 

Thefe fiiall be the fubjeft of the five following chap- 
ters; and we lhall finifh this part of the article withfome 
obfervations on Affinity. 

, . Chap. I. O/Water. 

Water is a well-known liquid, found in abundance 
in every part of the world, and abfolutely neceffary for 
the exiftence of animals and vegetables. 

When pure, in which Hate it can be obtained only 
by diftillation, it is tranfparent, and deilitute of colour, 
tafte, and fmell. 

A cubic foot of water, at the temperature of 550, 
weighs, according to the experiments of Profefibr Ro- 
bifon of Edinburgh (fee Specific Gravity, Encycl.), 
<398,74 avoirdupois ounces, of 437, ? grains troy each, 
or only 1,26 ounces lefs than joco avoirdupois ounces; 
fo that rain water, at the fame temperature, will weigh 
pretty nearly 1000 ounces. The fpecific gravity of 
water is always fuppofed ~ 1,000, and it is made the 
meafure of the fpecific gravity of every other body. 

When water is cooled down to 32°, it affumes the 
form of ice. If this proccfs goes on very flowly, the ice 
affumes the form of cryftalline needles,, eroding each 
other at angles either of 6o° or 1 200, as Mr de Mairan 
has remarked ; and it has been often obferved in large 
cr} Hals of determinate figures. Ice, while kept at a 
temperature confiderably below 3 2°, is very hard, and 
may be pounded into the fined dull. It is elaftic. Its 
fpecific gravity is lefs than that of water. 

When water is heated to the temperature of 2X2°, 
it boils, and is gradually converted into fteam. 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 conftrudled. 
See Steam and Steam-Engine, Encycl. 

The phenomena of boiling are owing entirely to the 
rapid formation of lleam at the bottom of the veflel. 
The boiling point of water varies according to the pref- 
fure of the atmofp&ere. In a vacuum water boils at 
90°; and when wrater is confined in Papin’s digefter, it 
may be almoft heated red hot without boiling. The 
mixture of various falts with water affect its boiling 
point confiderably. Mr Achard made a number of ex- 
periments on that fubjedt ; the refult of which may be 
feen in the following Tables* : 

335 
Ice. 

3*6 
Steam. 

337 
Boiling 
point of 
water. 

338 
Impregni- 
ted with 

falls. 

* Trarf. 
Berlin, 
2783. Class I. Salts ’which do not affeB the Boiling Point. 

Sulphat of copper. 
Class II. Salts which raife the Boiling Point. 

- ...if Muriat of foda T Raifes the f 10,35* 
A at mate 3 Sulphat of foda i- boiling -5 5,6 

folution 0 £ Sulphat of potafsj point t 0,9 

A faturated t Nitrrt of potafs r 1 . • < Jioracic acid folution of I „ . r r j t Carbonat of loda 

Raifes the f 3,5° 
boiling 4 2,2 
point _ (_2,35 

This augmentation varies with the quantity of fait 
diffolved. In general, it is the greater the nearer the 
folution approaches to faturation. 

1 

Water. 

B 

Class III. Salts which lower the Boiling Point. 
T In a fmall quantity, lowers the boiling 

x,35o 
0,22 
2>47 
1,1 
0,0 
0,7 
0,0 
2,02 
°AS 
0,22 
1,24 

0,4.5 
9»79 
°’4j( 
I 1,2 339 

< point - 
(.Saturated folution of, 

c , i . r r r In a fmall quantity, Sulphat ofmaguef.a, |Satura;ed 

f A very fmail quantity of, 
Alum, < A greater quantity, 

(. A faturated folution of, 
Sulphat of lime, "1 . f* 
Sulphat of zinc, | . . . i 
Sulphat of Iron, f '■> any Proportion, -( 
Acetite of lead, J 

Class IV. 

MUriat of C SlTJa11 of> lowers the boil- 
• % inR point ... ammonia, ^ Saturated folution of, raifes do. 

Carbonat T Small quantity of, lowers do. 
of potafs, Saturated folution of, raifes do. 

Wqter was once fuppofed to be incompreffible, but Water 
the contrary has been demonftrated by Mr Canton. The compref- 
Abbe Mongez made a number of experiments, long af-^9* 
ter that philofopher, on the fame fubjetf, 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 fubftancenaturs* 
which nouriflies 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 fubffances found in vegetables.—Mr Boyle 
having digefted pure water in a glafs veffel 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* sia-w't 
earth by diftilling water in a tall glafs veffel over a Boyle, hi. 
flow fire-j-. Margraf repeated the experiment with the 417- 
fame refult, and accordingly drew the fame conclufion. f u 

But the opinion of thefe philofophers was never very* 
generally received. The laft perfon who embraced it 
was probably Mr Wafelton, who publilhed his experi- 
ments on the fubjedt in the Journal de Phyjique for 
178c. Mr Lavoifier had proved, as early as 1773, that 
the glafs veffels in which the diftillation was performed 
loft a weight exadlly equal to the earth obtained. Hence 
it follows irrefiftibly, that the appearance of the earth, 
which was fih'ca, proceeded from the decompofidon of 
the veffels ; for glafs contains a large proportion of fili- 
ca. It has been fince fliewn by Dr Prieftley, 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 has 
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Water, contributed more perhaps than any other to the advance- 

ment of the fcience of chemiftry, by ftirnifhing a key 
Hiftoryof ^or explanation of a prodigious number of pheno- 
the difco- mena. The evidence, therefore, on which it refts, and 
very of its the objections which have been made to it, deferve to 
compofi- be examined with peculiar attention. 
tl0n’ The firft perfon probably who attempted to difcover 

what was produced by burning hydrogen gas wasScheele. 
He concluded, that during the combuftion oxygen and 
hydrogen combined, and that the product was caloric. 

In 1776 Macquer, affilled 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 moiflened with drops of a clear 

#Macquersliquid, which they found to be pure water*. 
Ditfionary, Next year Bucquet and Lavoifier exploded oxygen 

®rt‘ Ga/’™‘and hydrogen gas, and made an attempt to difcover 
what was the product; 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 
difcover; but they proved that no carbonic acid gas was 
formed, and confequently that Mr Bucquet’s hypothefis 

f ^».P«r.was iU founded f. 
1781,470. In the beginning of the year 1781, Mr Warltire, at 

the requelt of Dr Priellley, fired a mixture of thefe two 
gafes contained in a copper vefiel; and obferved, that 
after the experiment the weight of the whole was dimi- 
niflied. Dr Prieltley had previoufiy, in the prefence of 
Mr Warltire, performed the fame experiment in a glafs 
veffel. This veflel became moift in the infide, and was 

f Priejihy, covered with a footy fubftance J, which Dr Prieftley 
v* 39J* afterwards fuppofed to be a part of the mercury ufed in 
§ Phil. filling the vefiel 
Tiw*/: jn the fummer of 1781, Mr Henry Cavendifii, who 

xiv.33a. had been informed of the experiments of Prieftley and 
Warltire, fet fire to 500,000 grain meafures of hydrogen 
gas, mixed with about l\ 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 Cavendiih mull therefore be con- 
fidered as the real difcoverer of the compofition of wa- 
ter. He was the firft who afcertained that water was 
produced by firing oxygen and hydrogen gas, and the 
firft that drew the proper conclufion from that faCt. 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 afcertain the fail, before Mr Cavendifii had com- 
municated his ; but he had been deterred from publifh- 
ing his theory by fome experiments of Dr Prieftley, 

fj l»cv.which appeared contrary to it |j. Pie has therefore a 
claim to the merit of the difcovery ; a claim, however, 
which does not affedt Mr Cavendiih, 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 fufpe&ed that wKen oxygen and hydrogen gas were 
exploded, fulphuric or fulphurous acid was produced, 
made an experiment in order.to afcertain the fa£t, at 
which Mr Gingembre afiifted. They 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 pafied a copper tube, by means of which 
a ftreara 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^oduft whatever*. This refult aftonifhed # Mem. 
Mr Lavoifier exceedingly: he refolved, therefore, to re.Par. 1781, 
peat the experiment on a larger fcale, and if pofilbleP* 4?o. 
with more accuracy. By means of pipes fumifhed with 
fiop-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 Meflrs 
Le P.oi, 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 
all their flock of gafes was wafted, and obtained about P,472, 

295 grains of water, which, after the moft rigid exa- 
mination, appeared to be perfe&ly pure. From this 
experiment Lavoilier concluded, that water was com- 
pofed of oxygen and hydrogen. Mr Monge 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£t beyond doubt J. f 

The proofs that water is a compovfhd are of two P* 474- 
kinds ; it has been adtually compofed, and it has been T. _ 
decompofed. 

With regard to the compofition of water, we (hallfition of 
relate the celebrated experiment made by Lavoilier and water. 
Meufnier in the month of February 178 T, in the prefence „ 343 
of a numerous deputation from the academy of fciences, mej^

r^£ 
and fo many other fpeftators, that it may be confidefed i.avoifier 
as having been performed in public. Every precaution an<l Meuf- 
was taken to enfure fuccefs. The gafes had been pre-mcr* 
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 palling fteam 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 
furnilhed with ftop-cocks; and the moft ingenious con- 
trivances were employed to afcertain exactly the quan- 
tities of each which were confumed(v). The whole 
machine is defcribed at large by Mr Meufnier in the 
Memoirs of the Academy of Sciences for 1782. 

O o The 

(y) A variety of inftruments have been invented by the French chemifls for that purpofe. Thefe inftrilments 
they have denominated Gazometert. 
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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 difficul,t to avoid, as 
the weight is altered by the fmalleft difference of tem- 
perature. This water had a (light fmell, and a tafte 
fenfibly acid; it reddened (lightly blue paper, and effer- 
vefced 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 fufficient 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 ; it was diminiftied by nitrous gas (2) 
precifely as gas would be which contained 0,24 parts 
of oxygen ; it rendered lime-water fomewhat turbid, 
which indicated the prefence of carbonic acid gas. 

From the'comparifon 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 
Fevre de Gineau upon a ftiil larger fcale, and in the 
prefence of a great number of fpedfators. It continued 
for no lefs than 12 days, and was performed with the 
mod rigorous exadtnefs of which experiments o( that 
nature will admit *. 

The oxygen gas employed, which had been procured 
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 diffoiving 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 com- 

buftion, which amounted to - - T>° 
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>Q 

In all - - 20193,0 
Which is juft 30 grains lefs than the weight of the gafes 
■which difappeared, or tfTT part of their weight. This 
^iffe rence arofe from the fame difficulties which attend- 

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 produft. 

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 I* I1 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 affefted 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 ^th 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 Lavoilier, that 

it muft be confidered as a very ftrong confirmation of it. 
In the year 1790, another fimilar experiment waS£Xpe

4
rj. 

performed by Seguin, Fourcroy, and Vauquelin, in thementof 
prefence of a number of commiffioners appointed by the^egum, 
.Academy of Sciences. Every precaution was taken to^av'Tu- 
afcertain the quantity of gas employed with the utmoftq.je]^ 
exa&nefs, and to exclude all atmofpherical air as com- 
pletely as poffible. 

The hydrogen gas was procured by diffoiving zinc 
in fulphuric acid diluted with 7 parts of water. The 
oxygen gas was obtained by diddling 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 11 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- 
iides 415,256 cubic inches of azotic gas. They afeer- 
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 ,4051 of a grain 
troy. The weight of the whole oxygen gas employed, 
therefore, was 5296,659 gra,'ns troy; and that ot the 
azotic gas mixed with it 151,402 grains troy. 

The 

fz) 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 dffcover 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 phiiofophers never quitted the labora- 
tory. The flame was exceedingly fmall, and the heat 
produced by no means great. This was owing to the 
very fmall ftream 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 refpeft 
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 veffel after combuftion 
amounted to 987 cubic inches (French) ; and on be- 
ing examined, was found to confift of the following 
quantities of gafes : 

Azotic gas, . . - - . 467 cubic inches. 
Carbonic acid gas, - - - 39 
Oxygen gas, 465 
Hydrogen gas, - - - - 16 

Total - 
The ‘weight of ‘which 

Azotic gas,  
Carbonic acid gas, - - - 
Oxygen gas, - 
Hydrogen gas, - - - 

- 987 
is as follows : 

- 170,258 gr. troy. 
- 23,306 
- 188,371 

0»53° 

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 fmall 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 was 151,178 
The quantity found in the refiduum was 170,258 

There was therefore a furplus of - - - 19,080 gr. 
As fufficient 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 fmall 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 reiiduum 
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 
,530 of a grain of hydrogen, which remained in the veffel, 
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 188,3 71 grains, 
the quantity of oxygen that difappeared will amount 
to 5093,940 grains. 

S T R Y. 
Hydrogen that difappeared, • 852,690 gr. troy. 
0xygen» 5093.94° 

29I 
Water. 

346 
Obje6tion« 

Total, - - 5946,630 
Quantity of water obtained, 5943,798 
Which is lefs than the gafes 

confumed by ----- 2,832 grains *. * Ann.de 
Such are the principal experiments upon which thec,6w>. viii. 

opinion is founded that water is a compound. Let us Mi* 
examine them, and fee whether they are fufficient to 
eftablifti that opinion. The circumftances which chiefly 
claim our attention, and which have been chiefly infift- 
ed on, are thefe : 

1. The whole of the gafes was not confumed. 
2. In the refiduum were found feveral fubftancesto the com- 

which were not introduced, and which muft thereforepofidon of 

have been formed during the combuftion. water exa- 
3* The water obtained was feldom perfeCUy pure. mi“e 

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 diflblved 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 impofiible for 
that to take place, allowing them to be perfe&ly 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 atmofpheric air be excluded ? 
In the laft experiment, notwithftanding every precau- 
tion, 15 cubic inches (French) were admitted ; and 
there is reafon to believe from the refults, that the quan- 
tity was even coniiderably greater than this. But if 
any atmofpheric air be admitted, there muft be a refi- 
duum of azotic gas. 

In the firft experiment, it had been previoufly afeer- 
tained that the oxygen gas employed contained -^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 ^th 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 T-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 which is dlre&ly contradiaed by a great num- upon were large ; in all of the experiments feveral thou- Water. 
ber of well afcertained fads. fand grains, and in one of them above 20 thoufand. r—» 

As to the carbonic acid gas, which in the fecond ex- Now, how is it pofiible that the water produced (hould 
periment amounted to ,Vth of the gafes employed, it correfpond fo exactly with the gales confumed (for the 
was evidently derived from the manganefe, which al- differences are fo fmall as not to merit any attention), 
moll conftantly contains it. And when carbonic acid unlefs the water had been formed by the combination 
is once mixed with oxygen, it is difficult to feparate it of thefe gafes ? 
by means of lime-water, except a large quantity be ufed. Dr Priellley, however, who made a great many ex- 
as Mr Cavendiffi has well obferved. The reafon is, that periments on this lubjeft, drew from them a very diffe- 
oxvgen gas has the property of diffolving carbonic acid, rent conclufron ; and thought he had proved, that du- 
as Mr Welter has remarked *. Mr le Fevre de Gineau ring the combuftion the two gafes combined, and that 
afcertained by experiment, that 1870 cubic inches of oxy- the combination was nitric acid. This theory was adopt- 
gen gas, which did not affett lime-water, loft between ed, or rather it was fuggefted, by Mr Keir, who has 
V^th and of its weight when walhed in milk of fupported it with a great deal of ingenuity *. . * 
]*ne /B\ Let us examine thefe experiments of Dr Prieftley f, 

In a fecond experiment, he previoufly waffied the two and fee whether they warrant the conclufions he has art. Nitrout 
gafes in milk of lime, and the reliduum after combuftion drawn from them. The gafes were exploded in veffels^.^ 
contained no carbonic acid gas. In a third experiment of copper. Fie found that the quantity of water ob- 
he walked only the oxygen, and obtained produds e- tained was always kfs than that of the gafes which heI788. 
qually free from carbonic acid. It is certain, then, that had ufed. He obtained alfo a confiderable quantity of 
the carbonic acid is but an accidental mixture. As to the nitric acid. In the experiment made on the largeft 
carbonic acid of the third experiment above related, quantity of the gafes, and from which he draws his 
which amounted only to Tfr part of the gafes employ- conclufions, the quantity of liquid obtained amounted 
ed, the fource of it has been already pointed out. to 442 grains. This liquid was examined by Mr Keir. 

As to the nitric acid, the quantity of nitre obtained It was of a green colour, 72 grains of brown oxide of 
in Mr Lavoifier’s experiment was 56 grains ; which, ac- copper were depofited in it, and it contained a folution 
cording to Mr Kirwan’s calculation, contain 30,156 of nitrat of copper (copper combined with nitric acid), 
grains of nitric acid ; a quantity confiderably lefs than Mr Keir analyfed this liquor : It confifted of pure wa- 

1 th part of the gafes which difappeared. In the fe- ter and nitrat of copper ; and Mr Keir concluded that 
cJnd experiment, the nitre obtained amounted to 80,7 the nitric acid formed amounted to T^th of the oxygen 
grains : which, according to Kirwan, contain 43,456 gas employed. Mr Berthollet, however, has Ihewn that 
grains of nitric acid, or lefs than 3|7th part of the gafes it could not have amounted to more than ^th part %. \ Ann de 
confumed. Now, as nitric acid is compofed of oxygen Let us fuppofe, however, that it amounted to A ^ >“• 
and azot, both of which were prefent in the veffel, it is quantity of oxygen and hydrogen gas has difappeared : * 
eafy to fee how it was produced. And that its pro- What has become of them ? They have combined, fays 
duftion is merely accidental, and not neceffary, is evi- Dr Prieftley, and formed nitric acid This nitric acid 
dent from the laft experiment, in which no nitric acid is only of their weight: Dr Pneftley fuppoles, 
was formed. It has been afcertained, indeed, that the however, that it contains the whole oxygen and hydro- 
formation of this acid during thefe experiments is quite gen that exifted m thefe gafes, and that all the reft of 
arbitrary It never is formed when the combuftion the weight of thefe gafes was owing to a quantity of 
goes on fo flowly as to produce but little heat, as Se- water which they had held in folution. Oxygen gas, 
guin has afcertained f ; becaufe oxygen and azot do then (for we (hall negleft the hydrogen, which Dr 
not combine except at a high temperature. Nor is it Prieftley was not able to bring into view at all), is corn- 
formed even at a high temperature, as Mr Cavendiffi pofed of one part of oxygen and 19 of water. Where 
has proved t, except there be a deficiency of hydrogen; is the proof of this ? Dr Prieftley informs us, that he 
becaufe hydrogen has a ftronger affinity for oxygen afcertained by experiment that half the weight of car- 
than azot has ° bonic acId Sas was Pure water' SuPPofing the exPen- 

The quantity of water obtained in the firft expe- ment accurate (c), what can be concluded from it? 
riment was juft 30 grains more than the weight of the Surely to bring it forward m proof, that oxygen gas 
gafes which had difappeared: the water obtained in confifts of 4#th parts, or almoft wholly of water, is 
the fecond was precifely 30 grains lefs than the gafes downright trifling.. It is impoflible, therefore, from 
confumed : and in the third experiment, the difference Dr Prieftley’s experiments, allowing his fuppofit ion sand 
was only 16 grains. The quantities of gas operated conje&ures their utmoft force, to account for the diiap- 

(b) Lime mixed with water till it is of the thicknefs of milk, or rather oi cream. . . 
(c) He informs us that the carbonat of barytes does not yield its carbonic acid by means of heat (this Dr 

Hope has ffiewn 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 gas, 
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 negledting this precaution, Morveau has ffiewn,that Mr Kirwan, in a fimilar experiment, obtained a reiult 
nine times greater than it ought to have been. Encycl. Method. Chim. art. Air. 
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Water, pearing of the two gaftts, or the appearance ot the wa- 

~v 1" ’ ter, without admitting that this liquid was actually 
compofed of oxygen and hydrogen. If we add to this, 
that no oxygen gas has hitherto (as far as we know at 
leal!) been procured abfolutely free from fome admix- 
ture of azot, and that his oxygen was always procured 
either from red oxide of lead, or from black oxide of 
manganefe, or red oxide of mercury, all of which lub- 
itances yield a confiderable proportion of azot; that in 
one experiment, in which he obferves that his oxygen was 
very bure, as it had been obtained from red oxide of mer- 
cury, Mr Berthollet (d) afcertained, by actually making 
the experiment, that part of the very fame oxide which 
Dr Prieftley had employed yielded a gas, -fd of which 

* Ann.de was azot *; if we add, that it has been proved beyond 
Chim. iii. the pofiibility of doubt, and to Dr Prieftley’s own fa- 
24< tisfa&ion, 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 impoffibie for us to 
believe for a moment that the compound formed by 
oxygen and hydrogen is nitric acid. Thus Dr Prieft- 
ley’s experiments rather confirm than deftroy the theo- 
ry of the compolition of water. We obtain from them, 
however, one curious piece of information, that the pie- 
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 muft confider another theory 
which this phenomenon fuggefted, and which was firlt 
propofed, we believe, by Mr de la Metherie (e). 

Had the French chemifts, it has been faid, employed 
copper vefiels in their experiments, they would have ob- 
tained three times the quantity of nitric acid. This 
acid, therefore, muft 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 impoffibie. 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 
yth of the quantity of gas employed, allowing this gas 
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to have contained no azot, w?hich was evidently not the ^'a^er* t 
cafe. It appears, then, that this hypothefis, even if it —“'V” 
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 w^as 5946 grains : fo that were the 
hypothefis true, oxygen and hydrogen gas would con- 
fill of one part of oxygen and hydrogen and 3 1 2 parts 
of water ; a fuppofition fo enormoufly abfurd, that it is 
impoffibie for any perfon even to advance it. 

It is impoffibie, therefore, for the phenomena which 
attend the combuftion of oxygen and hydrogen gas to 
be accounted for in any w^ay confiftent with common 
fenfe, except we fuppofe that water is formed. ^47 

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. Mefirs Van Tvooftwyk andwater* 
Dieman, affifted by Mr Cuthbertfon, filled a fmall glafs 
tube, ^th 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 paffed 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 w^ater. Bubbles of air ap- 
peared at every explolion, and colleded at the top of 
the tube. When eleftric fparks were palled through this 
air, it exploded and difappeared almoft completely. It 
muft therefore have confifted 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 ihcreafed, 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 diffolved in water : nor would atmofpherical 
air have exploded and left only a very fmall reiiduum, 
not more than T^th part. They had taken care alfo 
to prove that the ele&ric fpark did not contribute to 
form hydrogen gas ; for on palling it through fulphu- 
ric and nitric acids, the produdt was not hydrogen, but 
oxygen gas *. * 7our' * 

Thefe experiments have been fince repeated by Dri’^/Ixxxw 
Pearfon, affifted by Mr Cuthbertfon. He produced, 369- 
by means of ele&ricity, quantities of gas from water, 
amounting to 56,54#^ cubes of y^th of an inch each ; 
on nitrous gas being added to which, it fuffered a dimi- 

nution 

CHEMISTRY 

(d! Mr Berthollet had fupplitd Dr Prieftley with the oxide. He had received two ounces 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 was, that gafea 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 
he two trafc is depofited s and that the gafes themfelves efcape through the velfel and are loft He complains 

hltterTv that this theory had never been noticed by his antagon.fts ; as if rt were necelfary to refute a hypothefis 
which is not fupported by any proof whatever, and as if it had not been proved that oxygen mcreafes the weight 

TWsfarhas'beenlmmeriy expSd', was the original opinion of Dr Prieftley , to which, though he does 
not explain himfelf fully, he evidently ftill adheres. There is then no difference between his theory and this, 

except what relates to the decoropofition of the nitric acid. 
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C H E M I 
nut ion of bulk, ttnd nitrous acid appeared to have been 
formed : It muft therefore have contained oxygen gas. 
When oxygen gas was added to the remainder, and 
an tledhic fpark palled through it, a diminution took 
place prectlely as when oxygen and hydrogen gas are 
mixed : It mult therefore have contained hydrogen. 
When an eledlric fpark was palled through the gas 
thus produced from water, the gas difappeared, being no 

Jdoubt converted into water*. 
Such are the proofs by which the compound nature 

of water is ascertained ; and vve do not believe that any 
phyfical fadt whatever can be produced which is fup- 
ported by more complete evidence. 

But what becomes of the caloric which was previ- 
oufly combined with thefe gafes ? It paffes through the 
veffel and is loft, and its weight is too inconfiderable to 
make any fenhble variation in the quantity of the pro- 
dudt. If we were to judge from analogy, we would 
conclude, that the oxygen and hydrogen, while in the 
Hate of gas, are probably fomevvhat 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 : ail 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 in 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 falls for wa- 
ter have been mentioned by Mr Quatremere Dijonval. 
When the folutions of nitrat of lime and nitrat of mag- 
nefta 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 j-. 

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 fa£t 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 J. Tacitus informs 
us, 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 fuel) 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 diftillation was known in the dark 
ages ; and it is more than probable that it was praftifed 
in the north of Europe much earlier. They are mention- 
ed exprefsly by Thaddasus, Villanovanus, and Lully *.*4tL, 

Ardent fpirits, fuch as brandy, for inftance, rum, andart ",4- 
whiiky, confift almoft entirely or three ingredients, wa-Merhodof 
ter, alcohol or fpirit of nvine, to which they owe their procuring 
ftrength, and a {mail quantity of a peculiar oil, to which*t# 

they owe their flavour. 
The alcohol may be feparated from the water by the 

following procefs. Into the whiiky 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 attra&ion 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 potals may be drawn off from be- 
low it by means of a ftop-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 diftil- 
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 diftil 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, [ts proper, 
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. | At fW* 

Its fpecific gravity when pure is about 0,800. fon'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 
exift. in the form of an elaftic fluid, as tranfparent and 
invifible as common air. This fubjeft was firft exa- 
mined with attention by Mr Lavoifier;{;. The Journ.dt 
however, had been known long before, 

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'3 20 to 
100 , 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 refiduum. 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 conflft of nothing but water. Junker had made the 
fame remark : and Dr Black fufpedled, from his own 
obfervations, that the quantity of water obtained, if 
properly colledted, exceeded the weight of the alcohol 
confumed. This obfervation was confirmed by Lavoiiier; 
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 exactly determined. On the 
wick of the lamp is put a fmall particle of phofphorus. 
The mercury is drawn up by fuftion 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 
ffiut up at pleafure by means of the ftop-cock M. 

Things being thus dilpofed, 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 
be kept burning for fome time. It goes out, however, 
at laft, notwithitanding 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 115,41 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 colledl and weigh it. 
Mr Lavoifier,. however, eftimated its weight at 89,0951 
grains; as he concluded, with realon, 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 

S T R Y. 395 
difappeared ; therefore 35,227 grains muft have been Alcohol, 
employed in forming waf;er. 

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 muft. 
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- 
pofed of 

22,840 Carbon, 
6,038 Hydrogen, 

47,830 Water. 

76,7* * Mem. 
Such were the confequences which Mr Lavoifier drew ^ar% I784° 

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 vefftl, 
an explofion would certainly have taken place. The 
other fource of error was, that the quantity of water 
was not known by actual weight, but by calculation. ^54 

To this we may add, that Mr Lavoifier was not war-Ingredient* 
ranted to conclude from his experiment, that the water a^C0^0^ 
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£lually 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,-, 
fuppofing he ufed it perfe&ly pure, which is not pro- 
bable, is compofed of 

0,2988 parts carbon, 
0,1840 parts hydrogen, 
0,5172 parts oxygen.. 

1,0000 
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-- 
fare 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- 
hol is decompofed, partly converted into water and part- 
ly into ether, a fubftance which we fhall deferibe imme-- 
diately. Now, it is evident that the alcohol could not 
have been converted into water unlefs.it had contained ■ 
oxygen*. *-Nkhah 

When equal parts of fulphuric acid and alcohol are./w-’.Jw“ 
mixed together and heat applied, the mixture boils atnai'11 ^ 

2080,, 
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208°, and a liquid equal to half the weight of the alco- 
hol comes over into the receiver. This liquid is ether. 

Ether is obfeurely hinted at in fome of the older che- 
mical authors, but little attention was paid to it till a 
paper appeared in the Philofophical Tranfa&ions for 
*730, written by a German, who called himfelf Frobe- 
nius (a), containing a number of experiments on it. 
In this paper it firil received the name of ether. 

Ether is limpid and colourlefs, of a very fragrant 
fmell, and a hot pungent tafte. Its fpecific gravity is 
0,7394. It is exceedingly volatile, boiling in the open 
air at 98°, and in a vacuum at —20°. Were it not 
therefore for the preifure of the atmofphere, it would 
always exill in a gafeous Hate. Ether unites with wa- 
ter in the proportion of ten parts of the latter to one of 
the former*. It is exceedingly inflammable, and, when 
kindled in the ftate of vapour, burns with rapidity, or 
rather explodes, if it be mixed with oxygen gas. 

Chemifts entertained various opinions refpe&ing the 
nature of ether. Macquer fuppofed that it was mere- 
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 furniflied by the acid. The real compo- 
fition of this Angular fubftance has been lately afeertain- 
ed by the experiments of Fourcroy and Vauquelin. 

“ A combination (fay they) of two parts of fulphu- 
ric acid and one part of alcohol elevates the tempera- 
ture to 20i°, 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 expefed to the a&ion of caloric in a pro- 
per apparatus, the following phenomena are feen : 

“ 1. When the temperature is elevated to 208°, the 
fluid boils, and emits a vapour which becomes conden- 
fed by cold into a colourlefs, light, and odorant liquor, 
which from its properties has received the name of ether. 
If the operation be properly condufted, no permanent 
gas is difengaged until about half the alcohol has paffed 
over in the form of ether. Until this period there paflfes 
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-Afths of the mafs which 
remains in the retort, an inflammable gas is difengaged, 
which has the fmell of ether, and burns with a white 
oily flame. This is what the Dutch chemifts 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. 

«« g. 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 reftduum in the retort is a black mafs, conAfting 
tor the moft part of fulphuric acid thickened by carbon. 

S T ft Y. Part If. 
“ The feries of phenomena here expofed will juftify Alcohol, 

the following general indu&ions : l—•—y—-J 
“ 1. A fmall quantity of ether is formed fpontane- 

oufly, and without the afliftance 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 Arft of 
thele compofitions takes place, the fulphuric acid under- 
goes no change in its intimate nature. 

“ 3. As foon as the fulphurous acid appears, no more 
ether is formed, or at leaft very little ; but then there 
pafies 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 laft fulphur, if the diftillation be 
carried to drynefs. * 

“ The operation of ether is therefore naturally divi- 
ded into three periods : the ftrft, in which a fmall quan- 
tity of ether and water are formed without the afilftance 
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 
ftages have no circumftance common to all, but the con- 
tinual formation of water, which takes place during the 
whole of the operation. 

“ The ether which is formed without the afiiftance of 
caloric, and the carbon which is feparated without de- 
compoAtion of the fulphuric acid, prove that this acid 
a6ls on alcohol in a manner totally different from what 
has hitherto been fuppofed. It cannot, in fadt, be af- 
Armed, that the acid is altered by the carbon, becaufe 
daily experience (hews that no fenAble attraction takes 
place between thefe two bodies in the cold; neither can 
it be affeCted 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 Arft period. We 
mult therefore have recourfe to another fpecies of ac- 
tion, namely, thp powerful attraction exercifed by the ful- 
phuric acid upon water. It is this which determines the 
union of the principles which exift in the alcohol, and 
with which the concentrated acid is in contadt: but this 
adtion is very limited if the acid be fmall in quantity ; 
for an equation of affinity is foon eftablilhed, the effedt 
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 exift without this principle, which muft be 
afforded by the alcohol only, Ance the fulphuric acid 
fuffers no decompofition. 

“ We muft not, however, imagine, from thefe fadls, 
that ether is alcohol minus oxygen and hydrogen. Its 
properties alone would contradidl this ; for a quantity 
of carbon proportionally greater than that of the hy- 

drogen 

(g) The name was fuppofed to have been feigned. 
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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 effects 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 effe£ted when caloric 
is added. The phenomena are then very different, tho’ 
fome of the refults are the fame. 

“ In the firff place, we muff 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 176. Now fince 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- 
dudts, expofed to a lively brifk heat, without the*polli- 
bility of efcaping fpeedily enough from its a&ion, fuffer 
a partial or total decompofition, according to the degree 
of temperature. Alcohol undergoes this lalt 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 effedling the feparation of its principles; but 
when it is lixed by the fulphuric acid ov any other bo- 
dy, the elevated temperature it undergoes, without the 
poffibility of difengagement from its combination, is fuf- 
llcient to effeft a commencement of decompolltion, 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 decompolition 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 fa6t, 
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 
confiderable. 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- 
ratm’e 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 deniity, 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 adtion of the 
fulphuric acid and heat, appears fo conformable to truth, 
that nearly the fame effedts may be 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 ”. * NichoU 

Ether may alfo be obtained by means of feveral other/™ 
acids. The different liquids thus formed are diftin-*’391, 

guiftied by prefixing the name of the acid ufed in the 
procefs. Thus the ether above deferibed is calledyh/- 
pburic 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 confiderable number of thefe, with the quantities fo-f'?lu!*,eI 

m 

luble, is exhibited in the following tables. a co 0. 

I. Suljlances diffolved in large Quantities. 

Names of the Subfiances. 

Nitrat of cobalt 
copper 
alumina 
magnefia 

Muriat of zinc 
alumina 
magnefia 
iron 

Tempe- 
rature. 

copper - 
Acetite of lead - - 

copper f 
Benzoic acid ... 
Sulphat of magnefia 
Nitrat of zinc decompofed 

iron decompofed 
  bifmuth decompofed 

54>5 
54>5 
54>5 

180,5 
54»5 
54>5 

180,5 
180,5 
180,5 
“3 

240 parts 
of alcohol 
difiblve 

2 40 parts 
240 
240 
694 
240 
240 

240 
240 

f Witberingi 
Fhil. Tranf* 
kxii. 336. 

PP Suppl. Vot. I. Part I. II. 
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Suljlances d'ljfolved in Jmall Quantities. 

* Withering, 
Tbit. Tranf. 
Ixxii. 336. 
■f Macquer, 
ibid. 

J Withering, 
Ibid. 

§ TVLacquer, 
ibid. 

Names of the Subftances. 

240 parts of 
alcohol at the 
boiling tempe 
rature diffolve 

Muriat of lime 
Nitrat of ammonia 
Oxy-muriat of mercury 
Succinic acid 
Acetite of foda 
Nitrat of filver 
Refined fugar 
Boracic acid 
Nitrat of foda 
Acetite of copper 
Muriat of ammonia 
Arfeniat of potafs 
Acidulated oxalat of potafs 
Nitrat of potafs 
Muriat of potafs 
Arfeniat of foda 
Barytes 
Strontites 
White oxide of arfenic 
Tartrat of potafs 
Phofphorus 
Nitrat of lead * 

lime * 
Muriat of mercury f 
Carbonat of ammonia * 

240 parts 
2x4 
212 
177 
112 
100 
59 
48 
23 
18 
17 

9 
7 
5 
5 
4 

III. Suljlances infolulle 'with Alcohol. 

Sugar of milk, 
Borax, 
Tartar, 
Alum, 
Sulphat of ammonia, 

lime, 
barytes if;, 
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, 
Carbonat of potafs, 

foda. 

359. . 
affinities. 

360 
Dife every 
of oil. 

Thefe have been chiefly borrowed from tables which 
Mr de Morveau publifhed 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. . c M 1 

The affinities of alcohol are very imperfettly known. 
Th®fe dated by Bergman are as follows : 

Water, 
Ether, 
Volatile oil, 
Sulphurets of alkalies. 

Chap. III. (yOiLS. 

Oil, which is of fuch extenfive utility in the arts, 
was known at a very remote period. It is mentioned 

S T R Y. Part IL 
in Genefis, and during the time of Abraham was even ( Oils. 
ufed in lamps *. The olive was very early cultivated, 
and oil extra&ed from it in Egypt. Cecrops brought I?> 

en' Vl 

it from Sais, a town in Lower Egypt, where it had 
been cultivated from time immemorial, and taught the 
Athenians to extraft 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 fiege of Troy ;and6i. 
at leaft Homer never mentions them, and conftantly de- 
feribes his heroes as lighted by torches of wrood. 

Oils are divided into two claffes, Fixed and Volatile ; 
each of which is diftinguifhed by peculiar properties. 

I. The fixed oils, called alfo fat or oils, Fixed oils, 
are numerous, and are obtained, partly from animals and 
partly from vegetables, by fimple expreffion. As in- 
fiances, we fhall 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 maft, and many other vegetable fubftances. 

All thefe oils differ from each other in feveral parti- 
culars, but 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 products. In the prefent 
{late 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 characters which diflinguifh fixed oils in ge- 
neral, and an analyfis of one oil, by way of fpecimen. ^ 

Fixed oils are infoluble in alcohol, which dillinguifhes Their pro- 
them from volatile oils. They are alfo infoluble in water, perties. 

They have an un&uous feel, are tranfparent while 
fluid, are deftitute of fmell, and have a mild infipid kind 
of tafte. 

They are all fufceptible of becoming folid by expo- 
fure to a fufficient degree of cold. Olive oil and al- 
mond oil freeze at xo4 degrees J. 1 Cbaftal's 

They are capable of being converted into vapour by 
heat ; but require for that purpofe a temperature con-^^ ^ 
fiderably fuperior to that of boiling water. Olive ml4> 
boils at 6oog, and moft of the fixed oils hitherto tried 
require nearly the fame degree of heat. 

When in the ftate of vapour they take fire on the 
approach of an 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 Hate 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 o£ 
cifely the fame apparatus as that which he employed forolive 0 

analyfing alcohol. 
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Oik The quantity of oil confumed amounted to 15,79 

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 fubtradted 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 of 
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 12,47 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 grains> 
W’hich 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, v 

21 Hydrogen. 

* Mem. 
Far. 1 784. 
and Jour. 

1001 

In what manner thefe fubftances are combined, can- 
— not be learned from this analyfis. Whether they combine 

diredlly, and faturate each other in that proportion, as 
’ “^’is moft probable — or whether the hydrogen is combined 

previoufly 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. 

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 adtion of light: but Sennebier obferved, that no 
fuch change was produced on the oil though ever fo 
long expofed to the hght, provided atmofphencal air 
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was excluded ; but that it took place on the admiffion 
of oxygen gas, wdiether the oil was expoled to the light 
or not *. It cannot be doubted, then, that it is owing * * 
to the combination of oxygen. All lubftances that are 
capable of (’applying that principle, the metallic oxides } 

for inftance, and feveral of the acids, produce the fame 
effedt upon oils ; and it is a known fadl, that oil is 
capable of reducing many of the metallic oxides to the 
metallic ftate, and confequently that it has a ftronger 
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- 
fedt, 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 ftate, although water 365 
deprives them of their mucilage. Drying oils, fo called Drying oil*, 
becaufe they are capable off r/ryinj-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. ^ Berthollet. 

Fixed oils are capable of diffolving fulphur at their 366 
boiling temperature. The folution is very fetid, owing Fixed oil* 
to a partial decompofition of the oil. Hydrogen gas djffolve ful- 
fiies off, having a quantity of fulphur diffolved in it. ^ ’ 
When the folution cools, the fulphur cryftallizes. 367 

Fixed oils diffolve phofphorus. The folution is lu- And phof- 
minous, from the flow combuftion of the phofphorus. phorus. 

Fixed oils are capable of combining with many of 
the metallic oxides. The compounds 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 follo ws : 
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 oils, are all Volatile 
obtained from vegetables. They have a ftrong aroma- oils, 
tic fmell, and a pungent acrid taile. 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 (lain behind them, which is not the cafe with 
the fixed oils. By this teft, accordingly, it is eafy to 
difcover whether they have been adulterated with any 
of the fixed oils. Let a drop of the volatile oil fall 
upon a ftieet of writing paper, and then apply a gentle 

P p 2 heat 
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nities. 

(h) Their order not well afcertained. 
(1) The firft column was afcertained by Berthollet. The laft is to be confidered as unconnected with the firft. 

On account of the affinity of thefe two claffes of bodies for each other, it has not been poffible to difcover 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 ol bergamot, le- 
mons, oranges ; others by diftillation, as oil ol 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 rcjtm (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 halfams of fulphur. 

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 pi'operly afcertained. 

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. Very’foluble 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 heat 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 a fufficient quantity of wood be burnt to afhes, 
procuring and thefe afhes be afterwards wafhed 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 potafh. It may be purified confi- ' v— 
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 ftparated 
from the lime by filtrating the mixture This procefs,. 
however, muft be performed in clofe veffels ; for there 
is a little carbonic acid gas in the atmolphere, which 
would again combine with the potafs if it wrere allowed 
to ftand 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 falls. 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 owm 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' * N'lclolfoni 
be obtained in a ftate of the greateft purity. Thei. 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- 
lubility in alcohol. Common refin, or rofin, from which they derive their name, is one of them ; and feahng wax 
confifts almoft entirely' of another. 

(l) See a paper by Margueron on this fubjedf, sdnn. de Chim. xxi. 174* . 
(m) That potafs was known to the ancient Gauls and Germans, cannot be doubted, as they were the inventors 

of foap, which, Pliny informs us, they compofed of afhes and tallow. Thefe afhes (for he mentions the afhes 
of the beech tree particularly) were nothing elfe but potafs ; not, however, in a ftate of purity. lib. xvni. 
c. 51. The Koy.'~, too, mentioned by Ariftophaaes and Plato, appears to have been a ley made of the fame kind 
of afhes. \ 
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Alkalies, tion on the fire, they aflame 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 veffel may be inverted with- 

* Nicholfon,oVi\. 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 deftroys it almoll 
inftantaneoufly. On account of this property, it has 
been called caujlic^ and is often ufed by furgeons under 
the name of the potential cautery, to open abfceffes, and 
deftroy ufelefs or hurtful excrefcences. 

Black’s dif- As potafs is never obtained at firft in a date of pu- 
cove y of rity, but always combined with carbonic acid, it was 

long before chemills underftood to what the changes 
produced upon it by lime were owing. According to 
fume, it was deprived of a quantity of mucilage, in 
which it had formerly been enveloped ; while, accoi d- 
ing to others, it was rendered more active by being 
more comminuted. At laft, in 175P)r Blacx puo- 
lifhed the celebrated experiments which we have fo of- 
ten mentioned; in which he proved, by the moll inge- 
nious and fatisfaftory analyfis, that the pvtafs which the 
world had confidered as a iimple fubltance, was really a 
compound, confiding of potafs and carbonic acid ; that 
lime deprived it of this acid ; and tnat it became more 
active by becoming more fimpie. 

While Dr Black was thus occupied in Scotland, Mr 
Meyer was employed in Germany in tne fame relearches; 
from which, however, he drew very different conclu- 
(lons. His Effays on Lime appeared in 1764. Pour- 
ing into lime-water a folution of potafs {carbonat of pot- 
afs ), he obtained a precipitate, which he found not to 
differ from limedone. The alkali had therefore de- 
prived the lime of its caudicity and its abtive properties ; 
and thefe very properties it had itfelf acquired. From 
which he concluded, that the caudicity 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 dronger affinity for it. 
To this acid he gave the name of acidum pingue or cauf- 
ticum. It was, according to him, a fubtile eladic mixt, 
analogous to fulphur, approaching very nearly to the 
nature of fire, and aftually compofed of an acid prin- 
ciple and fire. It was expanfible, comprtffible, volatile, 
adringent, capable of penetrating all veflels, and was 
the caufe of caudicity in lime, alkalies, and metals. 
This theory was exceedingly ingenious, and it was fup- 
ported by a vad number of new and important fadts. 
But notwithdanding the reputation and acknowledged 
genius and merit of its author, it never gained many 
followers ; becaufe the true theory of caudicity, which 
bad been already publifhed by Dr Black, foon became 
known on the continent; and, notwithdanding fome 
oppofition at fird, foon carried conviftion into every 
unprejudiced mind. Even Mr Meyer himfelf read.Iy 
acknowledged its truth and importance, though he did 
not at fird, on that account, give up his own theory. 

When potafs is expofed to the adion of fire, it fird 
becomes foft, and melts into a tranfparent liquid at the 
commencement of ignition. 

When expofed to the air, it attra&s moidure very 
fad, and is foon converted into a liquid. It attrads, 
at the fame time, carbonic acid gas, for which it has a 
very drong affinity. It is impoffible, then, to keep 
potafs in a date 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 twvi ways ; ei- ~y 
tlier by melting the ingredients together, or by bodingSul^ret 
them in water, and then filtrating the lolution. bul-0f petals, 
phuret of potafs when dry, in which date it is obtained 
by the fird procefs, is of a brown colour. It is foluble 
in water, and very foon attrads moillure. 

While dry it produces no change upon the ai'r of 
the atmofphere, as Meffrs Dieman, Van Troodwyck, 
Nieuwland, and Bondt, afeertained by experiment*.*^™,* 
But when moiilened with water, it very foon abforbs xiv. 
all the oxygen gas which happens to be in the veffel in294» 
which it is enclofed, and leaves nothing but azotic gas. 
This fad was firff obferved by Scheele, and induced 
him to ufe fulphuret of potafs for an eudiometer, or in- 
drument to meafure the quantity of oxygen contained 
in any given portion of atmofpheric air. 

If fulphuret of potafs be allowed to remain moid, and 
in contad with the atmofphere; it is gradually convert- 
ed into fulphat of potafs by the fulphur combining 
with oxygen, and forming fulphuric acid. At the 
fame time the fulphuret emits a fetid fined, 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 fulphuric, for 
indance) be poured upon the mixture, and then it is- 
given out very copioufiy. 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 dronger affinity for 
potafs, as foon as any of them is poured in the gas is 
obliged to feparate f. \ IHJl 

If liquid fulphuret of potafs be kept in clofe veffels, 
it is not decompofed except in part ; becaufe as foon 
as the alkali is faturated with the fulphurated hydrogen 
gas, the action of the fulphur on the water is at an end J. \ UiJ. 

The explanation of the aftion of this fulphuret 011 
the atmofphere, which the Dutch chemids above-men- 
tioned give from thefe data, is as follows: 

Sulphuret of potafs decompofes water ; fulphurated 
hydrogen gas is formed, and abforbed by the alkali. 
This gas has a drong affinity for oxygen, which it 
abfurbs from the atmofphere : the hydrogen combines 
with this oxygen, and forms water; and the iulphur 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 attrads oxy- 
gen gas ; and is again decompofed. And this procefs 
goes on till the whole of the fulphur has combined with 
oxygen, and confiquently till the fulphuret is converted 
into a fulphat $.—The only part of this theory which- 
requires confirmation, is the adion 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 abforbing oxygen 
gas from the atmofphere " 

Ibictl 

Ibid. p„ 
Potafs unites with phoiphorus by fufion, and forms 305* 

a phofphuret of potafs. Little is known concerning phofJJJrcfc 
its properties, except that it produces phofphurated hy-of pi^afSt> 
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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Alka’x-. When a folution of potafs is boiled upon fdica re- 

cent]y procured, it diffolves part of it. As the folu- 
tion cools, it aIfumes the appearance of a jelly, even 
though previoufly diluted with 17 times its own weight 

* Bergman, ot' water n‘ When equal parts of fdica and potafs are melted to- 
Glafs.^ gether, tliey combine and form glafs. A fubftance 

which, whether we confider its hardnefs, beauty, and 
tranfparency, its amazing duftility, while hot, or the 
difficulty of decompofing it, mud be allowed to be one 
of the molt ufeful compounds ever invented by man. 

When the quantity of potafs is double or triple that 
of the lilica, the glafs is foluble in water, and forms 
what is called liquorfilicvm. 

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 : 
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Metallic Oxides. 
Oxide of gold and tin, 

Silver, - - 
Iron, - - 
Lead, - - 
Zinc, - - 
Antimony, 
Arfenic, 
Cobalt, - - 
Nickel, - - 
Manganefe, 
Tungften, - 
Molybdenum, 
Uranium, 
Titanium, - 
Tellurium, - 
Chromum, - 

Colour communicated to Giafs. 
Purple. 
Yellow or golden. 
Pale green. 
Colourlefs. 
White. 
Green (n). 
White. 
Blue. 
Blue (o). 
Red. 
Colourlefs. 
Colourlefs. 
Grey (opaque). 
White (opaque). 
White. 
Green. 

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 conje&ured, that it was a compound 
compound. op jjme an(j azot. an^ fome perfons have even endeavour- 

ed to prove this by experiment ; but none of their proofs 
are at all fatisfa&ory. We ought, therefore, in ftridf 
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 exadtnefs of the arrangement. Befides, 
we are certain, from a variety of fadfs, that all the al- 
kalies are compounds : One of them has aftually been 
decompounded ; and the other two have been detefted 
in the a£l 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. Alkalies 

Were we to judge from analogy, we fhould fuppofe, 
that the four alkaline earths, and the three alkalies, 
pofi’efs one common principle. They have a great num- 
ber of common properties, and perhaps ought to be 
clafled 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, actually con- 
tains azot. But no conclufion can be drawn till future 
difeoveries have lifted off the veil which at prefent ob- 
flrudls our view. 380 

The affinities of potafs are as follows : hs affinitiej 
Sulphuric acid, 
Nitric, 
Muriatic, 
Sebacic, 
Fluoric, 
Phofphoric, 
Oxalic, 
Tartarous, 
Arfenic, 
Succinic, 
Citric, 
Formic, 
Ladfic, 
Benzoic, 
Sulphurous, 
Acetous, 
SaccholaCtic, 
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 

and nitrum (p). It was long confounded with pot- 
afs; and perhaps was never properly diftinguiffied from 
it till Du Hamel publiffied a paper on the fubjedt in 
r73^* . 381 

Its properties, while pure, are precifely the fame propertjs3 
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 attradfs 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 fubftances 
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 Ajipoy of the Athenians was evidently the fame fubftance; and fo was the m3 of the Hebrews. 
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Alkalies. It is reckoned more proper than potafs for forming 

glafs and foap. 
Some chemifts have fuppofed that it is compofed of 

magneha and azot ; but their proofs are infufficient. 
The order of its affinities is the fame with that of 

potafs. 
Sect. III. Of Ammonia. 

Ammonia (ct_), volatile alkali, or hartjhorn, as it is 
called in commerce, is mentioned as early as the 15th 
century. Both Bafil Valentine and Raymond Lully 
defcribed the methods of procuring it. Dr Black was 
the firft who diftinguiihed pure ammonia from the car- 
bonat of ammonia, or ammonia combined with carbo- 
nic acid ; and Dr Prieftley firfl difcovered the method 
of obtaining it in a ftate of complete purity. 

To obtain pure ammonia, mix commondal ammoniac 
with three parts of flacked lime ; apply heat ; and re- 
ceive the product in a veffel filled with mercury Hand- 
ing in a bafon of mercury . A gas comes over, which 
is pure ammonia*. This gas is tranfparentlikecom- 

Airy'm.2,11 •mon air, and is not condenftd by cold. 

It ^0 er ^ts fpecl^c gravity is 0,000732. It is to common 
tiesf10*56 air as ^°0 1:0 1000 t- 
f Kir-wan on It has a very ftrong, but not unpleafant fmell. Ani- 
fhlog.p.xS. rnals 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 laft this flame defeends 

$ Pticjlley, from the top of the veffel to the bottom 
Water abforbs this gas with avidity. It difappears 

almoft inftantly on the introdudfion of a little water. 
From an experiment of Dr Prieftley, 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 ftrong difagreeable tafte, and converts vegetable 
colours to a green. 

Ammonia in the ftate of gas has no effedf 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 confiderablequantity 
Dr Prieftley dilcovered, that when eledtric explofiona 

u. 381. 

§ Ibid. p. 
37*- 

j] Bid. p. 
377- «i itid. 

3»4 Its conipr- were made to pafs through this gas, its bulk was gra- 
nent parts, dually augmented to thrice the fpace which it formerly 

occupied. It was then moftly converted into hydro- 
gen gas. Fie difcovered, too, that heat produced the very 

* Ibid. 389.fame effedt*. 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 
fadts induced Bergman to conjecture, that ammonia was 
compofed of hydrogen and azot: a conjedture which has 
been fully confirmed by the experiments of Berthollet. 

This ingenious chemift obferved, that if oxy-muria- 
tic acid and ammonia be mixed, an effervefcence takes 
place ; azot is dilengaged, a quantity of water formed, 

I S T R Y. 3°3 
and the oxy-muriatic acid is converted into common mu- At1-t3lies-1 
riatic acid. Now the fubftances mixed were ammonia u v 

and oxy-muriatic acid, which is compofed of oxygen and 
muriatic acid ; the products were, muriatic acid, azot, 
and water, which is compofed of oxygen and hydrogen. 
The oxygen of the water was furniftied by the acid ; 
the other produdts muft have been furnifhed by the am- 
monia, which has difappeared. Ammonia, therefore, 
muft 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 inltance, 
if the oxide of copper be heated in contact with ammo- 
niacal gas, it is reftored to the metallic ftate; 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 12 r parts of azot 
and 29 of hydrogen *. According to Dr Auftin, it is *Mem.Par,- 
compofed of 121 parts of azot, and 32 of hydrogenf. 

After the compofition of ammonia bad been thus af- Tret!/'178$. 
certained, it became a queftion of fome confequt nce, 3*5 
Whether it could be formed artificially ? Dr Auitiu ac- Forimtion 
cordingly mixed hydrogen and azotic gas together in®^mmo" 
the proper proportions, and endeavoured to make them 
combine by the application of heat, by eleftricity, aud 
by cold ; but he found, that while thefe two fubftances 
were in a gafeous ftate, 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 Prieftley J and Mr Kirwan || had adu-1 ^ir, n. 
ally produced it, even before its compofition was known, 
Accordingly he found, that when tin is moiftened with^ ^ 
nitric acid, and after being allowed to digeft 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 AA 
the water which it contains are decompofed ; the oxygen * 
of each unites with the tin, and reduces it to the ftate 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 d t iven off by the itronger affinity of the pot- 
afs or lime. Dr Auftin fucceeded alfo in forming am- 
monia by feveral other methods. He introduced into a 
glafs tube filled with mercury a little azotic gas, and then 
put into the gas fome iron filings moiftened with water. 
The iron decompofes the water and combines.with its 
oxygen ; and the hydrogen meeting with azot at the mo- - 
ir.ent of its admiffion, combines with it, and forms ammo- 
nia. This experiment fliews, that the gafeous ftate of the 
azot does not prevent its combination with hydrogen. 354 

Ammonia may be combined with fulphur by mixing Sulphuret • 
together two parts of muriat of ammonia (ammonia01 ammc"' 
combined with muriatic acid), two parts of lime, andnia* 
one part of fulphur, and diitiliing ; a yellow liquor is 
obtained, which contains fulphnret of ammonia. It is 
capable of cryftallizing. 

The phofphuret of ammonia is unknown. 
Ammonia is capable ot 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. 
Chap.-. 

(q^) We have adopted this word, which is Dr Black’s, becaufe we think it preferable to ammoniac or ammo, 
niaca, the words propoied and ufed by the French chernifts. 
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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- 
fation 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 tejls. If thefe colours have been previoufly converted 
to a screen by alkalies, the acids rcftore them again. 

3. They unite with water in ahnoft 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 neutral falls. 

It muft be remarked, however, that every acid does 
not poffefs all thefe properties ; but all of them poffeis 
a fulHcient number of them to dillinguifh them from 
other fubfiances. 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 to 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 chemiflry, continued to have fupporters for a 
long time, and was even countenanced by Macquer. 
At laft its defedls began to be perceived ; Bergman and 
Scbeele declared openly againft it ; and their difeove- 
ries, together with thofe of the French chemifls, not- 
vvithftanding the ill-natured attempts of Monnet to tup- 
port it, demonflrated the falfehood of both parts of the 
theory, by fhewmg that fulphuric acid did not exifl m 
the other acids, and that it was not compofed of water 
and earth, but of fulphur and oxygen. 

The opinion, however, that acidity is owing to fotne 
principle common to all the hilts, was not aoanuotied. 
Wallerius, Meyer, and Sage,had advanced different theo- 
ries in fucceffion about the nature of this principle ; hut 
as they were founded rather on eonjedluie and analogy 
than direft proof, they obtained but few advocates. 

s At laft Mr Lavoifier, by a number of ingenious and ac- 
curate experiments, proved, that feveral combuftible fub* 
ftances when united with oxygen form acids ; that a 
great number of acids contain oxygen ; and that when 
this principle is feparattd from them, they loie their 
acid properties. He concluded, therefore, that the aci- 
difying principle is oxygen, and that acids are nothing 
elfe but combuftible fubflances combined with oxygen, 
and differing from one another according to the nature 
of the combuftible bafe. This conclufion has been con- 
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firmed by every fubfequent obfervation. All tbe acids Acid». ^ 
hitherto analyfed contain oxygen, one perhaps excepted, v 

the Prufic acid, which poffeffes properties fo different 
from the reft, that it might, without great impropriety, 
be placed in a diftindl clafs. It is probable, therefore, 
that thofe acids which it has not yet been poffible to 
decornpofe confiil of oxygen combined with a combul- 
tible bafe : but till this analyfis has actually been ac- 
compliftied, the theory of Mr Lavoifier cannot be con- 
lidered as completely demonftrated (r). 

The acids at prefent known amount to about 
moft of which have been examined within thefe 
years. Their names are as follows : 

1. Sulphuric acid, 21. Benzoic, 
2- 

39° 
,n Lift of the 
l3'' acids. 
3° 

9- 
10. 
11. 
12. 
I3 
I4* 
15* 
16. 
17- 
18. 
19. 
20. 

Sulphurous, 
Nitric, 
Nitrous, 
Muriatic, 
Oxy muriatic, 
Phofphoric, 
Phofphorous, 
Boracic, 
Fluoric, 
Carbonic, 
Acetic, 
Acetous, 
Oxalic, 
Tartarous, 
Citric, 
Malic, 
Ladlic, 
Saccholadlic, 
Gallic, 

Succinic, 
Camphoric, 
Suberic, 
Laccic, 

26. Pyromucous, 
27. Pyrolignous, 
28. Pyrotartarous, 
29. Pruflic, 

Formic, 
Sebacic, 
Bombic, 
Zoonic, 
Arfenic, 
Tungftic, 

36. Molybdic, 
37. Chromic, 
38. Platinic, 
39. Stannic, 

22. 
23- 
24. 
25 

3° 
31 

32 

33 
34 
35 

Thefe acids fliall form the fubjeft of the following 
fedtions. 

Sect. I. Of Sulphuric Acid. 

Sulphur combines with two different quantities of 
oxygen : with the imaller quantity it forms fulphurous 
acid 1 with the larger fulphuric acid. The laft ot thele 
is the fubjedl of the prefent fedlion. 391 

The ancients were acquainted with fome of the c0™- 
pounds into which fulphuric acid enters; alum, for in-aC[d>

pi 

ilance, 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 publilhed about 
the end of the 15 th 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- 
mifts in 1787, when they formed a new chemical no- 
menclature, gave it the name of fulphuric acid. . ^ 

At prefent it is generally procured by burning a Method of 
mixture of fulphur and nitre in chambers lined with procuringit. 
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 fliew that the body was not an acid. 
Thus, according to them, water canndt contain oxygen, becaufe water is not an But furely no theory, 
however ingenious and fatisfadlory, can for a moment be put in competition with experiment. e ways 
Nature are not as our ways, nor her thoughts as our thoughts. 



393 
Its compo 
pent parts. 
* Mem. 
Far. 1781, 
»32- 

394 
Its proper- 
ties. 

Part 11* 
Sulphuric fulphur, an<J the air of the atmofphere fwrnifhes the reft. 

Acith The acid thus obtained is not quite pure, containing a 
little potafs, fome lead, and perhaps alfo nitric and ful- 
pliurous 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 
3th of fulphur. He then mixed together 288 grains of 
nitre and 72 of fulphur; and after expofing them to 
a fufficient Hat, he found 12 grains of fulphur fubli- 

f Mem. med, and 228 grains of fulphat of potafs f. But the 
Tar. 1781, fum of the ingredients was 360 grains ; confequently 

120 grains have been diffipated. All this lofs muff 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 — 1 20 35,04 = 
quantity of oxygen furnilhed by the nitre to convert 
60 grains of fulphur into acid, 

Sulphuric acid is a liquid, fomewhat of an oily con- 
fxftence, tranfparent and colourlefs as water, without 
any fmell, and of a very ffrong acid tafte. When ap- 
plied to animal or vegetable fubiianees, 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 poflible, its fpecihc gravity is 
2,000. 

It changes all vegetable blues to a red, except indigo. 
According to Erxleben, it boils at 54.6‘5; according 

to Bergman, at 572°. 
When expofed to a fufficient degree of cold, it cry- 

ftallizes or freezes; and after this has once taken place, 
it freezes again by the application of a much inferior 
cold. Moreveau froze it at — 4®; 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° Chaptal, who manufa&ured this acid, once ob- 
ferved a large glafs veffel full of it cryftailized at the 
temperature of 48°. Thefe cryftals were in groups, 
and confifted of flat hexahedral prifms, terminated by 
a fix fided pyramid. They felt hotter than the fur- 

ijourn. de roun(Jing bodies, and melted on being handled §. Chap- 
XiX1' tal has obierved, 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 
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or much lefs concentrated, it required a much greater Sulphuric 
cold for congelation *. Au * 

39 S 
Its cry. 
ftais. 

J EneyC, 
Method. 
Chim. i. 
376. 

Sulphuric acid has a very ftrong attra£lion for water. * jo^ 
Neumann found, that when expofed to the atmolphere Tranf. 
it attracted 6,25 times its own weight. Mr GouldIxxvii. 
found, that 180 grains of acid, when expofed to thet>art 

atmofphere, attracted 68 grains of water the firft day, Its afrin;ty 
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-j*. Thet 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 attrafted 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 troy fulphuric acid, of the fpe- 
cific gravity 1,87058, was mixed ,with 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° This caloric is owing chiefly, 1 Mem. 
if not folely, to the increafe of deniity in the water; for 
when equal quantities of fulphuric acid and water are 
mixed together, the fpecific gravity is much greater 
than the mean ; and it has been formerly fliewn, that 
whenever bodies become denfer they give out caloric. 397 

Since there is fuch a ftrong affinity between fulphu-Strengfhof 
ric acid and water, and fince the denfity of the mixture hupfuioc 
is different from the mean denfity of the ingredients, it rjous ^ " 
becomes a problem of the greateft importance to deter-fitieg, 
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$. I_Ie§/ri/& 
took fulphuric acid of the fpecific gravity 2,000, which Tranf. 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 acid of 
the fpecific gravity 2,000 at the temperature of 60’, in 
which his experiments were performed), that when 
equal parts of ftandard acid and water are mixed, the 
denfity is increafed by Part the whole mixture. 
Then, by applying a formula given by Mr Poujet (s), 
he calculated, that the increafe of denfity, on mixing 

Qji 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 fhould 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 difcovered how much they had diminilhed in bulk in confequence of mixture, by the following method. 

Calling 
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Sulphuric different quantities of ftandard acid and watei> ^c>s as 
Ann. * _ ^ 1. . /~v ♦■oVxIp* • Ac^ in the following table : 

Number of! Number of 
partt. of parts, offtan- 
water. 1 tiard acid. 

5 
io 

20 
25 
30 
35 
40 
45 
50 

95 
90 
85 
80 
75 
70 
65 
60 
55 
5° 

Augmenta- 
tion of den- 

fity. 

0,0252 
0,0479 
0,0679 
0,0856 
0,0699 
0,1119 
0,1213 
0,1279 
0,1319 
0,1333 

The fir ft 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 100 parts of acid, of the fpecific gravity 
1,8472, contained 88,5 parts ftandard, confequently 

400 grains of this acid contain 354 grains ftandard. He Sulphuric 
took fix portions of this acid, each containing 400, C1 ‘ f 
grains, and added to them as much water as made them 
contain refpe&ively 4b, 46, 44, 42, 40, 38 grains ftan- 
dard. The quantity of water to be added in order to 
produce this effeft, 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 -f x : 354 : : 100 : 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 per cent, 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. nr1 ATIT.IT! 

Callinir A the real fpecific gravity of any of the mixtures; B its fpecific gravity found by calculation, fup- k . • r Vniir. n the nutnber of meafures compofing the whole mafs; n — x the number to which 

f,°&^ ^of d“f^does "ot dimini,h 

the weight of the whole mafs, that e B = » — * X A. Therefore * = —°r <maki”g “ “ ’ J “ 
A — B A — B ig therefore the diminution of volume produced by the mixture. 

The following table contains the refult ofMrPoujet’s experiments, calculated according to that formula; the 
whoie volume or n being — 1 * 

Meafures of 

Water. Alcohol. 

Diminution of 
the whole vo- 
lume = 1 by 
experiment. 

By calculation, 

0,0109 
0,0187 
0,0242 
0,0268 
0,0288 
0,0266 
0,0207 
0,0123 
0,0044 

0,0103 
0,0184 
0,0242 
0,0276 

0,0276 
0,0242 
0,0184 
0,0103 

It i, evident, from this tah.e, that the di.inn.on of 
It is greateil when the meafures of water and akohol are equal and dm ^ W a 
feries. Mr Poujet accounts for this by conceiving the alcohol to be d d j andof Ithe 
of it in its pores, or abforhs it. The quantity abforbed ought to he n the » “ the „amber of mea. 
body diffolved, and each meafure of water will retain a quantity ot P P ^ d f the 
furel of alcohol in the mixture. Thus in of water,’ the 
water will contain a quantity of alcohol 9 » the "diminution of bulk in each mixture is in a ratio 
water will contain a quantity of alcohol =8. 1 nererore tne aimi * 11„ . v* n -> v « 2 V! *7 a X 6* 
compounded of the raeafures of alcohol and water which form it; in the a^ov^ ^ i V Jonftant 
&c Tnd in general, taking the diminution of bulk when the meafures of both 
quantity, and caUing it e, cling the number of meafures », the number of meafures of alcohol *, the mcreakot 
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Sulphuric Table 0/ the Quantity of Standard Sulphuric Acid, 

Specific Gravity 2,000 in Sulphuric Acid of inferior 
Denfity, Temperature 6o'\ 

Acid. 

100 parts, 
at the fpe- 
cific gra- 

vitv 

Contain 
of ftan- 

dard acid 

2,000 
1,9859 

*59579 
*59439 
1,9299 
1,9168 
1,904* 
1,8914 
1,8787 
1,8660 
1,8542 
1,8424 
1,8306 
i,8j 88 
1,8070 
*,7959 
1,7849 
*,7738 

1,7629 
‘,75*9 
1,74*6 
*,7312 

1,7208 
1,7104 
1,7000 
1,6899 
1,6800 
1,6701 
1,6602 
*,6503 
1,6407 
1,6312 

100 
99 
98 
97 
96 
95 
94 
93 
92 
91 

90 
89 
88 
87 
86 
85 
84 
83 
82 
81 
80 
79 
78 
77 
76 
75 
74 
73 
72 

7* 
70 
69 
68 

ioc parts, 
at the fpe- 
cific gra- 

vity 

1,6217 
I,6l22 
1,6027 
I»5932 

1,5840 
1,5748 
1,5656 
*,5564 
*,5473 
*,5385 
1,5292 
1,5202 
1,5*12 
1,5022 
*,4933 
1,4844 
*>4755 
1,4666 
‘,4427 
1,4189 
M°99 
1,4010 
i,3875 
*,374* 
1,3663 
*,3586 
i,3473 
1,3360 
*,3254 
i,3*49 
1,3102 
*,3056 
1,295* 

Contain 
of ftan- 

dard acid 

67 
66 
65 
64 
63 
62 
6* 
60 
59 
58 
57 
56 

55 
54 
53 
52 
5* 
5° 
49 
48 
47 
46 

45 
44 
43 
42 
4* 
40 
39 
38 
37 
36 
35 

100 parts, 
at the fpe- 
cific gra- 

vity 

Contain 
of ftan- 

dard acid 

1,2847 
1,2757 
1,2668 
1,2589 
*,2510 
1,2415 
1,2320 
1,2210 
I,2101 
1,2009 
1,1918 
1,1836 
1,1746 
1,1678 
I,l6f4 
1,1531 
1,1398 
I,*3°9 
1,1208 
1,1129 
1,1011 
*,0955 
1,0896 
*,0833 
1,0780 
*,0725 
1,0666 
1,0610 
*,05-5 
1,0492 
1,0450 
1,0396 
1,0343 

34 
33 
32 

3* 
30 
29 
28 
27 
26 
2 5 
24 
23 
22 
2 * 
20 
*9 
18 
*7 
16 
*5 
*4 
'3 
12 
11 
10 
9 
8 
7 
6 
5 
4 
3 
2 

^ 3° 7 
Sulphuric 
• Acid. 
 .. I 

S T R Y. 
But we have no reafon to fuppofe that fulphuric acid, 

at the denfity 2,000, is free from all miKture of water; 
fo far from that, we know for certain that it contains a 39

v
s 

confiderable proportion ; for when it is combined with Quantity 
other bodies, barytes, for inftance, or potafs, there is a«| 
confiderable quantity of water which remains behind, 
and does not enter into the combination. Now, is hacij. 
poffible to determine what would be the denfity of ful- 
phuric acid, fuppofing it to be deprived of all water, or 
at leaft of all water except what is neceffary for its ex- 
iftence as an acid ? or to determine, how much real acid 
exifts in a given quantity of ftandard acid ? 

Homberg firfl. 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 neceffary to faturate a given quantity 
of potafs. Their refpe&ive experiments give the fol- 
lowing numbers-: 

100 parts of pot-") 
afs require J 

Homb. 

38,3 

Berg. 

78,5 

Wenzd. 

82,63 

Wiegleb. 

101,92.. 

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 fiifpeft their accuracy. Mr Kirwan therefore 
attempted to afcertain the denfity of pure fulphuric 
acid by another method, and he rated it at 3,226. As 
this method has been already defcribed in the article 
Chemistry, Encycl. we cannot enter upon it here. 
At any rate, it would be unneceffary, as many of the 
principles upon which Mr Kirwan went were, erroneous, 
as Mr Morveau* and Mr Keir f have fufficiently fhewn ; * 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. He diflolved 1523,5 Diaio„aryt 

Q_q2 grains art. Add. 

n n — 4 0   
x, X x and %■=.--? X. n x—x1, or (making denfity or diminution of bulk: % ; we fhall have c 1 z 

n zz 1) = yc x’1. 
The diminution of bulk, calculated according to this formula, make the lafl column of the above table. They 

correfpond very well with experiment, while the meafures of alcohol are more than thofe of water, but not when 
the reverfe is the cafe. This Mr Poujet thinks is owing to the attraftion which exifts between the particles of 
water, and which, when the* water is confiderable compared with the alcohol, refifts the union of the water with 
the alcohol. 

By the formula z = *cnx the quantity of alcohol of the flandard may be determined in any mix- 

ture where the alcohol exceeds the water. 
Let the number of meafures, or the whole mafs 
The meafures of alcohol - -- -- -- - 
The diminution of bulk at equal meafures . . - 
The diminution of bulk of a mixture containing x meafures of alcohol 
The fpecific gravity of water - 
The fpecific gravity of the alcohol - - 
The fpecific .gravity of the unknown mixture - - 

= x 

~ 4 c a: — 4 c oc” 
= a 
- h 
= y 
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Sulphuric grains of pure carbonat of potafs, dried In a red heat^in 
Acid' diftllled water. The whole weighed 4570 grains. He 
  took ^60 grains of this mixture, which contained .20 

grains of carbonat of potafs, and faturated it with pure 
fulnhuric acid of the fpecific gravity 1,565, which, ac- 
cording to the above table, contained 61 per cent, ot 
ftandard acid. The acid required for faturatmg the fo- 
lution of potafs amounted to 130 grains, and contamed 
therefore 79 of ftandard. The carbonic acid difenga- 
ged was 34 grains, and confequ mtly the quantity of al- 
kali was 120 - 34 = 86 grains. The folution being 
turbid, was diluted with 3238 grains of water. Its 
fpecific gravity was then .,013 at the temperature of 
6o°. The weight of the whole was 3694 grains, r orty- 
five grains of fulphat of potafs (potais combined with 
fulphuric acid), diffolved in 1017 grams of diftllled 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 ^94 _ ^9,52 grs. Now i 2.3,6 

of this weight 86 grains were alkali; the remainder, 
therefore, which amounts to 70,52 grams, mult be 
acid. But the quantity of ftandard acid employed was 
70 grains; of this there were 84 grains which did not 
enter into the combination, and which muft have een 
pure water : 79 parts of ftandard acid, therefore, con- 
tain at leaft 8,5 parts of water, and confequently ico 
parts of ftandard acid contain 10,75 parts of 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. I his is certainly ef- 
ficient to prove, at leaft, that it contams very little wa- 
ter 5 and confequently we may conclude, with Mr Kir- 
wan, that 100 parts of fulphuric acid, of thc 

gravity 2,000, are compofed pretty nearfy of 89»25 oi 
pure acid and 10,75 of water. This method ufed by 
Mr Kirwan is nearly the fame with that propofed by 
tj[y TCpir ^• ••if* 

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 alter the procefs has 
gone on for fome time, a quantity of acid is obtained m 

S T R Y. Part If. 
a folid form, or eryftallized. This, as Morveau has Sulphuric 
{hewn, is fulphuric acid deprived of the water with, Acid- J 
which it is ufually combined. When this glacial acid, v 

as it has been called, is expofed to the air, it rifes in 
white fumes, and is foon diffipated. This Angular 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 afiifted by heat, it decompofes alfo fome S9Q ‘ * 
of the metallic oxides which contain the greateft quan- 399 
tity of oxygen ; as red oxide of lead, black oxide of man-Afiion 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 lilver, mercury, 
copper, antimony, bifmuth, arfenic, tin, and telluriunu 
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 falls denominatedfulphats. Thus 
the combination of fulphuric acid and foda is called/w/- 
phat of foda ; the compound of fulphuric acid and lime, 
fulphat of lime, and fo on. It does not ad upon filica 

’fc Keir's 
Diliionary, 
art. Acid. 

nor adamanta. 
The affinities of fulphuric acid are as follows f : 

Barytes, 
Strontites^, 
Potafs, 
Soda, 
Lime, 
Magnefia, 
Ammonia, 
Alumina, 
Jargonia § ? 
Oxide of zinc, 
 — iron, 
  manganefe, 
 cobalt, 
  nickel, 
  — lead, 
    tin, “ 
.  copper, 
  bifmuth, 

400 _ 
Its affini- 
ties. 
f See Berg* 
man and 
Lavoijier. 
} Dr Hope, 
Tranf. Edin. 
iv. 

§ Vauqudin, 
Ann. de 
Cbim, xxii. 
ao&. 

Oxide 

Then face the increafe of dcnfay does not change the weight of the whole, , _ * X a-H * - 
1 — 4cx-\'4cx2Xy 

Hence * = 0,5 - + (Vc7 _ °’5) 

a — a x h x 
y ~~ 1 — 4 r sc -+ 4 r *4 

And making a = i, b — 0,8199* c — o>Q288 
.■8m + /JCZ.I-+ (2^21 0,5 ) 
>2304jy V 0,1152^ \o,2304ty / 

0,1 
w = 0,5   0,2304.7 

I — 0,1801 X  
y— 1 — 0,1152* 4- 0,1152 w2* 

152^ \o,23°4^ 

See Irtfh Tranf HI. 
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Oxide of antimony, 
   arfenic, 
  mercury, 
■ • — filver, 
  gold, 

platinum. 
Oil, 
Water. 

401 
Component 
parts of ful- 
phurous a- 
cid. 

Sect. II. 

# Fourcroy 
and Fau. 
yuelin. 

40a 
Its difco- 
very. 

4°3 
Method of 
procuring 
it. 

404 
#ts proper 
ties, 

Of Sulphurous Acid. 

SutPHUR.ous acid is compofed of fulphur and oxy- 
gen combined ; the proportions have not been aicer- 
tained ; -but the fad 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 fad has not been attend- 
ed to, that in this acid the fulphur ana oxygen mutu- 
ally faturate each other ; and that fulphuric acid is not 
compofed of fulphur and oxygen, but of fulphurous acid 
and oxygen. Phofphorus is capable of ^decompoling 
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 efftd 
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 ? and that fulphur has a ftronger 
affinity for oxygen than fulphurous acid has ? For if 
both the acids were compofed diredly of fulphur and 
oxvgen, it would follow from experiment, that the affi- 
nity of phofphorus for oxygen was both ilronger and 
weaker than that of fulphur; winch would be abfurd. 

Sulphurous acid has been known fince the time of 
Stahl. Scheele firft difcovered the method of obtain- 
ing it in quantities; and Dr Prieitley 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 petals. Ily 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 tnen applied a 
gentle heat. The fulphurous acid is in this manner dif- 
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 ftronger affinity for oxy- 
gen than fulphurous acid, and applying a heat fufficient 
to diftil over the iulphurous acid as it forms. Mr Ber- 
thollet has Found, that fugar is the heft fubftance to 
employ for this purpofe. 

Dr Prieftley poured a little oil on fulphuric acid, ap- 
plied heat, and received the produft 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 
It is incapable of maintaining combuftion ; nor 

S T It Y. .T°9 
man, is 0,00246 * ; according to Lavoifier, 0,00251 t.Su,phV^ous 

Clouet and Monge found, that by the application of v  
extreme cold it is converted into a liquid. _ # On k/ec- 

Dr Prieftley difcovered, that when a ftrong heat is i;Vt Jttr.ic- 
applied to this acid in clofe veffels, a quantity JU!*+ali/L 
phur is precipitated, and the acid is converted into Appendty. 
phuric Berthollet obtained the lame refult : but j- Qn ^nr% 
Fourcroy and Vauquelin could not fucceed$. ii. 330. 

Water abforhs 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 1,0401|. || Bertbol/et, 
Water in the ftate of ice ahforhs it very rapidly, and IS 

inftantly melted. Water laturated with this acid can ^ 
he 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 65,25 > it is 
filled with a vail number of bubbles, which continually 
increafe and rife to the furface. Thele bubbles are a 
part of the acid feparating from it. It freezes a few 
degrees below 32«[. _ lndFal°* 

Sulphuric acid abforbs it at zero; but allows great 
part of it to efcape at 32 *■ cbolfanFibidi 

It reddens tinfture of turnfol; hut 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 Wd. 

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 Hate of gas it is abforbed by oils and 
ether. 

When glafs tubes, filled with fulphurous acid in the 
ftate of gas, are expofed to a ftrong heat, a quantity of 
fulphur precipitates, and the reft of the acid is convert- 
ed into the fulphuric. , ,, 405 , - 

It combines with the alkalies, alkaline earths, and Its combi- 
alumina, and many of the metallic oxides, and forms neu-natlons’ 
tral falts, known by the name oifulphites. # 4.06 

Its affinities, as far as they have been inveftigated. And affinl 
are as follows : 

Barytes, 
Lime, 
Potafs, 
Soda, 
Magnefia, 
Ammonia 
Alumina 
Jargonia * ? 
Metallic oxides. 
Water. 

ties. 
1 Ibid. 

ia, 1 
lia, j 

# Fauquelix} 
Ann. de 
Cbim. xxii. 
208. 

Sect. III. Of Nitric Acid. 

There are three different fubftances compofed of a- 

air. 
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- 

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 nitric a. 
jorca in 1235. He procured it by diftilling a mixture cid. 
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 
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ted ncpia fort'n and /pint of nitre. The name nitric acid 
was firft given it in 1787 by the French chemiits. 

Nitric acid is generally obtained in large manufafto- 
ries by dillilling a mixture of nitre (r) and clay ; but 
the acid procured by this procefs is weak and impure. 
Chcinifts generally prepare it by diftilling three parts 
of nitre and one of fulphuric acid in a glafs retort. This 
method was lirlt ufed by Glauber. When obtained in 
this manner it contains fome nitrous acid, which may 
be expelled by the application of a very gentle heat *. 

Nitric acid is one of the moll important indruments 
of analyfis which the chemid pofiefles ; nor is it of in- 
ferior conitquence when confidered in a political or com- 
mercial view, as it forms one of the mod edential in- 
gredients of gunpowder. Its nature and compofitiou 
accordingly have long occupied the attention of philo- 
fophers. We dial! endeavour to trace the various deps 
by which its component parts were difcovered. 

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 podefled 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 comlujlion, and was necejfary for 
refpiration. 

Dr Hales, by applying heat to nitric acid, and what 
he called Walton mineral, obtained a quantity of air pof- 
feded 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 Priedley 
difcovered 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 Mayow’s affirmation is verified. 

Dr Priedley, however, explained this fa& in a diffe- 
rent manner. According to him, nitrous gas is com- 
pofed 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 thefe 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 (-j-'^th 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. 

S T R Y. Part II. 
Dr Priedley had procured his nitrous gas by diffolving Nitric 

metals in nitric acid ; during the dilution of which a , 
great deal of nitrous gas efcapes. He fuppofed 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 * : * 
To 94; grains of nitric acid (fpecific gravity 1.316) 
he added 1X04 grains of mercury. During the folution 
273,234 cubic inches of nitrous gas were produced. Fie 
then didilled 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 reparation 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 decompoling 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 wasM^F* 
evidently a compound ; but the difficulty was to difco- 
ver the ingredients. Mr Lavoifier concluded, from an Nitriyut. 
experiment made by decompofing nitre by means of 
charcoal, that it contained azot: and feveral of Dr 
Prieftley’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 combuftion 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 conjetture, 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 1920 to 4860^. f phil, 

Thefe experiments were immediately repeated by ‘Tranf. 
Meffrs Van Marum and Van Trooflwyk, and with near-1?^* 
ly the fame refult. 

The moft 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 Prieftley’s difcovery (1772) they were not accurately diftin- 

guifhed. 
(x) We have already mentioned, in a preceding note, that this experiment was firft made by Mr Bayen. See 

Part I. chap. iii. of this Article. 
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which is about the fixth part of an inch, through the 
cork that (huts one end of which let a fraall metallic 

' conductor pafs with a ball at each end. . Fill this tube 
with mercury, and plunge its open end into a bafon o 
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 potais till it till 
half an inch more. Then, by means of the conductor, 
make eleftrical explofions (from a very powerful ma- 
chine) to pafs through the tube till the air is as much 
diminilhed as pofiible.. Part of the potafs will be found 
converted into nitre. Mr Cavendilh aftually 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. I 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 thele 
experiments were made, that atmolpherical air was di- 
minifhed 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 of 
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 Cavendilh 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 objeftions of Dr 
Prieftley have been eonfidered while we were treating 
of water. Confequently nitrous gas muft alfo be com- 
pofed of the fame ingredients. According to Lavoi- 
her, 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 adtion of light is iulficient to drive off a part 
of its oxygen in the form of gas ; and thus, by convert- 
ins’- it partly into nitrous acid, to make it affume a yel- 
low colour. Its tafie is exceedingly acid and peculiar. 
It is very corrofive, and tinges the fkin 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 attrafts moiflure from the atmofphere, 
but not fo powerfully as fulphuric acid. It alfo pro- 
duces heat when mixed with water, owing evidently to- 

4H the concentration of the water. _ . 
Its ilrength The fpecific gravity of the ftrongefl nitric acid that 
at different can be procured is, according to Rouelle, 1,383 ; but 

vitiefCgfa"at the temperature of 6o°, Mr Kirwan could not pro- cure it ftronger than 1,5543. 
Taking this acid for the ftandard* IVa* I\.irwan lias-' 

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 ful-- 
phuric acid. 
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too pans, 
at the fpt- 
cific gra- 

vity 

Contain 
of ftan- 

dard acid' 

M543 
1,5295 
i>5i83 
1,5070 
i>4957 
1,4844 
1,47s1 

i,47! 9 
1,4707 
1,4695 
1,4683 
1,4671 

1,4640 
1,4611 
1,4582 
i>4553 
1,4524 
»,447 * 
1,4422 
i,4373 
1,4324 
i,4275 
1,4222 
1,4171 
1,4120 
1,4069 

too parts, 
at the fpe- 
cific gra- 

vity 

IOO 
95 
94 
93 
92 
91 

90 
89 
88 
87 
86 
85 
84 
83 
82 
81 
80 
79 
78 
77 
76 
75 
74 
73 
72 
71 

Contain 
of fian- 

dard acid 

1,4018 
1,3975 
i»3925 
i,3875 
1,3825 
',3775 
i,372i 
1,367! 
1,3621 
MS?1 

M521 

1,3468 
i,34i7 
i,3366 

I>3315 
1,3264 
1,3212 
i,3i6° 
1,3108 
i,3°56 

i,3o°4 
1,2911 
1,2812 
i,2 795 
i,2779 
1,2687 

1* 70 
69 
68 
67 
66 
65 
64 
63 
62 
6i 
60 
59 
58 
57 
56 
55 
54 
53 
52 

51 

50 
49 
48 
47 
46 
45 

00 parts, 
at the fpe- 
cific gra- 

vity 

Now, how much water does nitric acid contain, the 
denfity of which is 1,5543 • 412 

Mr Kirwan dried a quantity of cryftalhzed carbonat Qnantity 
of foda in a red heat, and diffolved it in water, in fuch 
a proportion, that 367 grains of the folution^contained^ concen„- 
50,05 of alkali. He faturated 367 grains of this fold-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 i304l^r‘>> 
By comparing this with a folution of nitrat of foda, or 
the fame denfity, precifely in the manner deferibed for- 
merly under fulphuric acid, he 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 '439- = 85,142 grains. The quan- ^ 16,901 
tity of alkali was 50,05—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*. _ _ _ * Itijh 

One hundred parts of ftandard nitric acid, therefore, iva 
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 water may be greater. He bar, 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 occafioned 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 Hill contains a great deal of caloric ; a 
fadt which is confirmed by a great number of other 
phenomena. The combuftion of oils by this acid was 
firfl taken notice of by Borrichius and Slare ; but it is 
probable that Homberg communicated 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 mull 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 aft. The drying oils do not re- 
quire any fulphuric acid : they have been boiled, and 
confequently deprived of all moifture. It fets fire alio 
to charcoal, provided it be perfectly dry. Fhis fact 
was firft obferved by frouft, and afterwards confirmed 
by the Dijon academicians. It fets fire alfo.to zinc, 
bifmuth, and tin, if it be poured on them in fuhon, 

< and to filings of iron, if they be perfe&ly dry *. In 
Dijon Aca- ap ,Ljiefe cafes the acid is decompofed. Sulphurated 

tntcor- hydrogen gas alfo takes fire, and burns with a ftrong 
nette. flame by means of this acid f. 
\7romfdorff. It is capable of oxidating all the metals except gold, 

platinum (x), and titanium. It appears, from the ex- 
periments of Schefler, Bergman, Sage, ana.I diet, that 
nitric acid is capable of diflfolving (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 nltrats. It does 
not a£t upon filica nor adamanta. 

The order of its affinities is as follows : 
Barytes, 
Potafs, 
Soda, 
Strontites ^1, 
Lime, 
Magnefia, 
Ammonia,, 
Alumina, 

, Jargonia $? 
Metallic oxides, in the fame order 

as for fulphuric acid. 
W ater. 
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Preuft, 

4H . 
Its combi- 
nations, 

4I5^ • And amm- 
tios. 

J Dr Hopt, 

5 Vauquelin, 
Ann. de 
Chint. xxii. 
ao8. 

Nitrom 
Acid, 

If oxygen gas be mixed with nitrous gas, a quanti-' "4! 
ty of red fumes appear, which are readily abforbed by Component 
water. Thefe red fumes are nitrous acid. parts of 

If a glafs veflel containing nitric acid be inverted in- ni“r°as a- 
to another veffel containing the fame acid, and expofedu 

to the light, the inverted glafs will become partly full 
of oxygen gas, and at the lame time part of the nitric 
acid is converted into nitrous acid *, It follows, from * Scleele, 
this experiment, that nitrous acid contains lefs oxygen CVe//’, An- 
than nitric acid. Lavoifier has calculated, that it con- 
tains fomewhat lefs than three parts of oxygen to one 
of azot. _ 4x7 

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- (■ Bergman, 
ley obferved, that water impregnated with this acid in 
the ft ate 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 f# \?riefhy% 

It is abforbed by fulphuric acid, but feemingly with-111- llx* 
out producing any change ; for when water is poured 
into the mixture, the heat produced expels it in the 
ufual form of red fumes §. The only Angular circum-j n;j. 
fiance attending this impregnation is, that it difpofesp. 144. 
the fulphuric acid to cryftallize ||. This fa£l, firft ob-|| Hid. 
ferved by Dr Prieftley in 1777 (y), was afterwardsp. 136. 
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 luppofes them the fame with thofe or nitric 
acid. 

Of 

(x) Nitre, however, ads upon platinum, as Mr Tennant has proved. Phil. Tranf. 1797. Morveau had 
made the fame obfervation in the Elemens de Chimie de VAcademic de Dijon. . , , . 

(Yj Bernhardt, however, relates, in 1765, that once, when he was diftillmg a mixture of ten pounds of nitre 
with an 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—he obferved a confiderable quantity ot 
a white cryftalline fait formed in the adapter, while the liquid acid pafted as ufual into the receiver. 1 his 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 of a 

blood red vapour, till the whole of it difappeared. Half an ounce of thefe cryftals diffolved m water with fpurt- 
imr and biffing, like that of a red-hot iron dipped in water, and formed a green nitrous acid, borne of this fait 
being put into a bottle, which was not well flopped, entirely vanifhed. Thefe cryftals were evidently the fame 
with Dr Prieftley’s. See fair's Diaionary. 
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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 diflblving 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 inviilble 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 J. 

Neither phofphorus nor fulphur feem capable of de- 
compofmg nitrous gas. 

Mr Linck, profefibr 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, 
diminilhed when expofed to day-light over water. Com- 
mon air is not more dminilhed by this admixture kept 
a long time : but the mixture itfelf of thefe two gafes 
is diminilhed 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 dill 
liable to uncertainty in its application. Perhaps the 
bed 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 palling eleftric explofions through it. 

Let us now confider 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 direftly 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- Muriatic 
pofition is confirmed by confidering that the ftrength Ac*<^ , 
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 fefzing 
fome of its oxygen, and of converting it into nitrous 
acid ; but they have no effedt 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- 
pofing 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 diredl 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 Ihould not always prevail? 
Mix together nitric acid and nitrous gas in proper pro- 
portions, and the wdiole 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 tiitrous acid has a 
ftronger affinity for oxygen than nitrous acid has. But 
were azot and oxygen capable of uniting in various 
proportions, why ffiould not a mixture of nitric 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 Ihew us, that thefe 
bodies are combined in the following manner : 

Azot and 1 c J- torm nitrous gas; 

form nitrous acid ; 

I f° rm 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 Trooftvvyck 
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 dire&ly of oxygen and azot, ni- 
trous gas of this air and oxygen, and fo on. There 
may be even links ftill farther back than that. 

Sect. V. Of Muriatic Acid. 

TT ^11 ic acid appears to have been known to Bafil Difcovery 
Valentine ; but Glauber was the firft who extradled it"^ mumtic 

Rr '“fromacid* 

Oxygen 
Nitrous gas 
and oxygen 
Nitrous acid 
and oxygen 
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Muriatic from common fait by means of fulphuric acid. Com- 

Add. mon fait js Compofed of muriatic acid and foda, for 
' * ' which laft fubftance fulphuric acid has a flronger affini- 

ty. This acid was firit called fpirit of fait, afterwards 
* From mu- marine acid, and now, pretty generally, muriatic acid*, 
ria. It is fometimes prepared by mixing one part ot com- 

mon fait with feven or eight p:jrts of clay, anddiftillmg 
the mixture. The clay, in this inftance, is fuppofed to 
adf chiefly by means of the fulphuric acid which it al- 
ways contains (z) : But this fubjed ftill requires far- 
ther elucidation. By thefe proceffes, muriatic acid is 
obtained diffolved in water. Dr Prieftley difcovered, 
that by applying heat to this folution, and receiving the 
produA in veffels filled with mercury, a gas was procu- 
red ; which gas is muriatic acid in a ftate of purity. 

Muriatic acid gas is invifible and elaftic, like com- 
mon air. It deftroys life and extinguifhes flame. A 
candle, juft before it goes out in it, burns with a beau- 
tiful green, or rather light blue flame and the fame 

f Priefley, flame appears when it is firft lighted again f. 
ii. 493. rphe fpecific gravity of muriatic acid in the ftate of 

gas is, according to Mr Kirwan J, 0,002315, which is 
nearly double that of common air. _ . 

Water abforbs this gas with avidity. Ten grains of 
water 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 
1 coo, and the denfity of the pure muriatic acid in it ( Kiwcm, j r 

JrijhTrar,/. acid can only be ufed conveniently when 

diffolved in water, it is of much confequence to know 
how much pure acid is contained in a given quantity ot 

4*4 liquid muriatic acid of any particular denfity. 
Quantity of Now the fpecific gravity of the pureft muriatic acid 
it contained ^at can ea{ily be procured and preferved, is 1,196 ; it 

various °f would be needlefs, therefore, to examine the purity of 
denfities. any muriatic acid of fuperior denfity. Mr Kirwan cal- 

culated that muriatic acid, of the denfity 1,190, con- 
tains rVo Parts t^ie denfity 1,500, which he 
took for the ftandard ; then, by means of experiments, 
he formed the following Table : 

?ts proper- 
ties. 

'*93- 
I W . 
Tranf, iv. 

too parts, 
at the fpe- 
cific gra- 

vity 

Contain 
of ftan- 

dard acid 

1,196 
i»I9I 

1,187 
1,183 
i,i79 
1,175 
1,171 
1,167 
1,163 
M59 
1,>55 
1,151 

49 
48 
47 
46 
45 
44 
43 
42 
4* 
40 
39 
38 

iOo parts, 
at the fpe- 
cific gra- 

vity 

1,147 
1,1414 
1,1396 
IASS8 

1,1 220 
1,1282 
1,1244 
1,1206 
1.1 168 
1.1 120 
1,1078 

Contain 
of ftan- 

dard acid 

100 parts, 
a! the fpe- 

ific gra- 
vity 

37 
36 
35 
34 
33 
32 
3i 
3° 
29 
28 
27 

Contain 
of ftan- 

dard acid 

1,1036 
1,0984 
1,0942 
1,0910 
I,o868 
1,0826 
1,0784 
1,0742 
1,0630 
1,0345 
1,0169 

26 
25 
24 
23 
22 
21 
20 
19 
l6 
IO 
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is always called by that name) is generally of a pale Oxy-muria. 
yellow colour, owing, as Dr Prieftley fuppofed, to fome ,tlc Aad» 
earthy matter diffolved in it ; but much more probably v_¥"~f 

to its having abforbed a quantity of oxygen, fqr which 
it has a ftrong 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 
ftronger affinity for oxygen. It is very volatile, as 
might be expeAed, conftantly emitting white fumes of 
a peculiar and unpleafant odour. 4J- 

Muriatic acid is capable, by the affiftance of heat, of Its adtion 
oxidating the following metals : Iron, tin, lead, zinc, ®n 

bifmuth, cobalt, nickel, manganefe, antimony, arfenic. 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 aAion on gold, platinum, mercury, tungften, 
molybdenum, tellurium, titanium. Its aAion on ura- 
nium has not been tried. 

In the ftate of gas, it appears to decompofe alcohol 
and oils by its affinity for water*. * pr'efbt 

It is capable of diffolving a little fulphat and fluatf”^1^ 
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 ffiewed, that this acid, in the ftate of Deftroys 
gas, neutralized putrid miafmata, and by that meansEta™' 
deftroyed their bad effeAs. In 1773, the cathedral of 
Dijon was fo infeAed 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 fulphunc 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 (hut all the 
doors. The muriatic acid gas foon filled the whole ca- 
thedral, and could even be perceived at the door. After 
j 2 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 ||, . r Ann d, 
Metallic oxides as in fulphuric acid," ^ 
Water. aoS. 

I Jour. de 
Pbyf. i. 436.. 

4*7 •, 
Usaffinities. 

§ Dr Ho//. 

Vauqueli*, 

Sect. VI. Of Oxy-muriatic Acid. 418 

Muriatic acid (for this folution of the acid in water 

-J - S 4*0 

Put into a glafs retort one part of the black oxide Difcovcry^ 
of manganefe and three parts of muriatic acid; pac^ratjonof 
it in a fand-bath in fuch a manner that the liquor which oxy.niuria- 
rifes up into the neck of the retort may fall back again tic acid. r into 

(2) Morveau has ffiewn, that even alumina contains fulphuric acid, provided a precipitation, on adding mu- 

“V) Fo/kt bb= thfdinfity of’a mixture; m the weight of the denfer ingredient; d its denfity; / the weight of 
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Oxy-muri- j'nto the vefTd ; and apply a fmall receiver, with a little 
atic 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 5 it 
is then to be removed, and others applied fucceffively 
till the operation be finilhed. 

This gas is oxy-muriatic acid, firll difcovered by 
Scheele, while he was making experiments on manga- 
nefe, and called by him depblogijlicated muriatic acid, be- 
caufe he thought it muriatic acid deprived of phlo- 
gifton. The French chemills called it oxygenated muri- 
atic acid, which Dr Pearfon contracted into oxy-muria- 
tic acid; and this lall name we have adopted, becaufe it 
is fhorter and equally diitinCt. 

The true theory of the formation and compofition 
of this acid, which was firll given by Berthollet, will 
appear from the following fads: The black oxide of 
manganefe is, during the procefs, converted into white 
oxide, and mull therefore have given out a quantity of 
oxygen. When oxy-muriatic acid dilfblved 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 llronger affinity for 
oxygen than the white oxide ; during the dillillation 
the black oxide is decompofed, the oxygen combines 
with muriatic acid, and the produft 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 indullrious 
Pelletier, to whom we have fo often referred, was occa- 
fioned by his attempting to refplre it. A confumption 
was the confequence of this attempt, which, in a Ihort 
time, proved fatal. 

It does not unite readily with water. Scheele found, 
that after Handing 1 2 hours over water, £ths of the gas 
were abforbed: the remainder was common ah, which 
no doubt had been contained in the velfel 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 velfels ; but the fmalleft heat made it 
rife in bubbles, and endeavour to efcape in the form of 

* Journ.de gas*. Weilrum obferved that it became folid when 
Phyp. 1785. eXp0fecj Jn large veffels to the temperature of 40°; and 

Pbyjique ‘ that then it exhibited a kind of cryllallization f. The 
jouvii. 38a. fpecific gravity of water faturated with this gas, at the 
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temperature of 4$°, is 1,003 *. Water impregnated Oxy-muri- 
with it has not an acid, but an aullere talle f, unlike atic Acid^ 
that of other acids. * Bertlollct, 

It renders vegetable colours white, and not red, as Jeurn. de 
other acids do; and the colour thu? deftroyed can ‘785. 
neither be rellored by acids nor alkalies. It has the t 
fame effe&s 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 effedl fo 
readily, except when affifted by heat*. • Morveaut 

When muriatic acid is mixed with nitric acid, the Encyc. 
compound has precifely the fmell and the qualities of Method.. 
oxy-muriatic. It can fcarcely be doubted, therefore, u 

that as far as it ads as an acid, different from the mu-3,5 ^ 
riatic and the nitric, it is nothing elfe but oxy-muriatic Nitro-mu- 
acid. riatic acid. 

This mixture of the twro acids was formerly called 
aqua regia; but at prefent it is called by the French 
ehemifts nitro-muriatic acid. It is firll 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. 43* 

Oxy-muriatic acid oxidates all the metals (except, hs action 
perhaps, titanium) without the affiftance of heat. eC 

It decompofes red fulphuret of mercury, or cinnabar, ie9‘ 
which neither fulphuric nor nitric acid is able to ac- 
complifh §. .... § Bergman. 

All the fubftances placed before muriatic acid in the 
table of the affinities 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 
bluifh 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 
bluilh 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. |j journ.de 

R r 2 W i t h Phyftquc, 
xxxvil.385. 

m -\-m' 
an equal bulk of water; and m, d!, and /', the fame elements of the rarer : Then D = //'• 1° the above 

cafe, + = 20, and / + /' = 13,3. Then D = —0~. = 1,5. Now to find the fpebific gravity of the 

m -f- m’ — /’ D 5 
g = 3>3 > and </ - condenfed muriatic acid gas, we have from the above equation / = 

10 m 
^ _ 3>3 

This calculation, however, is formed upon the fuppofition that the water fuffers no condenfation at all—a 

= 3,03. See Iri/h Tranfafiions, vol. iv. 

culation, however, is formed upon th 
fuppofition certainly contradifted by every analogy, and which, as Mr Keir has ffiewn, the experiments mentioned 
in Mr Kxrwan’s firft paper are inefficient to prove. 
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Oxy-muri- With alkalies, earths, and metallic oxides, it is ca- 
atr Acid. pa^]e 0f combining and forming neutral falts, which 

have been called oxy-mariata. 
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, 

* Vauque- 
lin, Ann de 
Chim. XXli. 
ao8. 

414 
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ponent 
parts of 
muriatic 
acid. 

Magntfia (b), 
Oxide of manganefe, 

■ — mercury, 
*  molybdenum^ 
- nickel, 
 gold, 
—   platinum, 
 lead, 

Potafs, 
Soda, 
Oxide of tungften, 
 zinc (c). 

The component parts of muriatic acid are Hill im- 
perfedtly known. Dr Girtanner pretended, about the 
year 1790, that he had decompofed it; and that it con- 
fjfted of hydrogen combined with a greater proportion 
of oxygen than enters into the compofition of water. 
He pafled eleftrical explofions through muriatic acid, 
and obtained a quantity of oxygen and hydrogen gas. 
But a repetition of thefe experiments ffiewed, 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 unexpected path, which feems to lead direCt- 
ly to the difcovery of the component parts of this acid. 
He found, that when iron was afted upon by fulphu- 
rated hydrogen gas, a fubftance was produced which 
pofieffed all the properties of oxy-muriat of iron (oxy- 
muriatic acid combined with iron). The fulphurated 
hydrogen gas which he ufed was obtained from lulpburet 
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 vvafli- 
ings with diftilled water. The bottle was filled with 
the folution, and corked. The iron was prefently afted 
upon ; numerous bubbles arofe, which drove the cork 
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out of the bottle ; they were ftrongly inflammable, and Phofyhoric 
probably, therefore, pure hydrogen gas. The liquor AcM. 
gradually loft its odour of fulphurated hydrogen gas,' ~ ‘ 
and after feme 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 deliquefeent 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 ; 
a diftinguilhing charadleriftic, as Bergman has obferved, 
of the muriatic acid.—When manganefe and mercury 
were diflblved in fulphurated hydrogen gas, the falts 
formed gave the fame unequivocal marks of the pre- 
fence of muriatic acid *. * Lambt, 

Shall we conclude from thefe fa&s, that the bafis of 
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. 

Phosphorus is capable of forming combinations 
with twro 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 difeovered it by allowing phofphorus 
to burn flowly in common air. But Margraf was the 
firft perfon who examined its properties, and difeovered 
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 thel)rel>anrS! 

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. 

(c) This is the order of the affinities of nitro-muriatic acid. Many fadts (fome of which fliall 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 Lenainton Priors. Manchejler Memoirs^ vol. V. part ill. 
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phofphoric acid from phofphorus without combuftion, 
by the mere aftion of the nitric acid on phofphorus . 
Mr Lavoifier has repeated and defcnbed this procefs f. 
He put two pounds of nitric acid, the fpecihc gravity 
of which was 1,2989?, into a retort, the contents of 
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 1235 deg. he added fucceffively fmall quantities 
of phofphorus, about 10 or 12 grains at a time, until 
he had diffolved oz. At firft the effervefcence was 
great, but at laft he was obliged to apply heat to etted: 
the folution. The operation lafted 17 or 18 hours- A 
good deal of nitrous acid had palled into the receivei. 
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 afcertain 
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 ounces, and the quantity ol 
water at about 2 ounces. ... 

Lavoifier computes that phofphoric acid contains 100 
parts of phofphorus and 154 of oxygen. 

The colour of this acid is white; it has no imell, has 
an acid tafte ; but is not corrofive (e). , c . 

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 exceeding y 
difficult to clear it entirely ; there is like wife a imail 
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 vedel is taken 
from the fire. If the matter be then put into a cru- 
cible, and placed among burning coals, it firft boils vio- 
lently, and gives out a vapour which tinges flame green, 
and is at laft converted to a white tranfparent glafs, in- 
foluble in water. # f 

The fpecific gravity of this acid m a ftate ot. dry- 
nefs is 2,687 t, that of phofphoric acid by dehquef- 
cence 1,417 $• It is capable of cryftallizing ; its cry- 
ftals are quadrangular prifms terminated by quadrangu- 
lar pyramids. , . . 

Phofphoric acid obtained by dehquefcence, when mix- 
ed with an equal quantity of diftilled water, acquired fo 
little heat as to raife the thermometer only one degree, 
as Mr Sage obferved. 

Mr Lavoifier raifed Reaumur’s thermometer trom 8° 
to 140 or 150 by mixing phofphoric acid boiled to the 
confiftence of a fyrup, with an equal quantity of water; 
and from 8° to 3 2° 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. 
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It does not a£l upon gold, platinum, filver, copper, 
mercury, arfenic, cobalt, nickel. It appears, however, 
to have fome aftion on gold in the dry <way, 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 phofphats. _ 

Phofphoric acid, by the affiftance of heat, is capable 
of decompofing glafs. 

Its affinities are as follows: 
Lime, 
Barytes, 
Strontites*, * Hope, 
Magnefia, Vranf E- 
Potafs, 
Soda, 
Ammonia, 
Alumina, 
Jargonia f, # + Vau}ue~j 
Metallic oxides as in fulphuric acid, 
Water. 20g. 

The Phosphorous Acid is formed when phofpho- 44D 
rus is expofed to a flow fpontaneous combuftion at thePhofpho- 
temperature of the atmofphere; but it gradually abforbs «>us acid, 
more oxygen, and 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 Acid. 

The word borax firft occurs in the works of Geber, 
an Arabian chemift of the 10th 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; wdience in fummer, when the water is (hal- 
low, it is extra Aed and carried off in large lumps. Some- 
times the water in thefe lakes is admitted into refervoirs, 
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 meaiure pu- 
rified and cryftallized: in this ftate it comes to Europe, 
and is called tincal. In other parts of Thibet, it feems, 
by accounts received from China, they dig it out of the 
ground at the depth of about two yards, where they 
find it in fmall cryftalline maffes, called by the Chinefe 
mi poun, houi poun, and pin poun ; and the earth or ore 

c&Vitk pounxa\. 
Though borax has been in common ufe for nearly 

three centuries, it was only in 1702 that Homberg, by 441 
di ftilling a mixture of borax and green vitriol, difeovered DU'covery 
the boracic acid. He called it narcotic or fedative fait, of f oraac 
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 acids. Geoffroi afterwards difeovered, 

441 
B>,rax. 

f Kirvan's 

(E) We have obferved, however, that when very 
ftances, paper for inftance, very completely. 

much concentrated it deftroyed the texture of vegetable fub- 



443 
Attempts 
to prove 
that it does 
not exilt in 
borax; 

0 H E M 
that borax contained foda : 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 chemiits had imagined, but was 
a peculiar fubftance which pre-exifted in that fait. 

This conclufion has been called in queflion by Mr Ca- 
det *, who affirmed that it was compofed of foda, the 
vitrifiable earth of copper, another unhno'wn metal, and mu- 
riatic acid. But this alfertion has never been confirmed 
by -a Pro°f» Cadet has only proved that bo- yf'il a* racic acid fometimes contains copper; and Beaume’s 
experiments are fufficient to convince us that this metal 
is merely accidentally prefent, and that it is probably 
derived from the veffelsemployed 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 infufficient to prove that boracic acid is not a 
peculiar fubitance, fince it difplays properties dilferent 
from every other body. 

And to Mefirs Txlchaquet and Struve have endeavoured, on 
prove that the other hand, to prove that the phofphoric and bo- 

phonc acid raCIC aC'ds art the larne* But their experiments mere- * ' ’ ly ffiew that thefe acids referable one another in feveral 
particulars ; and though they add confiderably to our 
knowledge or the properties of the phofphoric acid, they 
are quite inadequate to eitabliffi the principle which 
thefe chemifts had in view ; fince it is not fufficient to 
prove the identity of the two acids, to ffiew us a refem- 
blance in a few particulars, while they differ in many 
others. Boracic acid muff therefore be confidered as a 
diftindf fubitance, the component parts of which are en- 
tirely unknown. 

The eafieft method of procuring boracic acid is the 
following one : Diflolve 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 
afide to cool, and a great number of fmall, fhining, la- 
minated cryftals will form. Thefe are the boracic acid. 
They are to be waflied with cold water, and drained 
upon brown paper. 

This acid has a fourifh tafte at firft, then makes a 
bitterifh cooling impreffion, and at laft leaves an agree- 
able fweetnefs. Its cryftals 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 mulk is produced *. The air produces no 
change on it. 

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 dificlve 434 of this acid. According to Morveau, 
one pound ot boding 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. 

$ Kirwans Its fpecific gravity is 1,479 
Miner, ii. 4* 
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with a green flame. Acid. 
I hough mixed with fine powder of charcoal, it is '■“"“■’V—"* 

neverthelefs capable of vitrification ; and with foot it 
melts into a black bitumen-like mafs, which is, however, 
foluble in water, and cannot be eatily calcined to allies, 
but fuhhmes in part*. * Keir's 

With the affiftance of a diftilling heat it difiblves in ^>^i»nary, 
oils, efpeciaUy in mineral oils ; and with thefe it yields 
fluid and lolid products, 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 diflfolving any of 447 
the metals except iron and zinc, and perhaps copper. ItsadHon 

Boracic acid?combines with alkalies, alkaline earths, Vther 

and alumina, and moft of the metallic oxides, and forms JodieS' 
compounds, which are called borats. 

Its affinities are as follows ; 
Lime, 
Barytes, 
Strontites 
Magnefia, 
Potafs, 
Soda, 
Ammonia, 
Oxide of zinc, 
■ 1     iron, 
—  lead, 
 tin, 
 cobalt, 
 copper, 
 nickel, 

mercury, 
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Alumina, 
Jargon ia^, 
Water, 
Alcohol. 

Sect. IX. Fluoric Acid. 

{ Vluque- 
lint Ann. Je 
Ctim. xxii. 
aoS. 

The mineral called jluor or fufible fpar, was not pro- Drover 
perly diftinguifhed from other fpars till Margraf pub-of fluoric7 

liflied a diftertation 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 aftonifhment, that the glafs retort 
was corroded, and even pierced with holes. Nothing 
more was known concerning fluor till Scheele publiftied 
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 exadfly as pof-*1, 

fible, a receiver containing eight ounces of water. Va- 
pours immediately appear and darken the infide of the 
veflel: Thefe are the acid in the ftate of gas. The dif- 
tillation is to be conduced 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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cefs, a cruft of white earth is found in the receiver, 
which has all the properties of filica. 

"V-**' Scheele fuppofed that the fdica produced was form- 
ed of fluoric acid and water, and Bergman adopted the 
fame opinion. But Wiegleb and Buccholz fhewed, 
that the quantity of filica was exaftly 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 each 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. The fponge in the firft 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 tranflating 
his works, to enable him to correa the miftake in his 

Attempts Soon after the difcovery of this acid, difficulties and 
to difprove doubts concerning its exiftence as a peculiar acid were 

ftarted by fome French chemifts, difguifed under the 
name of Boulanger, and afterwards by Mr Achard and 
Mr Monnet. To remove thefe objeaions, Mr Scheele 
inftituted and publiflied 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 difcoverer. 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, 
ikheele, becaufe it is fufficient of itfelf to deftroy almoft all the 

objections of his antagonifts, which confifted in at- 
tempting to prove, that the fluoric acid was merely a 
modification of the acid employed to extraCt it. We 
fliall 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 
of potafs. As foon as they were melted, I poured out 
the mafs, rubbed it, when it was become cold, to a pow- 
der, and extracted the alkali from it again by lixivia- 
tion with water. I evaporated the lixivium to dry- 
nefs; and threw away the remaining undiffolved powder 
(which was only one of the component parts of the fluor, 
and which diflblved 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 extracted the acid from the fluor 
during its expofure to the fire with it. Should Mr 
Achard, agreeably to the opinion which he has adopt- 
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ed, conclude from this experiment, that the alkali fe- 
parated the volatile earth from the fluor ( f ) ; ftill 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 diflblved 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 w'as requifite, till all precipitation ceafed. Thus 
I transferred the fluor acid Irom the alkali to the oxide 
of lead. After walking 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 wuth an extrication of fluor acid 
vapours. But perhaps, in this cafe, the volatile earth 
of fluor unites with the fulphuric acid, and converts 
this fixed, or almoft fixed acid into acid-gas. 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 diflblved, 
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- 
ftance. 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 w ith fluoric acid ; and the acid water in the 
receiver let fall, on the addition of volatile alkali, a fili- 
ceous earth ’V’’ . * Crell's 

Sorry are wre to add, that fince the death of this Journal, i. 
mirable man, to ufe the words of Mr Kinvan f, a man 2*1. Eng. 
as eminent in the chemical as Newton in the mathema- as eminent in tne ciieuaeai as incwluk m mv. ummtnia- jy[ineratem 
tical branch of natural philofophy,. Mr Monnet £ has^>i>126/ 
thought proper to renew his attacks in a ftyle of haugh-; j ourn. dt 
tinefs and acrimony that infpires infinite difguft. The^j^-w- 
falacy of his reafoning is Efficiently expofed by Mr Le-*53* 
onhardi, in the 6th volume of his late learned edition Anj

5£eOR^ 
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 Ils ProPer* 
fpar, and receiving the produft over mercury. Ues’ 

This gas is the acid in a ftate 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. 
(g) Dr Prieftley at firft advanced this hypothefis, but he afterwards gave it up. 
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tion, nor can animals breatKe It without death. It has a 
pungent fmell, not unlike that of muriatic acid. 

It is heavier than common air. It corrodes the Ikin 
almoll inltantly. 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 date of gas this acid does not aft upon nitrous 
gas nor fulphur Alcohol and ether abforb it, but it 
does not alter their qualities f. 

It is capableof oxidating iron, zinc,copper, and arfenic. 
It does not aft 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 Jluats. 

It is capable, as we have feen, of diflblving 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 
Magnefia, 
Potafs, 
Soda, 
Ammonia, 
Oxide of zinc, 
— manganefe §, 
• ■ ' ■ iron, 
• lead, 
•  tin, 
  cobalt. 

copper, 
nickel, 
arfenic, 
bifmuth, 
mercury, 
filver, 
gold, 
platinum, 

|| Vauqut- 
liriy Ann. de 
Cbim. xxii. 
208. 
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Alumina, 
Jargonia || ? 
Water, 
Silica, 
Alcohol. 

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 Proufl 
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 faft, that air is extricated from folid bodies during 

S T R Y. part 

certain proceffes, and the latter gave to air thus pro- Carbonic 
duced the name of gas Boyle called thefe kinds of air Acid- 
artificial airs, and fufpefted that they might be diffe- 
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, confifting of a peculiar fpecies of 
air, and pure lime, magnefia, and alkali. To this fpe- 
cies of air he gave the name of fxed 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 * fir A concluded that it was an acid ; * Keirs 
and this opinion was foon confirmed by the experiments 
of Bergman, Fontana, &c. Dr Prieftley at firft fuf-art*^'>- 
pefted 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 difcovering its com- 
pofition, gave it the name of carbonic acid gas. 

The opinions of chemifts concerning the compftionTheona 
of carbonic acid have undergone as many revolutions asabout its 
its name. Dr Prieftley and Bergman feem at firft toc.ornPofi* 
have confidered it as an element; and feveral celebratedtl0n‘ 
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 pofiible 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 
objeftions that have been made to this conclufion, it 
would be improper to enter upon them here. 459 

If any thing was ftill wanting to put this conclu-Its ana^5, 

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 
aftually 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 
diftinguiflied by their termination. The name of that which contains moll oxygen ends in ic, the other in 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- 

Acid, 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 confifted of oxygen and 
carbon. This experiment was repeated by Dr Pearfon, 
who afcertained 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 Meffrs Fourcroy, Vauquelin, Sylveftre, 
and Broigniart (i) *. 

Carbonic acid may be obtained by pouring fulphuric 
acid upon chalk, and receiving the product in a pneu- 
matic apparatus. 

It is invilible and elaftic like common air. It extin- 
guiihes a candle, and is unfit for refpiration. It has no 
fmell. 

Its fpecific gravity is 0,0018 f ; but this varies ac- 
cording to its drynefs or moifture. 

It reddens the tindture of turnfole, but no other ve- 
getable colour J. 

Atmofpheric air contains about part of this 
gasfx). 

Water abforbs it by agitation, or by allowing it to 
remain long in contatt with it. At the temperature of 
410 water abforbs its own bulk of this gas. The fpe- 
cific gravity of water faturated 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 afiumes 
an agreeable acidity, and a fparkling appearance $. 

Ice abforbs no carbonic acid ; and if water contain- 
ing it be frozen, the whole feparates in the adl of free- 

JI Prn-Jilty, Zing |j. 
I. izo> This gas alfo feparates from water at the boiling 
^ Ibid. temperature <[[. 

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 fuffers no change in this gas except it 

•f- Brugna- contains a mixture of oxygen gas f. It has an affinity 
telli, Nicbol-for common air. Bergman left a bottle of it uncorked, 

^nal anC^ ^oun^ t^iat *n a ^cw days it contained nothing but na , 1. 44°‘ common ajr# Common air, indeed, has fo ftrong an af- 
finity for this gas, that it attra&s it from water, as Mr 

% Ann.de Welter has obferved J. 
Chim. iii. Suppl. Vol. I. Part I. 
0i. 

^ Ann. de 
Cbim. xiii. 
SI*- 
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It is abforbed by red hot charcoal, as Morozzo and Acetous 

La Metherie have (hewn. . Acid’ . 
It is capable of combining with alkalies, alkaline 4(5i 

earths, and alumina, and feveral metallic oxides, and of Corn- 
forming compounds known by the name of carbonats. pounds, 
It has no affinity for jargonia, according to Klaproth *; * Journ. de 
but, according to Vauquelin, it hasf. /^/ixxxvx. 

Its affinities, as arranged by Bergman, are as follows ^nn ^ 
Barytes, 
Lime, 
Strontites J, 
Potafs, 
Soda, 
Magnefia, 
Alumina, 
Metallic oxides as in fulphuric acid, 
Oxygen gas 
Water, 
Alcohol. 

Sect. XL Of Acetous Acid. 

Acetous acid or vinegar was known many ages be- 
fore the difeovery 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 doubt, 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 Peterlburg has 
difeovered that it may be obtained in a folid cryftalli- 
zed form. Of this curious and inftruiftive procefs we 
{hall tranferibe 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 
poffible, then diftil the remaining unfrozen vinegar in a 
water-bath 5 by which means I at firft efpecially colleft 
the fpirituous ethereal part ; the vinegar, which next 
comes over, I freeze again as much as poffible, 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 j the agreeable odour of which, however, may be 

S s ftiU 
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II Crell's 
'Journal, 
!. 242. Eng. 
Tranfl. 

(1) Count Muffin-Pufchin having boiled a folution of carbonat of potafs on purified phofphorus, obtained 
carbon. This he confidered 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. 

(x) 1 At leaft 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 deleft 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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ft|]l improved by the addition of a proper quantity of the 
ethereal liquor collefted at the beginning of the firfl dif- 
tillation, but which mull be previoufly dephlegmated 
by two or three redifications. 

' “ After the diftiilation 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 laft winter in the month of 
December to a cold equal to —2 2°; in which fituation 
it fhot 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 
Hove, they diflolved into a fluid which was perfedfly as 
limpid as water, had an uncommonly ftrong, highly pun- 
gent, and almoft fufibcating 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 perfeftion, I took all pofiible 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 neceflary for me 
to know in my experiments, by degrees, which I afcer- 
tain in the following manner: vi%. to one drachm of 
vinegar I add, drop by drop, a clear Solution of equal 
parts of carbonat of potafs and water, till all at once a 
cluudinefs 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 cefla- 
tion of eff’ervefcence ; for as the point of faturation 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 effeft, 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 cryftailizing in a great de- 
gree of cold, cryjlallvz,able vinegar ; the cryftals of yine* 
gar, feparated after the cryftallization is completed from 
the remaining fluid portion, I czW. glacial vinegar ; and, 
jaftly, 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 moll 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 cryftailizing in a degree of cold not exceeding 
that in winch water begins to freeze. 

S T R Y. Part II. 
“ I have found that charcoal, on being diftilled with Acetous 

vinegar in a water-bath, pofleffes the lingular and hi- Acid- 
therto unknown property of imbibing a certain quan-' ¥ J 

tity of the acetous acid in a very concentrated ftate, and 
of* retaining it fo ftrongiy, that the acid cannot be fe- 
parated from it again but by the application of a con- 
fiderably 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 fubjedl them to diftillation in a water-bath. 
When no more drops of vinegar come over, put the 
diftilled liquor into two frefti 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 brilk 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 collefted 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 all 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 mutt 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, firfl: 
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 for 
other purpofes, and without feparating any glacial vine- 
gar from it, he mutt 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 
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made to yield 38 ounces of cryftallizable vinegar, from 
which 20 ounces of glacial vinegar may be obtained. 

“ What conftitutes the excellence of this method is, 
that the concentration and purification are effefted 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 reflection, 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 Itate of a gla- 
cial vinegar of the greatell 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 exifts in 
a perfectly dry and dephlegmated ftate. 

“ 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 perfeCt 
dryuefs, 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 lhall be filled with 
thefe vapours. Notwithllanding the moderate heat, the 
vinegar comes over very faft, 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 knowm 
by the name of acetites. 

Its affinities are as follows : 
Barytes, 
Potafs, 
Soda, 
Strontites ? 
Lime, 
Magnefia, 
Ammonia, 
Oxide of zinc, 
——— manganefe, 
    iron, 

 tin, 
 cobalt, 
 copper, 
■ ■ -■■ nickel, 
 arfenic, 
  bifmuth, 
    mercury, 
 antimony, 
 —■ filver, 
 — gold, 
 platinum, 

* Alumina*, 
Jargonia f ? 

I S T R Y, 
Water, 
Alcohol, 
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Sect. XII. Of Acetic Acid. 

If acetite of copper be diftilled, an acid comes over 
of a more pungent fmell than acetous acid, capable of 
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 dole 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 fedtion, 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. XIIL Of Oxalic Acid. 

Sugar, a well-known fubftance extracted 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. _ 

It has been proved that fugar is compofed of oxygen, Compofi- 
carbon, and hydrogen. Lavoifier concluded, from a longtion of fu- 
feries of delicate experiments, that it coniifts of 8 parts &ar* 
of hydrogen, 64 of oxygen, and 28 of carbon. ^ 

From fugar, by a particular procefs, an acid has been Q;(covery 
obtained called oxalic acid, becaufe it exifts ready form of oxalic 
ed, as Scheele has proved, in the oxalis acetofella, ora(dd. 
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 publilhed 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 illuftrious 
chemift*, and Hermftadt and Weftrum affign the dif-* Ehvart't 
covery to the fame author-j-. The affertions of thefe 
gentlemen, who had the beft opportunity of obtaining-^ 
accurate information, are certainly fufficient to eftabliffi ^ 
the faft, that Scheele was the real difeoverer of oxalic p. 54. 
acid. f Keir's 

Bergman gives us the following procefs for obtaining 
this acid. “ Put one ounce of white fugar powdered jyie

4
tj10(} 0f 

into a tubulated retort, wdth 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 reddiih brown colour, add three 
ounces more of nitric acid, and continue the boiling 
till the fumes ceafe, and the colour of the liquor va- 
niflies. Then let the contents of the retort be emp- 
tied into a wide vefiel ; and upon cooling, a cryftalii- 
zation will take place of flender, 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 ji 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, 4-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 refxduum, which has now a gluti- 
nous confidence, with the fuccefiive 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 
feme 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 produ&ions ; and Berthollet from a great num- 
ber of animal fubftances. 

It is of great confequence not to ufe too much nitric 
acid, otherwife the quantity of oxalic acid will be dimi- 
niftied ; 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- 
rous-j*. 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 aft upon each other while cold. When the pro- 
eefs is condufted 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 J. 

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 turnfole *. Accord- 
ing to Morveau, one part of the cryftallized acid is 
fufficient to communicate a fenfible acidity to 2633 
parts of water f. # . 

Its fixity is fuch, that none of it is fubhmed 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 affefts 
difagreeably the nofe and lungs. The refiduum is a 
powder of a much whiter colour than the acid had been. 
By this procefs it lofes T

5Q-ths of its 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 of the whole, 
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which has an empyreumatic fmell, blacktns fulphuric Tartarou*. 
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 fafts, 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 f. The fulphuric acid, whenf Wejlrum. 
concentrated, feems to produce the fame effeft. . Mu- 
riatic and acetous acids diffolve oxalic acid, but without 
altering it _ . X Bergman. 

Oxalic acid is capable of oxidating lead, copper, iron» Its^aion 
tin, bifmuth, nickel, cobalt, zinc, manganefe. on other 

It does not aft upon gold, filver, platinum, mercury, bodies, 
arfenic ? 

Oxalic acid combines with alkalies, alkaline earths, 
and alumina, and metallic oxides, and forms falls known 
by the name of oxalats. 

Its affinities, according to Bergman, are as follows: 
Lime, 
Barytes, 
Strontites$, 
Magnefia, 
Potafs, 
Soda, 
Ammonia, 
Alumina, 
Jargonia || ? 
Metallic oxides as m fulphuric acid. 
Water, 
Alcohol. 

47i . 
Its affini- 
ties. 

§ Dr Hope, 
‘Tranf. Edith 

|j VauqutVm, 
Ann. de 
Chitn. xxii. 
aoS. 

472 Sect. XIV. Cf Tartarous Acid. 

Tartar, or cream cf tartar as it is commonly called Difcovery 
when pure, has occupied the attention of chemifts for of tartaroM- 
feveral centuries. Duhamel and Grofie, and after themaCl 

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 publiffied it in the Stockholm Tranfaftions for 
1770. It conhfted in boiling tartar with lime, and 
in decompofing the tartrite of lime thus formed by 
means of fulphuric acid. > , n. 1 r 4?3 

This acid, bv a gentle evaporation, yields cryftals lo it9 proper- 
irregular in their figure, that every chemift who hastie, 
treated of this fubjeft has given a different defcnptmn a » 
of them. According to Bergman, they generally con-^ ^ 
fill of divaricating lamellae * ; according to Van Pack- Ejj-ent% ^idi 
en, they affume ofteneft the form of long pointed rartan. 
prifms f; Spielman and Corvinus { obtained them in 
groups, fome of them lance-ffiaped, others needle-form-^ Ency^ 
ed, others pyramidal. Morveau obtained them needle- 
form 5. They do not experience any change in the air; Cbim. i, * ' heat 323* 
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Citric heat decompofes them. In the open fire they burn 
Acid, without leavinef any other refiduum than a coal, w hich 

o-enerally contains a little lime *, In clofe veffels, the 
* produtt is carbonic acid and hydrogen gas If the ana r . r .. . ;j j.'AnUJ ^v.^. 
ii. 465 

wards the end of the evaporation. 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 ii 465 proper quantity of nitric acid be diftilled off the cryftals, ,   .. , , . - ~ , 

t Salman [hey are converted into oxalic acid, and the nitric acid, and oxygen ; fulphunc acid caufes the hydrogen and 
and Corvi- &s J|-ual paffeg into the nitrous acid j. Hence it is evi- oxygen to combine and form w ater, and the carbon re- 
*u^ibida dent that tartarous acid alfo, like the four former, is mains behind. It is not certain, however, as Mr Ni- 
InArfy- compofed of oxygen, hydrogen, and carbon; but the 

oreport 10ns are equally unafeertamed. r • •, 1  :  
(rum 

§ Bergman, 
12SO. 
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ties. 

476 r Method or 
obtaining 
aitne acid. 

This acid, when in cryftals, diffolves readily in water. 
Bergman obtained a folution, the fpecific gravity of 
wdiich was 1,230 §. Morveau obferved, however, that 
cryftals formed fpontaneoufly in a folution, the fpecific 
gravity ot which was 1,084. 

It has a very fharp 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 g;iyen 
for oxalic acid; except that, according to Lavoilier, 
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, w'hich render the acid 
impure, and fubjedt 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 

If Stockholm pure acid ||. It was Scheele, however, that firft point- 
'irarf ecj out a method of obtaining this acid perfeftly pure. 
*774- pje faturated lemon-juice with lime, edulcorated the 

precipitate, wdiich conlifted of citric acid and lime, fepa- 
rated the lime from it by diluted fulphuric acid, cleared 
it from the fulphat of lime by repeated filtrations 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: 
Vaccinlum occicoccos, •vaccinium vitis Idata, prunus padus, 

* Scheele, f0lanum dulcamara, rofa canina *, cherries f. 
Crell's An- Scheele advifes the ufe of an excefs of fulphuric acid, 

’iWeftrum. in order to enfure the feparation of all the lime ; but 
according to Dize, this excefs is neceffary for another 
purpofej. A quantity of mucilage ftill adheres to the 
citric acid in its combination with lime, and fulphuric 
acid is neceffary 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 by evaporation, 
it affumed a brown colour, and even became black to- 

^ Scheele's 
lEJfays. 

$ Nichol- 
fon s Jour- 
nal, ii. 43 

mains behind. It is not certain, however, as Mr Ni- 
cholfon remarks very juftly *, that the fulphuric acid ^Nhbclfon, 
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 infufficient 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|^ProPer‘ 
fides 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 "f. 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. f 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 aftion, 
not aft 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 w'ater is 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 tffefted ; and thinks that Scheele had 
probably failed from having ufed too large a quantity of 
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, his produfts wrere 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 produfts of thefe experi- 
ments, efpecially of the laft, he obtained vinegar mixed 
with nitric acid. 

The affinities of this acid are as follows $ : Its aflLi- 
Lime(L), ties. 

$ See Berg, 
man and 
Lavoifer. 
j| Dr Hope, 
Tranf, Edir>. 

Soda/^ 

Barytes, 
Strontites 
Magnefia, 
Potafs, 

(l) Mr De Breffey places barytes before lime. 
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Malic 
Arid. 

* Lavojier. 

f li. 

j Vituquelin, 
jinn de 
Cbim. KXli. 
ao8. 

CHE 
Soda, 
Ammonia, 
Oxide of zinc, 
  manganefe *, 
— iron, 

  — cobalt, 
   — copper, 
 arfenic, 
 mercury, 
 — antimony f, 
   filver, 
—— gold, 
 platinum, 
Alumina 
Jargonia $ ? 
Water, 
Alcohol. 

}] SnveJiJb 
*Tranf. and 
CreW s An- 
nals for 
1^85. 
1 Ibid. 

SE c T. XV1. Of Malic Acid. 
480 

Difcovery Scheele difcovered a peculiar acid in the juices of 
of malic . feveral fruits, which, becaufe it is found moft abundant- 
^48i ly in apples, has been called malic acid. 
Method of He obtained it by the following procefs : Saturate 
obtaining the juice of apples with potafs, and add to the folution 
h. acetite of lead till no more precipitation enfues. Wafh 

the precipitate carefully with a fufficient quantity of 
water ; then pour upon it diluted fulphuric acid till the 
mixture has a perfeftly acid tatte, 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 larleris 
vulgaris, the fambucus nigra, the prunus fpinofa, the for- 
bus aucuparia, and the prunus domejlica 

If nitric acid be diftilled with an equal quantity of 
fugar, till the mixture afiumes a brown colour (which 
is a fign that all the nitric acid has been abftraded 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 frelh al- 
cohol ; then diflblve 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- 
fefies all the properties of malic acid *. This acid, 
therefore, may be obtained from fugar; and it m^y be 
converted into oxalic acid, by diftilling off it the pro- 

f Wcrmjlait,per quantity of nitric acid f. 
Yhyf. Chem. This acid bears a ftrong refemblance to the citric, but 

differs from it in the following particulars : 
1. The citric acid ftioots 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 

M I S T R Y. part If. 
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, fts
48^ 

and alumina, and metallic oxides, and forms falts known 
by the name of malats. 

Its affinities have not yet been afcertained. 

Sect. XVII. Of LaSic 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 laElic acid. In the whey of milk this acid 
is mixed with a little curd, fome phofphat of lime, fugar 
of milk, and mucilage. All thefe muft be feparated 
before the acid can be examined. Scheele accompliftied 
this by the following procefs: 

Evaporate a quantity of four whey to an eighth part, Method 
and then filtrate it: this feparates the cheefy part. Sa-obtaining 
turate the liquid with lime-water, and the phofphat of knShc arid, 
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 confiftence 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 laftic 

* Ibid. 

482 
Its proper- 
ties. 

acid diffolved in water*. * Schetle, 
This acid is incapable of cryftallizing: when zvwpo-Stockholm 

rated to drynefs, it deliquefces again in the airf. Tranf.i’j%oi 
When diftilled, water comes over firft, then a weak ^ llldA 

acid refembling the tartarous, then an empyreumatic oil [ts proper- 
mixed with more of the fame acid, and laftly carbonic ties, 
acid and hydrogen gas—there remains behind a fmall t lh,d- 
quantity of coal J. Combin 

The combinations wffiich this acid forms with alka-tions 
lies, earths, and metallic oxides, are called laElats. 

Its affinities, according to Bergman, are as follows : And affini- 
Barytes, ties. 
Potafs, 
Soda, 
Ammonia, \ 
Lime, 
Magnefia, 
Alumina, 
Jargonia § ? 5 VaujutUn. 
Metallic oxides as in fulphuric acid, Ann' de .. 
Water, Chim.^n. 
Alcohol. 

208. 

Sect. XVIII. Of SaccholaBic Acid. 
488 

Ira quantity of frefti whey of milk be filtrated, and Sugar of 
then evaporated by a gentle fire till it is of the conlift-milk. 
ence of honey, and afterwards allowed to cool, a folid 

mafs 
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Saccholac- niafs is obtained. If this be diffolved in water, clarified 
uc Acid. ^ wjt}ll tj)e w^Jte 0f eggs, filtrated, and evaporated to the 

confiftence of a fyrup, it depofites on cooling a number 
of brilliant, white, cubic cryflals, 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 wifhed to examine whether ,the fugar of milk 
would furnifh the fame produdl. Upon four ounces 
of pure fugar of milk, finely powdered, he poured 12 
ounces of diluted nitric acid, and put the mixture in a 
kr-ge 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 cryflals appeared in the li- 
quor remaining in the retort, after Handing two days 
he 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 on 
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 j- dr. The filtrated fo- 
lution was evaporated to the confiftence of a fyrup, and 
again fubjefted 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 pow’der. 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 J'accholaSic acid. 

According to Scheele, it is foluble in 60 parts of its 
weight of boiling water ; but Meflrs Hermftadt* and 
Morveau -j’ found, that boiling water only diffolved -g^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- 
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Its proper- 
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*Phyf. 
Cbem. 
•j- Encyc. 
Method, i. 
290. 
J Scheele. 

I Morveau,rature of 53’7°> Js. ,»00I5 II* 
did. 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, 

with greater difficulty in water, and burning in the fire Gdhc 
with a flame. There paffes into the receiver a brown li- 
quid, having fome of this fait diffolved in it : There re- 
mains behind a coal *, w'hich Hermftadt found to con- * Siheele, 
tain a fmall quantity of lime. Concentrated lulphuric did. 
acid diftilled on this fait becomes black, frothes, and 
dccompofes 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 w'tha^t

e
e
r
n7
ft

tg
d

to 
fimilar reiults ; but he concluded that the white pow-dlfpro^e i{a 
der which he obtained was nothing elfe than oxalat ofexiftence, 
lime with excefs of acid, as indeed Scheele himfelf did 
at firft. After he became acquainted with Scheele’s 
conclufions, he publilhed a paper in defence of his own 
opinion ; but his proofs are very far from eftabliftiing 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 poffeffes properties diftinft - 
from the oxalic acid ; but he aferibes this difference to 
th.e lime which it contains ; yet all the lime which he 
could difeover in 240 grains of this fait w^as only 20 
grains ; and if the alkali which he employed was a car- 
bonat (as it probably was), thefe 20 mull be reduced 
to 1 r. Now Morveau has ffiewn, that oxalic acid, con- 
taining the fame quantity of lime, exhibits very different 
properties. Befides, this acid, whatever it is when uni- 
ted w-ith 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, 
cholaftic acid muft therefore be confidered as a diftincl . 
acid, as it poffeffes peculiar properties. *' 

Its compounds with alkalies, earths, and metallic1 49-’ 
oxides, are denominatedyi7cr/Wtf/.r. Itscom- 

Its affinities, according to Bergman, are as follows : 
Lime, 
Barytes* 
Magnefia, 
Potafs, 
Soda, 
Ammonia, 
Alumina, 
Jargonia § ? ^ Fauquelini 
Metallic oxides as in fulphuric acid', A"n'de 

Water, 
Alcohol. 

’ Chim. xxii. 
208. 

SECT. XIX. Of Gallic Acid. 
49.3 There is an excrefcence, known by the name of nut-Nut-iraHs. 

gall, 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 fubftituteo 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 decodlion 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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C H E M I 
He obferved, in an Infufion of galls made with cold 

water, a fediment, which proved on examination to 
have a cryltalline form and an acid tafte. By letting 
an infufion of galls remain a long time expofed to the 
air, and removing now and then the mouldy Ikin which 
formed on its furface, a large quantity of this fediment 
was obtained 5 which being edulcorated with cold wa- 
ter, redifiolved in hot water, filtrated, and evaporated very 
flowly, yielded an acid fait in cryftals as fine as fand*. 

There is a ihorter 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 tinfture into a retort, and 
diftil off the ether with a fmall heat. The refiduum 
pofleffes the colour and brittlenefs of a refin, and has 
all the charafters of Rouelle’s refiduous-extraft; it does 
not attract moifture from the atmofphere. Difiblve it 
in its own weight of water, and add fulphuric acid, 
drop by drop, till the liquor has become of a manifeftly 
acid tafte. It caufes a white precipitate, which be- 
comes coloured, and is immediately rediflblved. At the 
end of fome hours a refinous 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 decompoltng muriat of barytes; then filtrate 
it again ; and on evaporation in a moderate heat fmall 
white pnfmatic cryftals of gallic acid are formed on the 
fides of the veffel-j\ 

It appears from the experiments of DeyeuX, that the 
fubftance extracted from nut galls by ether does not dif- 
fer much from the extraft 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 fubftance fu- 
blimes, which cryftallizes in the form of needles : This 
is gallic acid. If the cryftals are impure, they may be 
purified by a fecond fublimation j but the heat muft 
not be too violent, otherwife the cryftals 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 Prouft. When a folution of muriat of tin 
is poured into an iufufion of nut-galls, a copious yellow 
precipitate is inftantly formed, confifting 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 idtration. 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. Sulphuret 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. 
Cryftals of gallic acid are depofited. Thefe are to be 
feparated by filtration, and wafhed with a little cold 
water. The evaporation of the reft of the liquid is to 
be repeated till all the gallic acid is obtained from it[l. 
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The gallic acid thus obtained has a very acid tafte, Gallic 

and reddens vegetable colours. It is foluble in parts A^^ f 
of boiling water, and in 1 2 parts of water at the tem- ^7 
perature of the atmofphere. Alcohol diffolves one-Its proper- 
fourth of its weight of this acid at the temperature of tits, 
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 ftrorigly 
heated, it melts, boils, becomes black, is difllpated, 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 diftilled, 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 ealily accompliihed by diftilling repeatedly a folu- 
tion of gallic acid in water. The produdls are oxygen 
gas, charcoal, and an acid liquor. 498 

From thefe experiments, Mr Deycux, who perform-coinP0fl- 
ed them, has concluded, that gallic acid is compofed oftlon’ 
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 with 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 afeertained. 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 known 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 pro.- 
perty, the infufion of galls is employed to dete& 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 aBenzoin. 
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 
l°ng ago as 1608 by Blaife de Vigenere, in his Trea- 
tife on Fire and Salt, under the name of jlo'ivers 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 



Succinic 
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Schsele’8 procefe, which has been defcribed in the ar- 
ticle Chemistry, Encycl. 

Benzoic acid has little or none of the peculiar odour 
Properties which diftinguilhes benzoin. Its tafte is not acid, but 
of benzoic fweetiih, and very pungent*. It hardly affe&s the in- 
acid. fufxon of violets ; but it reddens that of turnfole, cfpe- 
* eially if that infufion be hot f. Heat volatilizes this 
Zd.'chL 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 contaft with flame, and then it leaves 
no refiduum behind. When thrown upon burning coals, 
it rifes in a white fmoke. When allowed to cool after 
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 

§ Morveaii) -j. ^ 
Cold water diflblves no fenfible quantity of it ; but 

it is foluble enough in hot water: 480 grains of boil- 
ing water diflblve 20 grains of it ; 19 of thefe are de- 
pofited, when the water cools, in long, flender, 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 Nitric acid prefents precifely the fame phe- 
nomena, and alfo the fulphurousand nitrous acids. Nei- 
ther the muriatic, the oxy-muriatic, nor the phofphoric 
acids diflblve it. The acetous, formic, and febacic acids, 
when hot, diflblve it precifely as water does ; but it 
cryflallizes again when thefe acids cool *. 

Alcohol diflblves it copioufly, and lets it fall on the 
addition of water f. 

Little is known refpefting its bafe. 
It combines with alkalies, earths, and metallic oxides, 

nations andancl forms falls known by the name of benzoats. 
affinities. jts aftinit]es> from the experiments of Trommfdorf, 

appear to be as follows: 
White oxide of arfenic, 
Potafs, 
Soda, 
Ammonia, 
Barytes, 
Lime, 
Magnefia, 
Alumina, 
Jargonia £ ? 
Water, 
Alcohol. 

ff Lichten- 
jiem. 

* Id. 

\ Id. 
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Its combi- 

t Vauqut- 
lin, Ann. de 
Cbim. xxii. 
308. 

Sect. XXL Of Succinic Acid. 
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It is obtained by the following proeefs 1 Fill a retort Camphoric 

half way with powdered amber, and cover the powder Aci“• . 
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 inlipid phlegm ; then a weak obtaining 
acid, which, according to Scheele, is the acetous*; then^“‘n‘c 

the fuccinic acid attaches itfelf to the neck of the re- * Bergman'* 
tort ; and if the diftillation be continued, there comes AZo/w on 
over at laft ^ thick brown oil, which has an acid tafte. Scbtfer. 

The fuccinic acid is at firft mixed with a quantity of 
oil. Perhaps the bell method of purifying it is that 
recommended by Pott, to diflblve it in hot water, and 
to put upon the filter a little cotton, previoufly inoif. 
tened with oil of amber ; this fubftance retains moil 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, Alining, and Us proper- 
of a foliated triangular prifmatic form: they have an1*69* 
acid tafte, but are not corrofive : they redden tindlure 
of turnfole, but have little effedl on that of violets. 

They fublime when expofed to a confiderable heat, 
but not at the heat of a water-bath. In a fand bath 
they melt, and then fublime and condenfe in the upper 
part of the veflel ; but the coal which remains fliews 
that they are partly decompofed f. f p0tt. 

One part of this acid diflblves in 96 parts of water at 
the temperature of 50°, according to Spielman^;, in 24 Cbem, 
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 § 
cools. According to Roux, however, it itill retains more«o. 
of the acid than cold water is capable of diflblving||. y Morveau, 

240 grains of boiling alcohol diflblve 177 of this acid; ibid. p. 72. 
but cryftals again fhoot as the folution cools^['. f Wenzel. 

The combinations of this acid are called juccinats. S°5 
Its component parts are ftill 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. 

Combina- 
tions and 
affinities. 

* Fauque* 
lin, Ann de 
Chim. xxii. 
208. 

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 Cbim. iv. 
the furface of water. 179* 

When camphor is fet on fire in contadl 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 o(\LaGrange, 
hydrogen and carbon, at leaft principally. H>id. xxiiL 

T t if^s- 

Amber. Amber is a well-known brown, tranlparent, inflam- 
mable body, pretty hard, 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 a- was the firft who difcovered that it was an acid$. From 
bridged by r c;num the Latin name of amber, this acid has recei- 
Sbav),m. • c r • • -j 
369. ved the appellation or Jucctnic acta. 

Suppi..Voi..I. Parti. 
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Camphoric If one part of camphor and fix parts of pulverifed 

Acid. day be mixed together, by means of alcohol, in a mor- 
mixture made up into balls, and when diy 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 fubftance, 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. 

122,24^ parts of camphor 
produced 45,856 parts of oil 

and 30,571 of carbon. 

Total 76,427 
Lofs 45,821 

Carbonated hydrogen gas and carbonic acid were 
* Ann. de alfo formed. . 
Chim. xx:ii. The oil obtained has the following properties . 
1J3. ]4 liag a (harp caullic tafte, and leaves upon the 

5°; tongue a fenfe of coldnefs. It has an aromatic odour, 
^or '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- 
terilh tafte, which at laft alfo evaporates. 

With alkalies, it forms a foap, which poilelies all the 
chara&ers of foaps made with volatile oils. 

Alcohol diffolves it entirely ; and when water is add- 
ed to the folution it becomes milky, bqt no piecipitate 

f Ibid. 159. is produced f. , 
Thefe properties fhew that this is a volatne oil, and 

confequently it is probable that camphor is compofed 
of volatile oil and carbon. i .. , 

r, i0l • Mr Kofegarten, by diftilling nitric acid oft camphor Camphcnc ^ tJ ^ fucceffively} obtained an acid in cryftalsj, to 

I Kofegar- which the name of camphoric acid has been g‘ven* 
ten,de Cam- His experiments have been repeated by Mr Bouillon 

~ * ▼ t * . i  ^4-Uo fi >4 q nf ram- 
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Suberic 
Acid. 

X XIJ   - X * _ phora, ike, J a Gran„ei He mixed together 122,284 parts of cam 
17 5' phor with 489,136 parts of nitric acid of the fpecific 

gravity 1,45, and diftilled them. Much nitrous and car- 
bonic acid gas were difengaged, and part of the cam- 
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 he repeated till 

$ the-whok camphor was acidified §. The quantity of Cbim.M. camphorJc ac;d obtained amounted 1053,498. Ihe 

rO0 quantity of nitric acid was 2114,538. 
Its proper- ^ Camphoric acid thu* obtained is in fnow-white cry- 
ties- ftals, of the form of parallelopipedons j[. ^ Kofegar- Tbefe cryftals-efflorefce in the air f_ 

TiaGrange. 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 60 , according to La Grange. Boiling water aif- 

* Kofegar~ folves Arth of its weight*. . . . , , 1 
U„. According to Kofegarten, it is mfoluble in alcohol; 

according to La Grange, alcohol diffolves it, and when 
the folution is left in contact with the air of the atmo- I BouiUon f here> the acid cryftallizes. It is not precipitated from 

La Grange, folution in aicoh0l by the addition of water f. _ 

Chim. xxvU. When this acid is placed on ignited coals, it emits a 
40 

denfe aromatic fume, and is entirely diffipated. By a 
gentler heat, it melts, and is fublimed. If it be put 
into a heated porcelain tube, and oxygen gas be paffed Y 

through it, the acid does not undergo any change, but 
is fubiimed. 

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 brilk aromatic fmell ; its tafte becomes 
lefs penetrating, and it is no longer foluble either in 
water or the fulphuric and ijniriatic acids. Heated ni- 
tric acid turns it yellow and diffolves it. Alcohol like- 
wife diffolves it ; and if this folution be left in contact 
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. 510 

It forms combinations with the alkalies, earths, and Its combi- 
metallic oxides, which are called camphorats. affinities11 

Its affinities, as far as afeertained by La Grange, are ‘ ‘ 
as follows * : CWxxvii. 

Lime, ax. 
Potafs, 
Soda, 
Barytes, 
Ammonia, 
Alumina, 
Magnefia. 

Sect. XXIII. Of Suberic Add. 

Cork, a fubftance too well known to require anyj^j^overy 
defeription, is the bark of a tree which bears the fame of fuberie 
name. By means of nitric acid, Brugnatelli converted acid. 
it into an acidf, which has been called t\itfuberic acid,\ Crell's 
from Suber, the Latin name of the cork-tree. Several 
chemifts affirmed that this acid was the oxalic, becaufe1^8?* 
it poffeffed feveral properties in common with it. Thefe 
affertions induced Bouillon la Grange to undertake a fet 
of experiments on luberic acid. Thefe experiments, 
which have been publifhed in the 23d volume of the 
Annales de Chimie, completely eftabliffi the peculiar na- 
ture of fuberic acid, by ihewing 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 ol preparing 
nitric acid of the ipecific gravity 1,261 poured upon ft- 
it, and 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 paffed into the receiver is fo 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 
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Suberic gradually thick. As foon as white vapours, exciting 
Acid. a tickling in the throat, begin to difengage themfelves, 

‘ the veflel is removed from the bath, and the mafs con- 
tinually (lirred till it is almolt cold. 

By this means an orange-coloured mafs is obtained 
of the confidence of honey, of a ilrong and lharp 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 ftill 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 

513 with charcoal powder. 
Its proper- Suberic acid thus obtained is not cryftallizable, but 
ties. when precipitated from potafs by an acid, it affumes the 

form of a powder; when obtained by evaporation it 
forms thin irregular pellicles. 

Its tafte is acid and (lightly bitter; and when diffol- 
ved in a fmall quantity of boiling water it afts 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 70° diffolves 
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only , part of its weight of fuberic acid, and if the acid. 

acid be very pure, only Part : boiling water, on 
the contrary, diffolves half its weight of it. 

When expofed to tf.c air, it attrafts moifture, efpe- 
cially if it be impure. 

When expofed to the light of day, it becomes at laft 
brown ; and this effect 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 (lopped 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 firft melts, then becomes pulverulent, and at 
lad 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). sx4 

It has no adtion either on- platinum, gold, or nickel; Its adion 
but it oxidates filver, mercury, copper, lead, tin, 'ron» 
bifmuth, arfenic, cobalt, zinc, antimony, manganefe, and °° e 

molybdenum. 
With alkalies, earths, and metallic oxides, it forms 

compounds known by the name of fuberats. 
Its affinities are as follows (qJ : itsSmties. 

T t 2 Barytes, 

(n) When this fubdance 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 confidence 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 
whitiffi magma. When this magma is feparated by filtration, and waffied and dried, a white tadelefs powder is 
obtained, mixed with ligneous threads, foluble in acids and alkalies. 

(o) An acid which (hall be afterwards defcribed. 
(p) Owing perhaps to the prefence of a little iron in the fulphat. 
(qJ 1 he place which the fuberic acid occupies in the affinities of the alkalies, earths, and metallic oxides, as 

far as this fubjed has been invedigated 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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Laccic 
Acid. 

* Ann. c!e 
Chim. xxiii. 
4». 
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of white 
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Barytes, 
Potafs, 
Soda, 
Lime, 
Ammonia, 
Magnefia, 
Alumina *. 

Mr Bouillon La Grange, to whom we are indebted 
for all the fa£ts relative to this acid, fuppofes that it is 
compofed of oxygen, hydrogen, and carbon : but Mr 
Jamefon, in confequence of the refult of a feries of ex- 
periments which he made on charcoal, has been led to 
fufpe& that it confifts entirely of carbon and oxygen. 
He found, that by the a&ion of nitric acid upon char- 
coal, a brown, bitter, deliquefeent 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 a£tion of 
the acid. When the nitric acid ufed was concentrated, 
and confiderable in quantity, part of the charcoal was 
converted into an acid, which poflefied the chara&ers 
of the fuberic f. 

Thefe fads are curious, and may extend our know- 
ledge of the nature of vegetable acids, but they are in- 
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 inllance, when expofed 
to the light. Mr Jamefon has obferved, that the acid 
which exifts ready formed in peat pofiefles the proper- 
ties of fuberic acid. 

Sect. XXIV. Of Laccic Acid. 

About the year 1786, Dr Anderfon of Madras men- 
tioned, in a letter to the governor and council of that 
place, that nefts of infeds, refembling fmall cowry Ihells, 
had been brought to him from the woods by the na- 
tives, who eat them with avidity. Thefe fuppofed nefts 
he foon afterwards difeovered to 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 itfelf by fome means or other with 
a fmall quantity of honey, refembling that produced by 
our bees ; 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 fent into Europe in 1789, 
both in its natural ftate and melted into cakes ; and in 
1793 Dr Pearfon, at the requeft of Sir Jofeph Banks, 
undertook a chemical examination of its qualities, and 
his experiments were publifhed in the Philofophical 
Tranfadlions for 1794. 51g 

A piece of white lac, from 3 to 15 grains in weight, its anaiyfifc 
is probably produced by each infeft. 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 
has given the name of laccic acid*. m Pearfon * 

It poffeffes the following properties : JtTche^at 
It turns paper ftained with turnfole to a red colour. 2Vew«Wa- 
After being filtered, it has a (lightly faltifn tafte with 

bitternefs, but is not at all four. p 519 • 
When heated, it fmells precifely like newly baken hotJJ'jP^6* 

bread. _ acid. 
On (landing, it grows fomewhat turbid, and depo- 

fites a fmall quantity of fediment. 
Its fpecifie gravity at the temperature of 6o° i^ 

1,025. . . 
A little of it having been evaporated till it grew very 

turbid, afforded on (landing fmall needle-lhaped 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 fall : 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 yellowilh. A (bred 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 (r). 

Oxide of Iron. Oxide of Bismuth. Oxide of Arsenic. 

*# * #■*# 
Sulphuric, Muriatic,- Nitric acid, 
Suberic. Suberic. Suberic. 
Cobalt and Zinc the fame with arfenic. „ 

^r) The Chinefe colledi a kind of wax, which they call pe-la^ from a coccus, depofited for the purpofe 0 
breeding on feveral (hrubs, and manage it exaftly as the Mexicans manage the cochineal infeeff. It was t e 
knowledge of this that induced Dr Anderfon to attempt to propagate his infect. 

(s) The fame liquid appears on preffing the crude lac between the fingers j and we are told, that when new y 
gathered it is replete with juice. 

(t) A proof that the acid was not the prufiic. 
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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 bittenih. 

Another too 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 tailed bittenfh, 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 turbidnefs in nitrat and muriat of barytes. 

To five hundred grains of the reddiih-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 
Handing 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 Handing there were clouds juft perceptible.. 

Sulphuret of lime occafioned a white precipitation, 
but no fulphurated hydrogen gas was perceptible by the 
fmell. 

Tin&ure of galls produced a green precipitation. 
Sulphat of iron produced a purplifh colour, but no 

precipitation ; nor was any precipitate formed by the 
addition firft of a little vinegar, and then of a little pot- 
afs, to the mixture. 

Acetite of lead occafioned a reddifh precipitation, 
which rediffolved 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 being con- 

verted into vapour at the temperature of 200°, diftin- pyn'Jn!i 
guifh it Horn all the acids hitherto examined *. .CCiU8_' C‘ i 

Sect. XXV. Of Pyromucms Acid. 
v 

* Phil. 
1794, 

Pyromucous (v) acid is procured by diftilling fugarp.383* 
or any of the fweet juices. As they foam very much, 0£ 
the retort fhould be large, and feven-eighths of it empty. 0i,taining 
A prodigious quantity of carbonic acid and carbonatedpyromu- 
hydrogen gas is difengaged : A very thin light coal re-cousacid. 
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. There 
were 428 grains of a brown liquor in the receiver, con- 
fining moftly of an acid phlegm. This rediftilled gave 
31! 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 inftance, and decompoling the compound by 
a ftronger acid, as, for example, the fulphuric. . S%1 

It has a very (harp tafte. When expofed to heat in it, pr0p(;r» 
open veffels, it evaporates, leaving a brown ipot. Dif-ties, 
tilled in clofe veffels, it leaves charcoal behind it. 

It does not diliolve gold as Schrickel and Lemery 
and feveral other chemifts affirmed. 

It does not attack filver nor mercury, nor evffn their 
oxidesf. It corrodes lead, and forms ftyptic and longf Sthriciel, 
cryftals. Copper forms with it a green folution : With 
iron it forms green cryftals; with antimony and zinc 
greenilh folutions. _ 52* 

The compounds which it forms are called pyromucites.Comb'ma- 
Its affinities, according to Morveau, are as follows : 

Potafs, 
Soda, 
Barytes, 
Lime, 
Magnefia, 
Ammonia,, 
Alumina, 
Jargonia £. } Vauqudin^ 
Metallic oxides as in fulph. acid, dnn. de ^ 
Water, a^.xxii. 
Alcohol. 

Sect. XXVI. Of Pyro-lignous Acid. 
5 *3 

It is well known that the fmoke of burning wood is Method o£ 
exceedingly offenfive to the eyes: And chemifts have obtaining 
Wago obferved, that an acid might be obtained byPy1,0'1’?" ,..0 , 0 ' nous aaa,, diltilling wood. 

It is to Mr Goettling, however, and to the Dijon 
academicians, who repeated his experiment, that we dre 
indebted for what knowdedge we poflfefs 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 wffiat 
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, 

(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 poufs diffolves it again. 

(v) Morveau called this acid fyrupous acid. 
(w) Goettling called it ligneous acid. 
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Pyro-li^- allowed to remain at reft for three months, and then fe- 
nous Acid. paratej froJT1 ^ a quantity of oil which had rifen to the 

top. Bv diftilling this liquor again, and then fatura- 
ting it with petal's, and evaporating to drynefs, he ob- 
tained a brown faline mals ; which, by being rediflbl- 
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 redfified by a fecond 
diftillation, was of the fpecific gravity 1,02083. 

It reddens vegetable colours: when expofed to a 
nations^and ftron£ heat, lt takeS firC anci is deftroyed. It unites 
affinities. very 'veh with alcohol. 

Its compounds are called pyro-ligmtes. 
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. 

* Cr'll's 
’Journal, 
*779- 

5*4 
Its proper- 
ties, combi- 

iron, 
lead, 
tin, 
cobalt, 

• copper, 
nickel, 
arfenic, 
bifmuth, 
mercury, 

■ antimony, 
filver, 

d Vauquc- 
lin, Ann. de 
Chim. xxil. 
aoS. 

5*5 . 
Properties 
of pyro-tar- 
tarous acid. 

 gold, 
 platinum, 

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 turnfole ; but has no effedt 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 conjedtures 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- 
trites. 

Its affinities are unknown. Morveau fuppofes that 
they are the fame with thofe of the pyro-lignous acid. 

5as 
Vegetable The 18 preceding acids are all (except the ladfic 
-acids, and faccholadtic) denominated vegetable acidsy becaufe 
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they are obtained from vegetable fubftances. We have Vegetable 
placed the ladtic and faccholadlic acids in the fame clafs; ■^cid8* 
becaufe they bear a ftrong refemblance to vegetable 
acids, and becaufe they are evidently compofed of the 
lame ingredients with them. 

Vegetable acids are diftinguifhed from all the acids 
deferibed in the beginning of this chapter, by their de- by fire, 
ftru&ibility by fire. 52g 

There is no circumftance in chemiftry which has at Comert- 
tradled greater attention than the poffibility of convert-ible int0 

ing the various vegetable acids into each other by means each utlier* 
of different proceffes. To explain what paffes during 
thefe proceffes, it would be neceffary to know exactly 
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 vaft 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, by-t0 tbe rro“ 
drogen, and carbon; but that the proportions differ in^^””30 

every individual acid. We fay chiefly, becaufe it hasjientg. 
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 af- 
certained with tolerable accuracy ; it confifts of about 
28 parts of carbon and 72 of oxygen. 

2. By diftilling 7680 grains of acetite of potafs, Dr 
Higgens obtained the following produfts * : * Higgent on 

Potafs, ...... 3862,994 grains. ■/lcei°us 

Carbonic acid gas, - - 1473,564 
Carbonated hydrogen gas, - 1047,6018 
Refiduum, confifting of carbon, - 78,0000 
Oil, 180,0000 
Water, .... 340,0000 
Deficiency (x), ... 726,9402 
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 1 56 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- 

Acids. pofed of 1944,966 — 29,1 = 1915,866 grains of 
Xm~~v  oxygen, 532,4584 grains of hydrogen, and 1368,6816 

grains of carbon.. Confequently 100 parts of acetous 
acid are compofed of 

50,19 oxygen, 
I3>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 afeertain the proportions of the ingredients which 
compofe acetous acid ; and therefore his experiments 
were not conduced 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 

# Hermjladt, acid, a quantity of water is formed* ; and it is certain 
Crell's An- that oxygen is abforbed. It follows from this that 
m/j, 17S6. acetous acid contains more carbon and lefs hydrogen 

than alcohol. Now we have reafon, from Lavoifier’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 

bafe 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 diftuled with fix times its 
weight of fulphuric acid, the products 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 
it is compofed of the fame ingredients. It has been 
fuppofed that oxalic acid is cornpofed of fugar and oxy- 
gen. Now fugar, according to Lavoifier, is compofed 
of 

Hydrogen, - - - - 8 
Oxygen, - - 64 
Carbon, - 28 

Thefe proportions are rather unfavourable to that 
notion ; at lealt if any dependence can be put in the 
compofition of acetous acid as deduced from the expe- 
riments of Dr Higgens. 

5. Hermftadt diffolved four ounces of tartarous acid 
in 16 ounces of water, and kept the folution in a veffel 
covered with paper in a warm place. In 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 taitarous 
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 diftilled 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- 

$ Crell, 
Jour, de 
i'hf- 1785. 

1 S T R Y. 335 
ing proved. According to Haffenfratz, tartarous acid 
contains a confiderable quantity of azot. . _ , ‘ t 

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 *, * <SV«W. 
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 Scheele. 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 diftinguiftiing 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 Hate. 

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 of 
the benzoic and fuccinic acids. Hermftadt fays he 
converted benzoic acid to oxalic by means oi 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 conjedured by Linnaeus. 

Sect. XXVIII. Of Prujic AciJ:'- 
533' 

About the beginning of the prefent century, Dief-Difcov?ry" 
bach, a chemift of Berlin, wifhing to precipitate a folu-°f Pru^taB” 
tion of cochineal mixed with a little alum and fulphatblue' 
of iron, borrowed from Dippel fome potafs, from w hich 
that chemift had dijlilled feveral times his animal oil. 
On pouring in the potafs, Dielbach was furprifed to fee, 
inftead of the red precipitate which he had expeded, a 
beautiful blue powder falling to the bottom of the veffel. 
By refleding 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 500 Exfs. 
announced iff the Berlin Memoirs-for 1710; but the rmicnU. 
proeefs was concealed, becaufe it had become a lucra- 
tive article of commerce. A method of preparing it, „ 
however, was publifhed by Woodward in the Philofo- 
phical Tranfadions for 1724, which he faid 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 j then add 4 ounces of dried bullock’s blood, mix 

the- 
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the ingredients well together, and put them into a cm* 
cible covered with a lid, in which there is a fmall 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 Hate 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 
wa{h 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 fucceffion, that a great 
many other animal fubffances befides blood communica- 
ted to alkalies the property of forming Pruffian blue. 
Macquer undertook an examination of this fubltance, 
and publiffied the refult of his experiments in the Me- 

j3» moirs of the French Academy for 1752. 
Its compo He obferved that, when alkali is added to a folu- 
fition difco-t;on Df jron jn any acH, the iron is precipitated of a 

Matfuer yellow colour, and foluble in acids ; but if iron be pre- uC<1Ut ' cipitated from an acid by an alkali prepared as above 
deferibed, by calcination with blood (which has been 
called a Prujfmn alkali), it is of a green colour. Acids 
diffolve only a part of this precipitate, and leave behind 
an in foluble powder which is of an intenfe blue colour. 
The green precipitate therefore is compofed of two dif- 
ferent fubftances, one of which is Pruffian ulue ; the 
other, as he afeertained by experiment, is the 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 mfoluble precipitate, its blue co- 
lour is deftroyed, and it becomes exaftly 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, fomething 
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 fhall 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- 

I S T R Y. Pan 11. 
louring matter (for the alkali is never faturated with it) Pruflic 
to faturate all the iron difplaced by the alkali; a part of ( 
it therefore is mixed with Pruffian blue. Muriatic acid 

Acid. 

diffolves this oxide, carries it off, and leaves the blue in 
a Hate 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 chemiftry. 

The nature of the colouring matter, however, was ft ill 
unknown. Macquer himfelf fuppofed that it was pure 
phlogifton ; but the opinion was untenable. Pie had 
{hewn that it poffeffed the property of forming neutral 
falts, and therefore Bergman and Morveau fufpe&cd 
that it was an acid. 

Scheele undertook the talk 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 mull therefore 
have left it. ^ 

He put a fmall quantity of it into a large glafs globe,Decomp0. 
corked it up, and kept it fome time ; but no changefed by 
was produced either in the air or the Pruffian alkali.Schcele» 
Something muff 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 difplaces 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 coloor- 
fe&. The colouring matter then may be obtained Per-[ng

a
n^er 

haps in a feparate flate. He accordingly made a num- eI)ara e * 
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 waftied 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. rLhe 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, in 
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 * BerilMett 
matter is unable to feparate the iron from the acid . Ann de 

He then diftilled in a gentle heat; the colouring mat- cbimie, i, 
ter 30. 
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Its compo- 
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Pruffic ter came over by the time that onc-fourth of the liquor 

had pafied into the receiver. It was mixed, however, 
with a fmall quantity of fulphuric acidj from which he' 
feparated it by diftilling 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 ilronger affi- 
nity for lime than it has. Thus he obtained the colour- 
ing matter in a Hate of purity. 

It remained now to difcover its component parts. He 
nent parts, formed a very pure Pruffian blue, which he diftilled, 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 confifted 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 pounded 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 puffied 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 pofl’efled all the properties of the Pruffian 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 quettion, 
Whether ammonia entered into the compofition of this 
fubitance, or merely its ingredients ? Whether it was 
compofed of ammonia and carbon, or of azot, hydro- 
gen, and carbon combined in a different manner ? 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 mutt 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 decomgofed, 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 affittance 
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 Bertholht, y 
r tt TT>*T * 
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to Arm . de 
Cb'wt. xi. 
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The colouring matter, then, which we fliall hence- 

forth call the Prujfic acid) is compofed of azot, hydro- 
gen, arid carbon; but the proportions of thefe ingredients 
have no- 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 falls with 
the fame bafes as other acids. 

The Pruffic acid is exceedingly volatile, and evident-p,.0
:perties 

ly capable of exifting in a gafeous ftate. It has a pecu- f Prulfic 
liar odour, not difagrecable, and which has been com-aci<b 
pared to the flowers of the peach. It has a fweetilh 
and fomewhat hot tafte, and excites cough*. * Schecle. 

It has no affinity for alumina nor for alcohol f. ^ Morvetn 
This fubftance differs exceedingly in its a£lion from 

all other acids. 
It is capable of combining, like them, with earths, [ts‘^on 

alkalies, and metallic oxides, and of forming compounds on other 
which have been denominated PruJJiats. But it enters^odies. 
much more readily is 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 calily than from metallic oxides. Mere expofure to 
the light of the fun, or to a heat of i ic°, is fufficient 
for that purpofe. 

Its affinities are fuppofed to be as follows: 538 
Potafs, Its affini- 
Soda, t‘es‘ 
Ammonia, ' 
Lime, 
Barytes, 
Magnefia, 
Oxide of zinc, - 1 

 iron, 
  manganefe, 
 cobalt, 
 nickel, 
 lead, 
 tin, 
 copper, 
—— bifmuth, 
—— antimony, 
 arfenic, 
 filver, 
  mercury, 
 gold, 
 platinum (y). 

Sect. XXIX. Of Formic Acid. 

In the 15th century feveral botanifts obferved, with .*39 
aftoniftiment, that the flower of fuccory, when thrown ^1^°Very 

into an ant hill, became as red as blood : But it waiacidT11^ 
Mr S Fifher who firft difcovered that ants poffeffed a 
peculiar acid, which he obtained by diftilling thefe ani- 
mals. His experiments were publiflied in the Philofophi- 
cal Tran factions for 1670. Though Hoffman afterwards 

U u repeated 

(y) We fufpea 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 conje&ure will appear afterwards. See Part III. chap. ii. 
fed. 23. of this article.  1 * * 
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Formic 
Acid. 

repeated his procefs, little was known concerning the 
nature of this acid till Margraf undertook its examtna* 

 v tion, and publiflted his 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 moil 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 turnfole, it changes the. colour of it to a moil 
lively red: they even fometimes ilain it merely by crawl- 

eao over *t* . . • 1 
Methods of There are two methods of obtaining the formic acid, 
obtaining diftfllaticn and lixiviation. 
it- When the firil method is to be employed, the ants 

are to be waihed clean, dried with a gentle heat, put in- 
to a retort, and diililled 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 paffing it through a ilrainer previoufly moiitened 
with water. By this procefs Meflrs Ardviflbn and 
Oehrn obtained from a pound oi ants 74 ounces of acid, 
the fpecific gravity of which, at the temperature of 6o°, 

* DifFert. on was 1,0075 *. Morveau obtained from 49 ounce-s of 
tie Ac'idof ants 23 ounces of pretty llrong acidf. Margraf added 
Ants, ijn, a quantity of water; but it is evident that this lerves 

merely to weaken the acid. 
When the other method is preferred, the ants are to 

be wafhed in cold water, put upon a clean linen cloth, 
and boiling water poured on them repeatedly till it can 
extradl no more acid. The linen is then to be fqueezed, 
and the feveral liquors mixed and filtrated. 1 his me- 
thod was firfl ufed by Ardviflbn and Oehrn : 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 Hill manifefts its prefence by its fmell, but this imell 
vanifhes if the acid be expofed for fome time to the air; 
a quantity of effential oil, however, ftill remains, which 
cannot be feparated. The fpecific gravity of the acid 

$ Ardviffon thus rebtified is 1,0011 _ , , Tt /r j 
and Oebrn, Hermftadt employed a third method. He expreiied 
ibiJ‘ the mice of dry ants, and by this means obtained from 

2 lbs. of thefe animals 21 oz. 2 dr. of juice, which on 
diftillation yielded a clear pure acid, equahn flrength to 
very concentrated vinegar $. . r 

This acid feems to be capable of aflummg a gaieous 
r<IT form ; at leaft Hermftadt obferved, that when he put 

Its proper- fome of it into a bottle with a glafs ftopper, the ftop- 
' per was frequently railed by an elaftic fluid 1J'akl"S 

its efcape, and that after fome days it had loft its fmell |). 
When this acid is boiled with nitric acid, a gas is extn- 
cated, which renders lime-water turbid, and has a very 

Sehacic 
Acid. 

CHEMISTRY. Tart II. 
It unites readily with the other acids. When boiled 

with fulphuric acid, it becomes black. White acrid va- ( 
pours rife when the mixture becomes hot; and when it 
boils, a gas nfes which unites with difficulty to water 
and lime-water; the formic acid is again obtained, but 
its quantity is diminiftied *. * Ibid, 

Nitric acid decompofes it altogether, and is itfelf 
converted into nitrous acid. Muriatic acid does not al- 
ter it. Oxy-muriatic afts like nitric acid f. \ Ibid. 

in Baldin- 
ger’s Hew 
DAagazine 
for Arts. 

-j- Encyc. 
Method, i. 
61. 

§ Crsll's 
Annals, 
1784. 

541 
s pi 

ties. 
1| Ibid. 

Its compounds are called formiats. SW 
Its affinities are the fame with thofe given above for 

the Pruffic acid. affinities. 

543 

3wrA,^”,PUThis acid has^a ftrong but not unpleafant fmell, a cauf- 
tic tafte, and when much diluted a pleafant acidity^ W hen 

* 7/.. moft 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 
pafts of water, it reddens paper coloured with turnfole; 
mixed with 1300 parts of water, it produces no effe6l 

4 Morveau, on the infufion of turnfole f. It mixes readily with al- 
p.cia. cohol. 

Sect. XXX. Of Sebacic Acid. 

Chemists had long fufpe£led that an acid could be Difcovery 
obtained from tallow, on account of the acrid nature of oi febacic 
the fumes which it emitted at a high temperature ; but acid- 
it was M. Grutzmacher who firft demonftrated this acid 
in a diflertation De OJfium Medulla, publifhed in 174SJ:. t Leonhard), 
Mr Rhodes mentioned it in 1753, and Segner publifhed 
a diflertation on it in 1 754, and Crell examined its pro- 
perties very fully in two diflertations publifhed in the 
Phil. Tranf. for 1780 and 1782. It was called at firft 
acid offal, 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 pafles over on the application of heat. ^ 

Sebacic acid has an acid, fharp, bitterifh tafte, and a fts proper- 
very pungent fmell. It reddens timfture of litmus. lies, 

Heat caufes it to aflume a yellow colour. 
It oxidates filver, mercury, copper, iron, lead, tin, 

zinc, antimony, manganefe. 
It does not aft upon bifmuth, cobalt, nickel. When 

mixed with nitric acid it difiblves gold. 
Its compounds are called febats. _ 545 
Its affinities, according to Morveau, are as follows 

Barytes, 
Fotafs, 
Soda, 
Lime, 
Magnefia, 
Ammonia, 
Alumina, 
Jargonia §, 
Oxide of zinc, 
 manganefe,. 
—    iron, 
  lead, 
—    tin, 
   — cobalt, 
 copper, 
  nickel, 
 —— arfenic, 
__  bifmuth. 

Compounds 
and affini- 
ties. 

j Vavque- 
lin,'Ann. de 
dim. XXiL 
ao8. 

 mercury, 
   antimony, 
— filver. 

Sect. XXXI. Of Bomlyc Acid. 

Mr Boissier de Sauvages obferved, that the juu* Dipc^er7 
nf the filkworm. in the difeafe called in France 0f bombye 

was acid ; and Chauffier remarked, that the filk-acid, 
v’orm, after being converted into a butterfly, gives out 
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Zconic a liquor which turns vegetable blues to a red. He found, 

A':icl- that during the time that the animal was forming its 
* cocon, the acid was depolited in a refervoir near the a- 

nus. By means 'of a pair of fciflars he colle&ed fome 
which reddened blue paper, united with alkalies wdth 
effervefcence, and even attacked the fciffars. He after- 
wards collected it by infufing the chryfalids in alcohol, 
which diffolved the acid, but left the impurities un- 
touched. 

This acid has never been examined wu’th attention ; 
fo that almoft all its properties are unknown. 

33 9 
Arfenic 

Acid. 

54? 
Sect. XXXII. Of Zoonic Acid. 

iMethod of Mr. Berthollet has obtained a peculiar acid by di- 
obtaining vegetable and animal fubftances, to which he has 
-.oomc a- g-

[ven n;ime 0f the ■zoonic acid*. He procured it by 

* Ann. de diddling the gluten of wheat, the yelt of beer, bones, 
Chim. xxvi. and w'oollen rags ; and concludes, therefore, that it may 

be produced by the difti.llation of all animal fubftances. 
To obtain this acid pure, he mixed lime with the di- 

ddled liquid, after having feparated the oil, which it 
always contains (for the produft of the diftdlation of 
animal fubftances is chiefly oil and carbonat of ammo- 
nia.) He boiled this mixture till the carbonat of am- 
monia wras exhaled : he then fdtered it, added a little 
more lime, and boiled it again till the fmell 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 be diffolved in the liquid without being com- 
bined wi h the zoonic acid. 

After concentrating the zoonat of lime, he mixed it 
with phcfphoric 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 ftate of purity. 
If- propei- The zoonic acid has an odour like that of meat when 

frying, and it is atftually formed during that procefs. 
It has an auftere tafte. 

It gives a red colounto 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 

adtion 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- 
iions he draws from a very ingenious theory of his, 
which has been already defcribed in the article Bleach- 

fBerthollet> ING in this Supplement^.. 
Am. de The five preceding acids have obtained the name of 
Chim. xxvi. animal adds, becaufe they are all obtained from the ani- 

Anhnal ma^ 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 difcovered by Scheele, 
may be produced by funply mixing the white oxide of 

S T R Y. 
arfenic with oxy-muriatic acid, and applying a heat 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 
acid, and the muriatic acid is eafily fublimed by apply- ^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 toItSpropcr„ 
the air it attracts humidity, and at laft becomes li-ties. 
quid. At the temperature of 6o° it diffolves in two- 
thirds of its weight of water. Its folution may be eva- 
porated to drynefs, and even converted into a glafs, 
which attra&s moifture from the air, and afts power- 
fully on the crucible. 

It is poifonous as well as the white oxide of arfe- 
nic *. 

When expofed to a red heat, it is partly decompofed 
and converted into white oxide of arfenic f. 

It does not adt upon gold, platinum, filver, mer- 
cury. 

It oxidates copper, iron, lead, tin, zinc, bifmuth, 
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 ot 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, 

* Scheele. 

\ld. 

552 
Its com- 
pounds and 
affinities. 

Alumina, 
Jargonia ^ ? 
W ater. 

iron, 
lead, 
tin, 
cobalt, 
copper, 
nickel, 
bifmuth, 
mercury, 
antimony, 
filver, 
gold, 
platinum, 

I l'augtlelini 
Ann. de 
Chim. xxii. 
208. Sect. XXXIV, Of Tungstic Acid. 

Tungstic acid, or oxide of tungften, was firft dif-pro
55

e
3
rtjes 

covered by Scheele; but the acid which he examined0ftung(Uc 
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 

U u a foluble 
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Molybdic folublc by being partly combined with ammonia. It is 

Add. 0f a beautiful yellow colour, which becomes blue when 
l" » 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 

+ Renman. iron, the liquor becomes blue*. I reated 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 diredted to it, as happens to manganefe. . Probably 
this blue fubftance is an oxide of tungften with a (mai- 
ler quantity of oxygen. 

Its compounds are called tungstats. 
Its affinities are as follows f : 

Lime, 
Barytes, 
Magnefia, 
Potafs, 
Soda, 
Ammonia, 
Alumina, 
Jargonia J ? 

Sect. XXXV. Of Molybdic Acid. 

Part II. 
Chromic 

Add. 
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Its com- 
pounds and 
aftir.ities. 
f Luyarts. 

| Vauquelin, 
Ann. de 
Chim. xxii. 
ac8. 

555 a.is Concrete molybdic acid, firft difcovered by Scheele, 
Properties js white, and has an acid but metallic tafte. Its fpecific 
cf molyb 
die aciii. 
£ Bergmt 

S T R Y. 

Sect. XXXVI. Of Cbromic Acid. 
In the year 1770, Mr Pallas difcovered in the gold 

mine of Berefof, near Ekaterimbourg in Siberia, a mi- Anafyfis of 
neral of a red colour, with a {hade of yellow, cryftallized the red lead 
in fmall acute angled quadrangular prifms, fometimesof Siberia, 
fmootfi, fometimes longitudinally ftreaked, and often 
hollow. Mr Macquart, profefibr of medicine at Paris, 
who in 1783 had been fent to the north by the French 
government in order to colledi mineralogical informa- 
tion, brought with him a quantity of this mineral, which 
has been diftinguiffied by the name of red lead ore of Si- 
beria, and in lySqanalyfed four ounces of it along with 
Mr Vauquelin. They found it to contain, 

Lead - - 36^ 
Oxygen - . $7^ 
Iron - - 241- 
Alumina - - 2 

and a little ffiver *. */*'”* * 
Mr Bindheim of Mofcow analyfed it foon after, and u 

found it to contain, 

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 affeft it, but fulphu- 
ric and muriatic acids diffolve it by the affiftance of 

heit' may be prepared by treating the ore of molybde- 
num with nitric acid, and waffiing the acid when form- 
ed in water. # . r 

When combined with potafs, it forms a colourlets 
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. _ r , . 

With the folution of nitrat of lead it xorms a white 
precipitate, foluble 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 greeniffi 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 blmffi co- 

'Paper dipt in this acid becomes in the fun of a beau- 
fl F<zj/y«ir/j'«,tiful blue colour (I. 
Pbilofopbical Sulphur is capable of partly decompofing it by heat. 
JieLigaziney compounds are called molybdate. 

Its affinities are unknown. 

Lead 
Molybdic acid 
Nickel 
Oxide of iron 
Air and water 
Silica 

60 
11,66 
5,66 
1 
5 
4>5 

87,82 

. 3S2. 

and a little copper and cobalt f. t Berl. 
Vauquelin examined it again in 1797, and founds lV> 

that all the former analyfes were inaccurate. 2(^II‘ 
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, ill, that when thefe matters began to aft 
upon each other there was produced a ftrong effeivef- 
cence, which continued a long time ; 2d, that the o- 
range colour of the lead became a brick red ; 3^) that 
at a certain period the whole matter feemed to diiTolve , 
4th, that in proportion as the effervefeenee advanced 
the matter reappeared under the form of a granulated 
powder of a dirty yellow colour ; yth* that the liquor 
affumed a beautiful golden yellow colour. W hen the 
effervefcence had entirely fubfided, and appeared to have 
no longer any action on the fubftances, the liquor was 
filtered, and the metallic dull collected on the paper. 
After being waffied and dried, it weighed no more than 
78 parts: the potafs,therefore,had taken from itzzparts. 

He poured upon the 78 parts juft mentioned lome 
of the nitric acid, dilated in 12 parts of water, which 
produced a brifle 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 lefiduum 
was feparated by the help of a fyphon, the matter waffi- 
ed feveral times, and the wafhings united with the firft 
liquor. This refiduum, dried, weighed no more than 
14 parts : from which it follows, that the nitric acid 
had diffolved 64. _ 

He again mixed thefe 14 parts with 42 parts of the 
carbonat of potafs and the neceffary quantity of water, aqd 
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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 ftill 
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 iolution 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, diffolved 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 firfl af- 
fumed a brown colour, which afterwards became green- 
ifh. 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-eight 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 too 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'36,4. 

Chromic acid cryftallizes in the form of elongated 
prifms of a ruby colour. 

When rnix6d 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 affumes 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 affumes a blackilh 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 alTumes a green colour, and the fiL- 
ver appears in globules dilfeminated throughout its fub* 
fiance. 

With nitrat of copper, it gives a chefnut red precipi- 
tate. 

With the folutions of fulphat of zinc, muriat of bif- 
muth, muriat of antimony, nitrat of nickel, and muriat 
of platinum, it produces yellowifn precipitates when 
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thefe folutions do not contain excefs of acid. With Ch^°™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 ^flumes in the 

light a greenifh colour. 
When mixed with muriatic acid, the mixture was 

capable of diffolving gold like aqua regia ; when this 
mixture of the two acids is diftilled, oxy-muriatic acid 
is difengaged, and the liquor aifumes a very beautiful 
green colour. 

Sulphuric acid, while cold, produces no effeft upon it; 
but when warmed, it makes it aflume 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 chromum. 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 difeovered. Vauquelin is the only 
chemift who has examined it; and from his memoir the 
above account has been taken *. Je 

Cbim. XXV, 

The four lafl deferibed acids are called metallic acids, philofophical 
becaufe they are compofed of metals and oxygen. Magazine, 

It is believed that moft of the metals, we would ra-1-^79- and 
ther fay of the metallic oxides, are capable of being^ 
converted into acids by being combined with oxygen. Metallic 
It is certain that this is the cafe with platinum ; and acids. 
Hermftadt, by diftilling nitric acid off tin, converted 
it into a white mafs, foluble in three parts of water, 
which has been called Jlannic acid\. Several more off * 
the metallic oxides aft the part of acids : But no com- Chim. iv. 
plete fet of experiments on this important fubjeft has l62’ 
yet appeared. 

Chap. VI. Of Affinitt. 
560 

The meaning of the word affinity has been alreadylmP0.rt?nce’ 
explained; and it muff appear evident, from the ufe 
which has been made of it in this article, that the con- 
fideration of the nature of affinity is the moft important 
part of chemiftry. While its laws are unknown, che- 
miftry is not a fcience, but a wildernefa ol fafts with- 
out beauty or regularity : every thing, is equally per- 
plexing and incompreheniible. The chemift, inftead of 
being able to trace the operations of Nature, is loft in- 
an endlefs maze of uncertainty, without a guide.to con- 
duct him, or a ray of light to illuminate his fteps. It 
is the knowledge of affinity which difpels the dark- 
nefs, removes the confufion, fhevvs us the order which 
fubfifts in all the phenomena of nature, points out their 
dependence on one another, and enables us to direft. 
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. j6r 

1. When two bodies are united together by affinity, ^ 
how fmall a portion foever of the compound we exa- 
mine, we fhalkalways find it to contain both of the in-^ 
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- 
fxble to divide matter ; but the fmalleft parts which 

make.: 
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Affinity, make an integrant of any fubftance. Water, for in- 

ftance, confifts 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 fmalleft 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 llronger af- 
finity, they are found precisely in the fame ftate as be- 
fore they entered into combination.—When the fub- 
ftances which combine are Jim pie, 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 firaple, in the ftrid and proper fenfe of the word*. 

2. What is this affinity which unites bodies together ? 
The older chemifts thought that all folvents, or fub- 
ftances capable of diffolving Qthurs, Were compofed of 
particles which had the form of wedges or hooks ; that 
folution confided the 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 thrulf. Such explana- 
tions, abfnrd as they may appear, were faffiionuble among 
chemical philofophers till the days of Sir Ifaac Newton, 
who firft afcribed the chemical union of bodies to an 
attraaion between the particles themfelves. This ex- 
planation, after a violent itruggle on the part of the 
chemifts, has been at laft unanimoufly adopted. 

Affinity, then, is an attraaion between the particles 
tradion be-of different bodies, by which they are drawn towards 
tween the one another, and kept united. This we take for grant- 
particles ot ^ an(1 confltier as a faa, without pretending to ex- 

plain how they come to.be poffeffed of this power, or 
how they exert it ; both of which are evidently beyond 
the reach of the human underftanding. 

But though we cannot difcover the manner in which 
affinity a&s, we can fee, at leaft, that it follows certain 
laws, and that they are invariable ; for fimilar pheno- 
mena always occur when the circumftances aie the fame. 
Now what are the laws which affinity follows ? There 
is a fpecies of attraftion which matter poffiffes, called 
gravitation, the laws of winch were inveiligatecl 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 adfs at 
very great diftances ; affinity not until the bodies are 
mixed together : Gravi'^‘*^011 a^s ot) the whole mafs ; 
affinity only on the particles : Bodies gravitate to one 
another directly as their maffes, and inverlely as the 
fquares of their diftances. But how can affinity follow 
thefe laws, when it does not aft till the bodies are ap. 
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parently in conta#: ? or fuppofing that it does aft, how Affinity, 
can they account for the phenomena of affinity ? If ——v—^ 
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 ftriking differences have convinced many phi- 
■lofophers, as they feem to have done Newton himfelf, 
that gravitation and affinity are different fpecies of at- 
traftion. Let us not, however, embrace this condu- 
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 P1"?01 at 

is merely a general faa, or that tendency which is 
ferved among all the portions of matter towards each 
other, but which exhibits very different appearances un- 
der different circumftances. The tendency of matter 
towards matter at fenfible diftances is called gravitation, 
and its laws have been completely invefligated ; but 
neither that tendency, nor thefe laws, have been, or can 
be, {hewn to be effential to the exiftence of matter. Che- 
mical affinity is the tendency of particles towards each 
other at infenfible diftances, 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 obfervcd faa ; 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 Iquares of the diftances of 
thefe maffes ; while the attraftion, which is called che- 
mical affinity, feems to obferve very different rules. But 
we have {hewn elfewhere (fee Optics, n° 62 — 68, En- 
cycl. ; and Boscovich in this Suppl.), that the fame 
forces repel at one diftance 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 
ftrength, and their being eleftive, or, which is the fame 
thing, the capacity which one body has of difplacing 
another. 

How come affinities, it may be aflced, to differ in in- 
tenlity ? Perhaps we might with propriety refer this 
querift to the itudy of Bofcovich’s curve ; but as our 
modern chemifts are not generally verfant in fuch ftu- 
dies, we beg leave to obferve, in this place, that we have 
no proof whatever of abfolute contaft between bodies. 
On the contrary, it is highly probable, we had almoft 
faid demonftrable, that particles are in every in ftance at 
fome diftance from one another. For, on the fuppoft- 
tion that two bodies were in aftual contadl, 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 poflibly be : Confequently, it 
neceffarily follows, that, fince bodies chemically com- 
bined be feparated, they are not in aftual contaft (a) ; * 
but if they are not in contaft, their diftance from one 

another 

(a) Perhaps the following demonftration, which we borrow from the ingenious Mr Broughman, will render 
Plate tfiis more evident. In fig. 7. let the body A have for P an [attraftion which at the diftance of AP is propor- 

XVII. tional 
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may vary in different cafes, and the force 
of affinity will vary with the diftance. Here then 
is a reafon why the affinity of different bodies va- 
ries in ftrength. Sulphuric acid, for inftance, has a 
ftronger 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, the figure of its particles, ft his anfwer was 
firft given to the queftion by Buffon, and it is fully ade- 
quate to folve the difficulty, ft'he particles of bodies, 
indeed, are a great deal too minute for us to difcover 
their figure by a&ual infpeftion ; but the phenomena 
of cryftallization ffiew us that this difference actually 
exifts. 

The cryftals of every body affume a peculiar figure. 
Now as thefe cryftals are all formed in the tame 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 fulphuric acid and lime combined toge- 
ther, affinity a£ts 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 counteraft 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 attraAion for each other 
is greater than the attraction of the furrounding bodies 
for either. » 

Having thus feen that none of the phenomena of af- 
quendy it finity are inconfiftent with their refulting from the for- 

co^fider°d6 ces w^lc^ k”ng about the phenomena of gravitation, 
astheyW. 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 effe&s of this power are modified according 
to the fituation of the bodies on which it aAs, they are 
known by the different names of gravity, adhefion, co- 
hefion, and affinity. 

Gravity is the attra&ion between bodies fo diftant, 
that the maffes alone influence the refult, and that the 
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power may be confidered as placed in the centre of the Affinity- 
attraAing bodies. 

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, in (lead of touching only in one 
fuperficies, as in adhefion, touch in every point where 
their figure will allow contaA : con'fequently the force 
of cohefion alfo muft depend upon the figure of the 
particles. 

A*finity unites bodies of a different nature, not 
merely by one fuperficies, as adhefion does, but particle 
to particle, like cohefion ; and the moft perfeA contaA 
is formed that the figure of the particles will admit. 
Therefore, in this cafe alfo, the intenlity depends upon 
the figure of the particles. 

q. If we make the attempt, we fhall find that water Saturation 
will not diffolve any quantity of common fait that weexPknne<h 
pleafe. Water which refufes to take up any more is 
faid to be faturated 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 Ihall 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 fulphuric 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 fides 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 attraAion here be P/M'; 
as it is continual during the motion of P to P', MM' is a curve line. Now in the cafe of the attraAion 
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 infinitum, having its arc between AB and AC, to which it approaches as 
afymptotes, the abfeiffa always reprefenting the diftance, and the ordinate the attraAion at that diftance. Let 
V now continue its motion to P", and M' will move M"; and if P" meets A, or the bodies come into perfeA 
contaA, P'M" will be infinite; fo that the attraAion being changed into cohefion will be infinite, and the 
bodies infeparable, contrary to univerfal experience j fo that P can never come nearer to A than a given dL 
fiance. Nicholfon’s Journal, I. 555. 
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Affin'fv. be admitted into the compound than what is necefiary 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 fume one of the ingredients : For dependent of thefe conclufions, that thele combinations 
fnppofin'g that there is a fufiicient number of particles are adfually 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 fimpie 
lame caufe that produces the union of one, two, or fubftances is almojl always greater than that between 
three particles of potafs with a particle of acid, muft 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 at- 
dients, faturation muft equally take place; for thofe finity between nitrous gas and oxygen greater than that 
particles of acid that happen to be neareft the alkali between nitrous acid and oxygen : For if nitrous gas be 
muft ft ill 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 diftance muft give the fuperiority to nitric and nitrous acids, or nitrous gas and nitrous acid, 
thofe that are neareft ; 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 fubftances are capa- 
of fome particles of fulphuric acid for potafs would be ble of decompofing nitrous and nitric acids which have 
greater than that of others ; which is abfurd. no effeift upon nitrous gas. In the lame manner, the 

It will no doubt be objefted to all this, that there affinity between fulphur and oxygen is greater than that 
are innumerable inftances of additional portions of fome between lulphurous 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 fubftances feem to be into fulphurous acid ; but no change takes place when 
equally well faturated with different doles of another, fulphur and fulphurous acid, or fulphurous and fulphu- 
Oxvgen, for inftance, combines with azot in three dif- ric acids are mixed together. A great many inftances 
ferent proportions, and forms nitrous gas, nitrous acid, of the fame kind might eafily be produced, if thefe 
and nitric acid. The metals, too, form, in the fame were not fufficient to eftabliffi the point. This curious 
manner, different oxides; and a great many inftances of fad affords a very ftrong proof that the bafes, as well 
the fame kind occur among the neutral falls. as the quantity of oxygen, is different in almoft 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 inftance, 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 demonftrated, that affinity is a bafe and oxygen ; the oxalic, of tartarous acid and 
[peeks of attraSion {'&'). 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 
Paewn 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 ffiewn, one may convince himfclf by adual experiment. _ 

* Eneyc. in the moft fatisfadory manner, by Morveau*. Thefe ap- _ We do not mean to affirm that this fad, though it 
MtthoJ. parent exceptions are owing toan affinity which exifts be- is certainly very often true, holds in all cales ; m lome, 
i‘,56o‘ 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 inftances of various degrees of fatura- recoiled at prefent any inftance of that kind. s68 
tion but of the formation of new compounds. According 4. bince the affinity ot almoft every two bodies for Of the 
to this very ingenious idea, which, we believe, firft orb each other differs in Jlrength from that between every ftrength 
ginated with Bergman, and was firft feen in its full ex- other two, it becomes an important problem to deter-01 

tent by Morveau, we have formerly explained in what mine the Jlrength of every affinity in numbers. 1 he folu- 
manner the various metallic oxides are formed : the firft tion of this problem would give a clearnefs and Preci- 
oxide is a compound of the metal and oxygen ; the fe- fion to chemiftry equal to that of any other branch of 
cond of the firft oxide and oxygen ; 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 ealily be attention of fome of the moft eminent philofophers who 
extended to every other cafe. Thefe apparent objec- have dedicated their time to chemiftry.. ^ 
lions, then, are not incompatible with the above con- If the obfervations formerly made, in order to fhew Attempts 1 that to afeerum 

it. 

(b) Were any farther proof of this propofition required, we would obferve, that coheffon a&s as an antagonift 
to affinity, and may be often rendered fo ftrong as to prevent affinity from adling with efficacy. Thus 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 deftroy this cohefion, 
and they become as foluble as ever. Now it follows from this, that if cohefion be attraSion, fo muit affinity. 
The experiments of Morveau, to be afterwards mentioned, demonftrate, that adhejion and affinity are prouuced 
bv the fame caufe : Confequently, if adhelion be attraction, fo muft 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 conclufive, it is evident that 
the certain method of learning the ilrength of affinities 
would be to difcover the forms of the parricles 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 inveffigated 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 hypothefis 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, mull occafion 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 exaCtly 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- 
guifhed 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 neceffary to produce a ieparation. But in 1772, 
Meffrs 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 attraaion ; and hence inferred, that adhefton, 
in general, is always owing to the preffure of the at- 

boppt. Vol. I. Part I. 

I S T R Y. Part If. 
mofphere. This conclufion induced Morveau to exa- Affinity, 
mine the fubjecl: he found that adhefion was not af-~v““" J 

feded by the preffure of the atmofphere ; for it required 
the fame weight to feparate a difk 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 difk 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 attra&ion, 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 contadf, 
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 furnifn us with the ratio of the 
other. 

Struck with this idea, he coriftrudled cylinders of dif- 
ferent metals, perfectly 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 exadftly in 
equilibrium. He fufpended thefe cylinders, one after 
another, to the beam of a balance ; and after counter- 
poifing them exaftly, applied them to a quantity of 
mercury placed about two lines below them, making 
them Hide along its furface, to prevent any air from 
lodging between them and the mercury. He then 
marked exa&ly the weight neceffary 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, 

446 gr. 
429 
418 
397 
372 
282 * 
204 
142 
j 26 

8 

* Morveai!} 
Ann de 
Cbim. XXV. 
10. 

The differences of thefe refults cannot be owing to 
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 exquiiitely polifiied ;—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 attra&ion with adhefion ; and that 
therefore, if the one be reducible gravitation, fo muft 
the other. 

Mr Achard, convinced of the importance of Mr Mor- 
veau’s obfervations, made a great many experiments on 
adhefion, and publilhed the refult of them in 1780. He 

x proved 

(c) Now Mr Guyton : we have ufed the old .name all along in the text to avoid ambiguity. 
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Affinity, proved that the force of adhefion was not affefted by 
' v 1 alterations in the height of the barometer, but that its 

force became weaker as the heat of the fluid increafed 
(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 fohds and fluids, 
proved that the force of adhefion 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 figure ol 
the particles of the adhering fluid and , 

Thefe experiments and calculations of Mr Achard 
are certainly of importance ; and we would have given 
them here, had not the objefts of them been fubftances 
which can furnifh but few data for calculating the force 
of affinities. . . r 

This method of meafuring the force of affinities ieems 
to be an accurate one, and if it could be applied to 
every cafe of affinity, would, in all probability, enable 
us to folve the problem which we are now confidering: 
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 ftate. Nor can it be applied indiscriminately 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 53|ths ; yet we know that fealing-wax has a 
greater affinity for alcohol than for water; becaufe al- 
cohol diiTolves 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 adheiion. 
Let us fuppofe, for inftance, that two fohds, A and B, 
are made to adhere to the furface of a liquid, and that 
A can only form an adhefion with 50 particles of the 
liquid, whilft B adheres’ to too ; it is evident that a 
much fmaller force will deftroy the cohefion of the 50 
particles to which A adheres with the reft ot the li- 
quid, than what will be required to deftroy the cohe- 
fion of the 100 particles united to B with the fame 

^ Morvtau, liquid • , 1 ■ J 
Encyc. Me- The method of Mr Morveau, then, may be applied 
tbod. Cbim. •with accuracy in both cafes ; and when they occui can 
art. Adhe- onw be determined by experiment. It cannot, how- 

J*™' everj be applied indifcriminately 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 Y J 

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 pofiible 
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 
would not affume 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. _ 

Mr Kirwan has propofed another method of folving And Kir® 
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 refpeftive 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 Potafs. Soda. Lime. Amm. Mag. Alum. 
Sulphuric acid 215 165 110 90 80 75 
Nitric acid 2x5 165 96 87 75 65 
Muriatic acid, 215 158 89 79 71 55 

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 783. 
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 afcertain- 
ing the ftrength of affinities by this method. But be- 
fore it be abandoned altogether we wifh the following 
obfervations were confidered. . _ 

Bergman long ago eftablifhed as a principle, under Attempt to 
the name of a chemical paradox, that the Jronger any remedy the 
fait was, the lefs of any other it required for faturation. 
Thus, according to him, 

100 

(D) Striaiy Tpeaking, 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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100 parts of potafs require 78,5 Sulphuric acid, 

64 Nitric, 

100 parts of foda - - 

51,5 Muriatic, 
42 Carbonic, 

177 Sulphuric, 
135,5 Nitric, 
125 Muriatic, 
80 Carbonic. 

ted by Morveau *, evidently refolves itfelf into the two Affinity. ^ 
following : ^ £ 

f 

1. A fafe requires more of an acid for faturationMethod.' 
the Jlronger its affinity for that acid is. Chim.i. 597. 

2. An acid 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 firil of thefe pro- 
pofitions, let us examine the following table, drawn up 

This propofition, which has been admirably illultra- from the experiments of Bergman, Wenzel, and Kirwan. 

100 parts of 

Barytes 

Potafs 

Soda 

Lime 

Magnefia 

Ammonia 

Alumina 

Bergman 
Sulphuric. Nitric. 

J5>4 

78,6 

175 
I43>7 

173,67 

211,11 

64 

,34>4 

•59.25 

Muriatic. 

30,8 

5L5 

125 

70.45 

82,92 

220,2 

Wenzel. 
Sulphuric. Nitric. Muriatic. 

82,4 

125,8 

147.74 

l8l,8 

142,42 

77.7 

107,7 

166,6 

195,6 

257>15 

201,22 

68,7 

54 

83 

103,6 

22,27 

96,25 

38,6 

Kirwan. 
Sulphuric. Nitric. Muriatic. 

81,8 

129,4 

141 

17°,5 

187,5 

87,1 

136,1 

180 

255 

233 

78,2 

114,2 

86 

104,275 

116 

Eticyc * 
Method* 

It is evident at firft fight, that Bergman’s experi- 
ments correfpond exactly 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 1 7,4 of 
fulphuric and 30,8 of muriatic acid. But Mr Morveau 
has ffiewn, by feveral accurate experiments, that bary- 
tes requires much more fulphuric acid for faturation 
than Bergman fuppofed *. And Klaproth has (hewn, 
that 100 parts of barytes require 49,2 of ftrongfulphuric 

CZ>/»z. i. 591.acid for faturationf. And Dr Withering’s calculation J 
t Ch'-™- agrees almoft exactly with this; nor does that of Four- 

croy differ much from it §. Inftead of 15,4 of fulphuric 
% Phil. acid, therefore, which, according to Bergman, are ne- 
Tra«/i784.ceffary to faturate 100 of barytes, It fhould be 42,8. 
\ Ann. de The firft and laft columns of Wenzel and Kirwan’s 
Cbm.iw 5-eXperjmer)ts agree equally well with the propofition, but 

the fecond deviates from it completely. Wenzel pro- 
bably might have been mifled 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 falls are as 
under: 

Sulphatofpotaf. ;°8°i7 

Sulphat of lime ("Acid too 
(_Lime 80,6 

Nitrat of potafs ,o° ^ | Potafs 83,33 

Nitrat of lime f Acid 100 (_ Lime 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 muft 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 'n the mixture; confequently 
there ought to exift in the mixture, after the mutual 
decompofition of the falts, 64,87 of nitric acid in a ftate 
of liberty. Such would be the refult, provided Mr Kir- 
wan’s numbers were accurate ; but the fad 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 CW'xxv. 
lime is Hated too high by Mr Kirwan. Although 
therefore Mr Kirwan’s tables do not coincide with the 
propofition which we are confidering, this is not to be 
confideted as a proof of its falfehood ; as there is rea- 
fon, from the experiment above deferibed, to fufpeft 
fome error in the data from which Mr Kirwan calcula- 
ted the ftrength of the acids. 

The truth of the fecond propofition may be iud^ed 
of by the following Tables : 

Xx According 
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Table II. Quantity of Add netejjary to Saturate 100 Affinity, 

Parts of (he fix Bafes. ^ ^ 
loo parts of 

Sulp. acid 

Nitric add 

Baryt. Po'afs. 

646 I27»5 

148,4 

Mur. acid 324,7 194 78 141,9120,5 

Soda. 

5<5,5 

74.4 

Lime. 

69.5 

74.4 

Magn. 

578 

62,8 

Amm. 

42 

Alum 

473 

40 

According to JVenzel. 

100 parts of Byryt. Potafs. Soda. Lime. Magn. Amm. Alum. 

Sulp. acid 

Nitricacid 

Mur. acid 

120,8 

92.7 

183,8 

79,16 

60 

119.2 

67,2 

51.1 

9rM 

55 

38,8 

81,7 

70,2 

49.7 

103,9 

128 

Hz.* 

259 

According to Kirw/in. 

100 parts of 

Sulp. acid 

Nitricacid 

Mur. acid 

Baryt Potafs. 

122,2 

11: 

168,6 

Soda. 

77.2 

73.8 

133 

Lime. 

7°>4 

55.5 

112,7 

Magn. 

57.3 

39.2 

89,9 

Amm. 

53.3 

44.8 

78.5 

Alum 

parts Baryt. Potafs. Soda. Lime. Magn. A,mm. 

Sulph. acid 

Nitric acid 

Muriat. acid 

233.3 

258.4 

324.7 

123,3 

148,4 

78,7 

95,6 

188,8 126,1 

68,3 

74.4 

116,7 

56,8 

62,8 

49,3 

54,8 

97,3 78,5 

100 parts 

Barytes 

Potafs 

Soda 

Lime 

Magndia 

Ammonia 

Sulph. acid. 

42,8 

8l 

126,7 

145,7 

176,2 

202,6 

Nitric acid. 

38,7 

64 

101,4 

I34»4 

159,25 

182,4 

Mur. acid. 

3°,8 

52,9 

79 

87»5 

105,4 

127,25 

con» 

It appears that all the table of Bergman agrees with 
the propofition except the numbers which correfpond to 
fulphat of foda, fulphat of alumina, nitrat of lime, and 
muriat of foda, which the late experiments of Mr Kir- 
wan have fufficiently fhevvn 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- 
fition s 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 refpedtive 
bafes. 

Table I. Quantity of Safe 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. _ g 

But if we wifhed to know what was the affinity be-And 
tween one acid and bafe, compared with that between ftru<5l 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 confift 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 muff be multiplied into 
one another. This was the miftake into which Mr Kir- 
wap fell. His method coniifted 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 neceifary 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 L Ratios of the Affinity of fix Bafes for three 
Acids. 

Sulph. acid 

Nitricacid 

Barytes. Potafs. Soda. Lime. Magn. Amm. 

100,00 

100,00 

52.85 

57.43 

33.73 

36,98 

Mur. acid 100,00 58,11 38,81 35,70 29,94 24,15 

29,27 

28,77 

24.34 

24,28 

21,12 

19.59 

Tabls 
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Table II. Ratios of the /IJfinity of three Acids for 
fix Bafes. 

Sulph. acid. 

Barytes 

Potafs 

Soda 

Lime 

Magnefia 

Ammonia 

Nitric acid. 

100,00 

100,00 

100,00 

100,00 

100,00 

100,00 

Mur. acid. 

90,42 

79,01 

80,03 

92,24 
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the fubjeft, fur the candour which he has difplayed, Affinity. ^ 
and for the new rout which he has opened to the die- u—~v— 
mical philofopher. Though this problem has not hi- 
therto been folved, and though the difficulties which 
furround it are almoll 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 *. *Eneye. 

9°>34 

90,02 

74»54 

65,30 

62,35 

60,05 

59,68 

62,77 

Table III. Affinity between three Acids and fix Bafes 
in Alfolute Numbers. 

Sulph. acid. 

Barytes 

Potafs 

Soda 

Lime 

Magnefia 

Ammonia 

iocoo 

5285 

3373 

2927 

2434 

2X12 

Nitric acid. 

9042 

4537 

2969 

2653 

2193 

1763 

Mur. acid. 

7454 

3794 

2419 

2T43 

1786 

1515 

Barytes 

Potafs 

Soda 

Lime 

Ammonia 

Magnefia 

Alumina 

Sulph. 
acid 

66 

62 

58 

54 

46 

50 

40 

Nitric 
acid. 

62 

58 

5° 

44 

38 

40 

36 

Muriat. 
acid. 

36 

32 

31 

24 

21 

22 

18 

Acetous 
acid. 

Carbonic 
acid. 

28 

26 

25 

*9 

20 

17 

<4 

*5 2 (d) 

Method. 
Chim. i. 773> 

577 
Morveau’a 
table of 
affinity. 

On the fuppofition that the two propofitions 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 lafi: table would reprefent accurately in num- 
bers the flrength of the affinities of the three acids for 
each of the fix bafes refpedively. 

We muft acknowledge, however, that the truth of 
thefe propofitions has not hitherto by any means been 
fufficiently proved ; but a great number of fadls 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 compofition of the falts, 
by mixing together two falts which mutually decom- 
pofe each other, and afcertaining 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 poffible to obtain. 

No one will fufpedl that any thing which has here 
been faid is meant as a refledtion 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 compofition of the falts. Mr Kir- 
wan, in particular, is entitled to the greateft praife for 
the perfevering induftry with which he has profecuted 

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—fimple,Three 
compound, and difpqfuig affinities. claffes of a:- 

The firfl clafs comprehends all thofe cafes' in which Unity, 
ov\y two bodies combine together; as, for inftance, ful- , 
phuric acid and potafs, oxygen and carbon. The affi-‘p‘5 

nities which belong to this clafs are known by the name 
of fimple or Jingle affinities. Although one of the fub- 
ftanees to be combined happens to be already united 
with another body, the combination is Hill reckoned a 
cafe of Angle affinity. Thus fuppofe the fulphuric acid 
previoufly combined with magnefia, and forming with 
it the fait called fulphat of magnejia, 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 Angle affinity. Thus, when fome pot- 
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 tari 
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 inftanees of Ample 
affinity immediately following each other. 

When more than three bodies are mixed, decompo-Compound 
fitions and new combinations often take place, which affinity, 
    could 

(d) This table, however, does not correfpond quite accurately to all the phenomena. For inftance, accord 
mg to it, fulphat of barytes is not decompofed by carbonat of foda, although the contrary takes’ place i 
iahfc. " ’ * m 
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Affinity, could not have been produced had the bodies been pre- 

/ pente{j jn a different ftate. If, for inftance, into a fo- 
lution of fulphat of potafs there be poured nitric acid, 
no decompofition is produced, becaufe the fulphuric 
acid has a ftronger 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 
inftantly 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 
ffiall therefore call the affinities belonging to this clafs 
compound affinities (e) ; and comprehend under the 
term all tafes where more than three bodies are prefent, 
and produce combinations which would not have been 
formed without their united aftion. In thefe cafes the 
affinity of all the various bodies for each other adts, 
and the refulting combination is produced by theadfion 
of thofe affinities which are ftrongeft. The manner in 
which thefe combinations and decompofitions take 
place, was firft 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 rr 58 ; and that be- 
tween the fulphuric acid and ammonia = 4b. Now, 
let us fuppofe that all thefe forces are placed fo as to 
draw the ends of two cylinders croffing one anothei, 
and fixed in the middle in this manner, 

Potafs. Nitric acid. 

( 100 

104 

ft is evident, that as 58 and 46 = 104, are greater than 
62 -{- 38 too, they would overcome the other for- 
ces and (hut 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 fulphunc 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 ; \Jl, Thofe affinities 
which tend to preferve the old compound, thefe Mr Kir- 
wan has called quiefeent affinities ; and thofe which tend 
to deftroy them, which he has called divellent affinities. 

Thus, in the inftance 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 ftrongeft, 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 
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ammonia, are divellent affinities ; and as they are in this Affinity, 
cafe ftrongeft;, they a&ually deftroy the former combi- J 

nations and form new ones. 
Bergman, who publiftied a great many cafes of com- 

pound affinities, employed to explain them a method 
fomewhat different from this. He would have repre- 
fented the above cafe in the following manner : 

Nitrat of Potafs. 

Potafs. Nitric acid. 

Sulphat of 
Petals. 

Nitrat of 
Ammonia. 

Sulph. acid. Ammonia. 

Sulphat of Ammonia. 

At the four corners of an imaginary fquare are placed 
the four fubftances, fo that one acid (hall be diagonally 
oppofite to another. On the right and left fide of the 
fquare are placed the old compounds, each on 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 
fubftances. It is in cafes of compound affinity that 
the ratios of affinities, if we were poffeffed of them, 
would be peculiarly ufeful. For it is evident, that if 
we knew the ftrength of affinities in abfolute numbers, 
we would be able to determine before hand all the cafes 
of compound affinity. 

If we knew, for inftance, 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 adtually the cafe. 

Muriat of Potafs. 

Muriat of 
Barytes, 

Muriatic 
acid, 

36 

Barytes, 

32 

46 

Potafs. 

9 (45 

Carbonic 
acid. 

Carbonat 
ofPotafs. 

Carbonat of Barytes. 

Another xnftance of decompofition by compound 
affinities. x 

Sulphat 

(e) Morveau called them affinite par concourse 
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Sulphat of Lime. ■SulP1,at of 

Sulph. acid, 54 Lime. Su>P^* So Magnefia. 

Sulpbat 
of 

Ammonia, 
46 

^Ammonia, 38 

92 

44 (9° 

Nitric 
acid. 

Nit vat 
of 

Lime. 

Sulphat 
of foda,< 58 

Soda, 

40 (98 

50 Nitric acid. 

100 

Nitrat of 
magnefia. 

Nitrat of Ammonia. 
Nitrat of Soda. 

Suppofmg Morveau’s numbers exaft, it follows alfo, When a new compound is precipitated, a line bent 
even prior to experiment, that no decompofttion takes downwards in the middle is to be placed between it and 
place when fulphat of lime and muriat of potafs are the fquare, as in the following fcheme: 
mixed y Sulphat of Potafs. 

Sulphat 
of 

Lime, 

Sulphuric 
acid, 

54 

Lime, 

62 Potafs. 

$1 (86 

20 

82 

A 
Muriatic \ 

acid. \ 

Muriat 
of 

Potafs. 

for the quiefcent affinities are 86, and the divellent on- 
ly 82. . 

Nor when aeetite of lime and munat of ioda are 
mixed ; 

Acetite 
of 

Lime, 

Acetous acid, 25 

19 

Soda. 

Lime, 20 

45 

28 (47 

Muriatic 
acid. 

Muriat 
of 

Soda. 

Sulph. acid, 62 Potafs. 

Sulphat 
of 

Barytes, 
65 9 (74 

Carbon at 
of 

Potafs* 

Barytes, 14 Carbonic 
— acid. 
76 

Carbonat of Barytes. 

When a new compound is fublimed, the line between 
it and the fquare is to be pointed upwards in the middle* 
thus , *—  / 

When a new compound is partly diflblved and partly 
precipitated, the line placed between it and the fquare 
is to affume the following fhape : ,— y'- 

When it is partly diflolved and partly fublimed, the 
following is the line to be ufed : 

The third clafs of affinities has been called by MrAndd;fp0. 
Morveau difpofing affinities, becaufe they difpofe fub-fingaffinity* 
ftances to combine that would not otherwife have done 
it. Suppofe, for inftance, that fulphur is prefented to 
oxygen gas, it does not manifeft 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 underftood. If 
we confider what it was that prevented the fulphur and 
oxygen from combining, we fhall find that it can only be 
its own attraftion of cohefion, and the affinity between 
the oxygen and caloric which are combined. What- 
ever then diminiffies this attra&ion of cohefion, or of 
aggregation as it has been called, muff facilitate the union 

of 

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 inverfe com- 
pound affinity. 

Morveau has propofed the following improvements in 
reprefenting thefe cafes of compound affinities*. 

“Method' When decompofition does not take place, nothing is 
ai.i.5«.to be written above and below the fquare, as in the two 

laft examples. When a new compound remains diffol- 
ved, a ftraight” line is to be placed between it and the 
fquare, as in the following fcheme. 
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of the fulphur with oxygen. This is done in fome mea- 
fure 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 Lavoilier has proved, is compofed of 
oxygen, hydrogen, and carbon : Now if concentrated 
fulphuric 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 attraction 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 muft 
be decompofition. 

6. We come now to one of the moft difficult quef- 
chemiftry—Why do bodies require different 

temperatures in order to unite ? and why does the pre- 
fence of caloric in many cafes favour or rather produce 
union, while it prevents or deltroys it in others ? 

Thefe queftiens 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 fatisfadtory manner, but becaufe no intelli- 
gible anfvver could be given till the nature of affinity 
had been previoully coniidered. 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- 
tradlion 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 feparating bodies into their 
integrant particles, except affinity. Now we can con- 
ceive the attraftion 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 aftu- 
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 a£t 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 folution, it has recovered all 
its original properties. The effeft of the fire, then, was 
merely to increafe the cohefion, by feparating all the 
water, and allowing the particles to approach nearer 
each other. 

It is evident, that whatever diminiffies the cohefion 
which exifts between the particles of any body, muft 
;tend to facilitate their chemical union with the particles 
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of other bodies. This is the reafon that bodies combine Affinity, 
more eafily when held in folntion by water, or when ' 1 v~"-J 

they have been previoufiy reduced to a fine powder. 
Now caloric poffeffes the property' of diminiffiing co- 
heiion. And one reafon why fotne bodies require a 
high temperature to caufe them to combine is, that at 
a low temperature the attraction of cohefion is in them 
fuperior 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 neceffary for this purpofe muft vary according to 
the ftrength of the cohefion and of the affinity ; it nmft 
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 circumftances, 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 fituations « pr0llpan& 
carbon is fo completely divided, that it is capable of Moriiau, 
combining with the oxygen of the atmofphere, or, Encyc Vf*. 
which is the fame thing, of catching fire at the com-f01*- Chim. 
mon temperature. This feems to be the cafe with it in’’ 4/4' 
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 ffiew thatf Morveau, 
caloric is in many cafes neceffary in order to diminilh^. 
the attraftion 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 neceffary 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 neceffa^y to thefe fubftances during the 
whole of their combuition 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 volatiley and they burn the eafier in 

proportion 
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Affinity, proportion to that volatility. The application of a cer- 

V—- tain quantity of caloric to alcohol volatilizes part of it ; 
that is to fay, diminifhes the attraction 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 afiift the procefs by means of the ca- 
pillary attraction of the wick, which confines the aCtion 
of the caloric evolved to a fmall quantity of oil, and 
thus enables it to produce the proper effeCt. 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 
firll applied. The reafon that a live coal will not burn 
when fufpended infulated in the air, is not, as Dr Hut- 

* On LIgit 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 to allow it to combine 
with oxygen without fome fucb 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 furniihed with any thing to a& as a wick. It 
is needlefs to add, that bitumen, like oil, is ealily 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 attradlion 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 ftate of gas, unite at once 
and form water? and why do not oxygen and azot, 
which are conftantly in contad in the atmofphere, unite 
alfo and form nitrous gas ? Surely it cannot be the 
attradlion of cohefion that prevents this union. And 
if it be afcribed 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 Monge has obferved, this is contrary to all the 
other operations in chemiftry. 

That the particles of fluids are not deftitute of an 
attra&ion for each other, is evident from numberlefs 
fads. The particles of water draw one another after 
them in cafes of capillary attradion ; which is proba- 
bly owing to the attradion of cohefion. It is owing 
to the attradion of cohefion, too, that fmall quantities 
of water form themfelves into fpheres : Nor is this at- 
tradion fo weak as not to be perceptible. If a fmall 
plate of glafs be laid upon a globule of mercury, the 
globule, notwithftanding the preflure, 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 
puihes up the glafs before it. Here we fee the at- 
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tradion of cohefion, not only fuperior to gravfta- Affinity, 
tion, but adually overcoming an external force *. ^ 
And if the workman, after charging his plate of^J™*™’ 
glafs with weights, when he is forming mirrors, hap-p. 543.’ 
pen to remove thefe weights, the mercury which had 
been forced from under the glafs, and was going to fe- 
parate, is drawn back to its place, and the glafs again 
pufhed up. Nor is the attradion of cohefion confined 
to folids and liquids; it cannot be doubted, that it ex- 
ifts alfo in gafes ; at lealt it is evident, that there fub- 
fills an attradion 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 afcribed to an attradiou. 
And were we to allow, with Humbolt and feveral other 
chemifts, that thefe two gafes are chemically combined 
in atmofpherical air, an opinion contradided by a late 
experiment in France (f); ftill the exiftence of carbo- 
nic acid gas in every part of the atmofphere can only 
be afcribed (if the inaccuracy of the expreffion may be 
tolerated) to a kind of cohefion. And whoever has 
been accuflomed to pneumatic experiments, mufl have 
obferved that fmall portions of air, as well as water, 
form themfelves into fpheres, and that the attradion of 
cohefion is fo ftrong in gafes, that large globules of 
them often adhere by a Angle point to "the bottom of 
veflels filled with heavy fluids : whereas, had there been 
no attradion of cohefion, every part of the globule 
ought to have afcended to the furface of the fluid, 
except the particles immediately in contad with the 
veflel. Allowing, then, that there is an attradion of 
cohefion between the particles of gafes, let us fee whe- 
ther that will not affilt us in removing the difficulty. 

It feems evident, in the firfl place, that the affinity Explained, 
between the bafes of the gafes under conlideration and 
oxygen is greater than their affinity for that dofe of 
caloric which produces their elaftic form ; for when 
they are combined with oxygen, the fame dofe will not 
feparate them again. Let us take hydrogen for an in- 
flance : 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 
exills an attradion of cohefion between the particles of 
the hydrogen gas ; the fame attradion fubfifts 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 - . _ _ 
Cohefion of oxygen ' - - - 4 
Cohefion of hydrogen - - . . 2 

Sum of quiefcent affinities, - . I05 
The affinity of oxygen and hydrogen, - joe 

The quiefcent affinities being greater than the divellent 
affinities, no decompofition can take place. 

..   Y 7 Let 
(f) Air brought by means of a balloon from a great height in the atmofphere was found to contain lefs oxv 

gen gas than the fame quantity of air near the ground. - 

1 
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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 cohthon ; 
while its affinity for them is fo {mall that it may be ne- 
odedted. Let us fuppofe that it diminiffies 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 m 
gafeous fubfiances, and in thofe combinations into which 
oxygen enters, is the flrong 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 ftronger 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 mu ft diminifh both thefe attrac- 
tions. , 

Though we have thus attempted to explain what has 
been always confidered as one of the molt difficult pro- 
blems in chemiftry, we are far from fuppofing that we 
have removed every difficulty. Much {till 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 

One difficulty ftill remains to be examined. ^ Heat 
not only produces the combination of fome bodies, but 
alfo occafions the decompofition of others. How does 
it ad in thefe cafes ? 

jnow new 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 expoied to heat, 
* .Pelltiier. fulphuret of arfenic is formed * evidently by a kind of 

compound affinity. 
Oxygen Gas. 
 A  

584 
How heat 

Caloric. 12 

Sulphur 5° 

Oxygen 

60 

Arfenic 

f Arfenic 
Acid. 

Sulphuret of Arfenic. 

In the fame manner, when nitrat of potafs and bora- 
cic acid are exposed to heat, the nitric acid is volati- 
lized, and borat of potafs is left behind. 

s T R Y. 
Nitric Acid in Vapour. 
 A-  
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Affinity. 

Caloric 4 Nitric acid 

Boracic acid 55 

J8 

Potafs 

> Nitrat of 
Potafs. 

 V  
Borat of Potafs. 

By the fame compound affinity boracic acid and 
heat decompofes muriat of foda. 

Muriatic Acid Gas. 
 A  

Caloric 10 Muriatic acid 

Muriat of 
31 / Soda. 

Boracic acid 24 Soda 

Borat of Soda. 

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 aft 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- 
fe&. 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 f°on 

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 too ; 
confequently, whenever that takes place water will be 
decompofed. Hence we fee the reafon why more heat 
is always neceffary 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 
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Affinity- it does not appear to enter as an ingredient. What we 

v mean will appear evident from the following examples : 
6 Muriat of ammonia, 1 decompofe each other at the 

Carbonat of magnefia, j ordinary temperature of the 
atmofphere, and form muriat of magndia and carbonat 
of ammonia: but, on the contrary, 

Muriat of magnefia, and 7 decompofe each other at 
Carbonat of ammonia, 3 a high temperature ; for 

inftance, at 212°. The products are muriat of ammo- 
nia and carbonat of magnefia *. 

Ao-ain, if muriat of foda and fulphat of magnefia be 
mixed together at a low temperature, for intlance at 
zero, they decompofe each other, and muriat of mag- 
nelia and fulphat of foda are formed ; but no decom- 
pofition takes place at a temperature above 320.—MU- 
riat of foda, and fulphat of alumina, exhibit precifely 
the fame phenomena f. 

Laltly, fulphat of magnefia and carbonat of ammonia 
decompofe each other at the ordinary temperature ; but 

CAiw*. xxiii. 2I2
0 the carbonic acid flies off, and the remaining 

i Fourcroy, fubftances form a triple fait 
The laft of thefe phenomena appears owing to the 

affinity between carbonic acid and caloric, and the two 
firft 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 conne&ed 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 a&s in chemi- 
Rumford’s cal combinations, Count Rumford has been lately indu- 
opinion re- Ced to fufpect that this fubtile fluid is the only agent by 
fpedting af- wh;ch are produced. 

mty' That caloric is a necejfary agent in all chemical de- 
compofitions and new combinations, we very readily al- 

Weft rum, 
/inn. dc 
Cbim. ii. 
XlS. 

■f- Scleelc 
and Gren, 
Ann.de 

Ann. de 
Cbim. ii. 
291. 
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low; becaufe we know no other caufc except caloric to Affinity. ^ 
prevent the particles of bodies from aftual contad ; in v 

which cafe decompofition would be impofiible : 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 tuppoles 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 pofiibly be de- 
nied. Now, what is that force ? We have faid, after 
Newton, an attradion 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 ufiderftand it any 
more than the nature of attradion ; nor do we fee that 
it is poflible to render it more intelligible. But there 
is another queftion of Hill greater importance, What are 
the proofs that caloric is the only agent in all cafes of 
chemical combinations ? For our part, we can think of 
no proof that can render this opinion in the fmalleit de- 
gree plauflble. 

Has this celebrated and candid philofopher confider- 
ed this fubjed with his ufual accuracy ? If heat be a 
body, it cannot furely be the caufe of affinity, unlefs it 
be poffeffed 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 alk if it be poflible 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 confift of combinations of thofe 
fubftances that have been denominated compound, 

and which, for that reafon, we have ventured to call 
doubly compound bodies, may be reduced to three clafles : 

Soaps, 
Neutral falls, 
Hydrofulphurets. 

Thefe {hall form the fubjed of the three following 
Chapters ; and we fhall finifli 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/oa/j. 

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 clafles 
of foaps ; 1. Alkaline, earthy, and metallic foaps, which, 
for the fake of brevity, we fhall call alkaline Joaps ; and. 

2. Acid foaps. Thefe two clafles form the fubjed of 
the two following Sedions. 

Sect. I. Of Alkaline Soaps. 
As there are a great number of oils, all or moft 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 corapofition, is certain ; 
but thefe differences are not of iufficient importance to 
require very particular defeription. We fhall therefore 
delcribe all the alkaline foaps 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 Common 
(fapo, aa.rtCjjv ) firfl occurs in the works of Pliny and G a-hard foap I 
leu, and is evidently derived from the old German word 
fepe (g). 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 Bijlory of Inventions, III. 239.—A fimilar word is Hill ufed by the common people of Scot- 
land. 
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Alkaline and afhes ; and that the German foap was reckoned the 

. S<*P*- beft*. 
* Fllny, Soap may be prepared by the following procefs. A 
lib. xviii. quantity of the foda of commerce, which is a carbonat 
c> 51- of foda, and which is often called barilla from the name 

^*7 rof a plant, by burning which it is procured in great Method of .<<. 
forming it. quantities in Spain, is pounded and mixed in a wooden 

vefiel, 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 what is fufficient to cover it, and 
allowed to remain on it for feveral hours. The lime 
attrafts the carbonic acid from the foda, and the water 
becomes ftrongly impregnated w'ith the pure alkali. This 
water is then drawn off by means of a ftop-cock, and 
called thefrjl ley. Its fpecific gravity fhould be about 
1,200. 

Another quantity of water is then to be poured up- 
on the foda, which, after Handing two or three hours, 
is alfo to be drawn off by means of the ftop-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 ftill 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 firft 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 muft be kept boiling, and agitated conftantly by 
means of a wooden inftrument. The whole of the third 
ley is to be added at intervals to the mixture ; and after 
it is confumed, the fecond ley muft 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 thefrjl ley is then to be added, 
not forgetting to agitate the mixture conftantly. Por- 
tions of the firft ley are to be added at intervals ; the 
foapy fubftance acquires gradually greater confiftency,' 
and at laft 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 ftill for two 
hours, and then the fire muft be withdrawn, and the li- 
quor muft be no longer agitated. After fome hours 
repofe the foap feparates completely from the watery 
part, and fvvims 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 firft ley is to be added to it 
at intervals. When the foap has been brought to the 
proper confiftence, 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 
pafte. It is then to be poured into the veffels pi-oper Soaps, 
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 confiftence 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 ftronger affinity for water than foap has. 

Olive oil has been found to anfwer beft 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 
chemifts 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 manufafture of foft foaps. Whale oil 
has been long ufed by the Dutch for this laft pur- 
pofe. 

Soap may alfo be made wuthout the affiftance of 
heat; but in that cafe a much longer time and a larger 
proportion of alkali is neceffary. 

Manufafturers have contrived various methods of fo* its f0ph;{y, 
phifticating foap, or of adding ingredients which in- cation, 
creafe its weight without increafing its value. The 
moft common fubftance ufed for that purpofe is water ^ 
which may be added in confiderable quantities, efpecial- 
ly to foap made with tallow (the ingredient ufed in this 
country), without diminifhing its confiftency. This 
fraud may be eafily detetted, by allowing the foap to 
lie for fome time cxpofed to the air. The water will 
evaporate from it, and its quantity will be difcovered 
by the diminilhing of the weight of the foap. As foap 
fophifticated in this manner would lofe its water by be- 
ing kept, manufa&urers, 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 fophifti- 
cated in this manner, and placed the one in a dry place 
in the open air, and the other in a faturated folution of 
common fait. After a month, the firft had loft T

s^ of 
its weight, the other had gained about parts *.* y*«/z. * 
Various other methods have been fallen upon to fophif- Chi'n- ^ 
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 chemifts have analyfed foap, in order to af-i»roport;0n 
certain the proportions of its ingredients; but the re-of its ingre- 
falt of their experiments is various, becaufe they ufeddientf> 

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 Oil, 
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. ^ 

CHEMISTRY. 

(h) See the Memoir of Darcet, Lelievre, and Pelletier, in the Ann. de Chim. XIX. 253* 
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Alkaline It is deconspofed by liine, and by compound alBni- 
Soaps. 

59a 
Soft foap. 

ty (i) 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 ptecifely the fame 
procefs is to be followed. It is remarkable, that when 
potafs is ufed, the foap does not aflume a folid form ; its 
confidence is never greater than that of hog’s lard. 
This is what in this country is called foftfoap. Its pro- 
perties as a detergent do not differ materially from thofe 
of hardfoap> 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 affirmed 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 praAifed with fuccefs has been afcertained by Meffrs 
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 decompofition 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 fitreds 
of wmollen 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 conflantly 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 manufa&ures, provided it can be 
obtained at a cheaper rate than the foaps at prefent 
employed. 

Fifli, 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 eafily be freed. 

3. Soap of ammonia.—This foap w^as 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 f 
Mem. Par. It has a more pungent tafte than common foap. 
VJ^0'°r, Water diffolves a very fmall quantity of it; but it is tcholfon s eapjjy difrolved |n alcohol. When expofed to the air, 

ijo ’ it is gradually decompofed. 

* Ann. de 
Chim. XlX. 
312. 

S9i 
Soap of 
ammonia. 

59* 
Soap of 
lime. 

4. Soap of lime.—This foap may be formed by pour- 
ing lime-water into a folution of common foap. It is 
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infoluble both in water and alcohol. Carbonat of fixed Aikaline 
alkali decompofes it by compound affinity *. It melts 0^8‘ . 
with difficulty, and requires a ftrong heat. * Thouvenel. 

5. Soap of magnefia.—This ioap may be formed by 593 
mixing together iolutions of common foap and fulphat Soap of 

c b r magnefia, 01 magnefia. _ “ 
It is exceedingly white. It is unftuous, drfes 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, fiightly yellow, and very 
brittle-j'. f Berthollet} 

6. Soap of alumina.—This foap may be formed by'^- 
mixing together folutionsof alum and of common foaP* of a?urni- 
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 eafily melts it, and reduces it to 
a beautiful tranfparent yellowilh mafs J. 1 Ibid. 

7. Soap of barytes refembles almoft exadtly the f°aP Qf barytes 
of lime §. § md. 

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, rl> 
and the foap of mercury is gradually precipitated. This 
foap is vifcid, 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 diflblves very well in oil, but 
fparingly in alcohol. It readily becomes foft and fluid 
when heated ||. 

9. Soap of zinc.—This foap maybe formed by mix- 
ing together a folution of fulphat of zinc and of foap. l'> 

It is of a white colour, inclining to yellow. It dries 
fpeedily, and becomes friable^. \Ibid. 

10. Soap.of cobalt.—This foap, made by mixing ni-gf cobalt 
trat of cobalt and common foap, is of a dull leaden co- 
lour, and dries with difficulty, though its parts are not 
connected. 599 

Mr Berthollet obferved, that towards the end of the Of nickel, 
precipitation there fell down fome green coagula, much 
more confiftent than foap of cobalt. Thefe he iuppo- 
fed to be a foap of nickel, which is generally mixed 
with cobalt*- _ *7^ 

l 1. Soap of tin.—It may be formed by mixing com- 0£tin 
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 -j-. t 

12. Soap of iron. — Formed by means of fulphat ofgfiro'i 
iron. It is of a reddifiv brown colour,.tenacious, and 
eafily fufible. When fpread upon wood, it finks in and 
dries. It is eafily foluble in oil, efpecially of turpentine. 1 Ibpd. 
Berthollet propofes it as a varnilh j. 

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 

Ibid. 
597 
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them a pleafant green colour $. 
14. Soap of lead.—It may be formed by means of 

acetite 

603 
Of lead. 

(1) In this and the following chapter, compound affinity is not taken always in its ftrift and proper fenfe, but 
is applied to all thofe decompofitions in which the affinities of more than .three bodies a8. 
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A'.kalir.e ncetite of lead. It is woite, tenacious, and very adhe- 

t ‘'jo^Ps- five when heated. When fufed, it is tranfparent, and 
T^ttijoild becomes fomewhat yellow if the heat be increafed* 

ib’,/. i o Soap of filver.—It may be formed by means of 
nitrat of filver. It is at lirft white, but becomes red- 
difh by expofure to the air. When fufed, its furface 
becomes covered with a very brilliant iris; beneath the 
furface it is black -f. 

16. Soap of gold.—It is at firfl white, and of the 
confidence of cream. It gradually afi'umes a dirty pur- 
ple colour, and adheres to the fkin fo that it is difficult 
to efface the impreffion ;};. 

17. Soap of manganefe.—It is at firft white, but it 
affumes in the air a reddifh colour, owing evidently to matg^ e ' • (.jie a^forpt{on Gf oxygen. It fpeedily dries to a hard 

brittle fubftance, and by liquefadlion affumes a brown 
§ Ibid. blackifh colour 

We owre the following refinous foaps to Mr Me- 
607 za,‘7e- . p . . 

Soap of tur- t8. Soap of turpentine and potafs.—576 grains of 
pentine and turpentine were diflolved in 9216 grains of alcohol, and 

604 
Of filver, 

f Ibid. 
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then 576 grains of potafs were added. The alcohol 
■was diflilled off at a boiling water heat. There remain- 
ed in the retort 648 grains of a browniffi foapy matter, 
■which when-fpread 011 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 tade. Vinegar 
decompofed it. 

19. Soap of benzoin and potafs.—By treating 9216 
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 

•Of guaiac, 

of balm, 2404 grains of potafs, and 9216 grains of al- 
cohol, produced a foap of a reddiffi colour, and pretty 
confident. 

21. Soap of guaiac and potafs.—1728 grains of guai- 
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 fird, which afterwards became green 
on the furface, but remained unaltered within. Its fo- 
lution in water was greenidi. It had no difagreable tade. 
It diffolved in alcohol, and formed a green tindture. Vi- 
negar decompofed it. 

22. Soap of fcammony and potafs.—By the above 
Teammony. 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 tade. Its lolution in 
alcohol is of a deep amber colour ||. 
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Sect. II. Of Acid Soaps. 

Sulphuric acid may be combined with oils in the 
.Method of ful]owjng manner: Put two ounces of it into a glafs 

acid foaps. mortar, and add, by little and little, three ounces of the 
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oil nearly boiling hot, triturating it condantly. A fub- 
dance is obtained of the confidence of turpentine. Dif- 
folve it in about fix ounces of boiling water, and the 
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- 
fedtly neutralized. g, ^ 

1. Soap of fulphuric acid and lintfeed oil.— It dif-Acid foap 
folves entirely in water. The folution is opaque, of aof lintfeedf 
bluiffi white colour, vifcid, and frothes when agitated.0i'‘> 
Alcohol didolves 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- 
tric acid, and muriatic acid, alfo decompofe it. Diddled, 
it yielded a few drops of water and an oil, which coagu- 
lated, and was of the confidence of wax. (jI4 

2. Soap of fulphuric acid and oil of almonds.— So-Ofalmonei 
luble in water ; folution milky. Frothes. Soluble in oil. 
alcohol; folution brown and tranfparent. Potafs, lime, 
nitric acid, muriatic acid, fulpburous acid (the oil fepa- 
rated affumed the confidence 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 diddled, there paffed over a little 
water and an oil, which coagulated and fmelt very ran- 
cid : there remained behind a coal. 6x5 

3. Soap of fulpburic acid and olive oil. —It is brown, Of olive 
and of the confidence of wax. Solution in hot water0ll» 
while, opaque, vifcid ; 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. 6l6 

4. Soap of fulphuric acid and butter of cocao.— It is of butter 
hard, and marbled like Venice foap. Solution in waterof cocao, 
grey, opaque, vifcid; frothes. Solution in alcohol yel- 
low and tranfparent. Pot^fs, ammonia, nitric, muriatic, 
and acetous acids, tartar, fal ammoniac, tartrite of pot- 
afs, acetite of lead, and zinc in powder, decompofe it. 
When diddled, there came over water, an oil that coa- 
gulated, and a few drops of a black oil, which alfo con- 
gealed : both were rancid. 

5. Soap of fulphuric acid and wax.—It is white, and of wax, 
becomes very hard. Its folution in 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 isOf fperma« 
brown. It diffolves in water: the folution is milky,cetl> 
vifcid, 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. , <5x9 

7. Soap of fulphuric acid and oil of eggs.—Its folution °J oil of 
in water is white, opaque, vifcid; frothes: that in alco-c28s» 
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 confillence of 

wax. 
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al wax, the firft yellow, the lad a deep brown. Nitre, 

Salts. fal ammoniac, acetite of lead, iron filings, zinc pow , 
1- * decompofe it; vinegar, borax, filings of lead do not. 

To unite this acid with the effential 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 ioap 
united into a brown mafs. _ 

8. Soap of fulphuric acid and turpentine. It is brown, 
and of the confiftence of foft wax. Its folution in wa- 
ter is grey, opaque, vifcid ; frothes : Its folution in a - 
cohol is brown and tranfparent. Alkalies decompofe it: 
with too much it f«rms at the boiling heat a new foap. 

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 

o. 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 confiftence of wax. Tartar, fal 
ammoniac, muriat of antimony, acetfte of lead, iron 
filings, decompofed it; vinegar, acetite of ammonia, 
and lead did not. 

. de Mr Achard, to whom we owe thefe foaps *, could 
not fucceed in his attempts to form foaps with nitric 
and muriatic acids. 

6at 
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Chap. II. Of Neutral Salts. 

s jf*
4 The word fait has been ufed in chemiftry in a very 

plained' extenfive, and not very definite fenfe. Every body 
which is fapid, eafily melted, foluble in water, and not 
combuftible, has been called z. 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 pofiefs all the 
properties which have been afcribed to, falts ; and the 
metals are capable of entering into combinations which 
pofiefs faline properties. It is needlefs for us to enter 
into this difpute at prefent, as we have taken the liber- 
ty, in imitation of fome of the beft modern chemifts, to 
expunge the clafs of falts altogether, and to arrange 
thofe fubordinate clafies, which are ufually referred to 

A it, under diftinft heads. 
Neutral fait The word neutral fait was originally applied exclu- 
sxplained. fively to combinations of acids and alkalies, which weie 

confidered as fubftances pofleffing 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 compo- Sulyhats.. 
fition } and every individual fait is diftinguifhed by fub- "V 
joining the name of its bafe. Thus all the ialts into 
which fulphuric acid enters are calledand the 
fait formed by the combination of fulphuric acid and 
potafs is called fulphat 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 feaions we ffiall 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 r4 . 

i. Sulphat of potafs. —This fait may be formed by Sulphat e#*' 
faturating diluted potafs with fulphuric acid, and then ‘ 
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, fpecifcum 
purgans, nitrum fxurn, arcanum dupl'icatum, panacea hoU 
fatica, fal de dnobus, fai polychrefl glaferi, &lc. ; 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). 6l^- 

When the folution of fulphat of potafs is fufficiently Jts proper-"- 
diluted, it affords by evaporation hexahedral pyramids, ties, 
or fhort hexangular prifms, terminated by one or more 
hexangular pyramids. But thefe cryftals vary much in 
their figure, according, to the care with which they aree 
prepared. 

It has a very dlfagreeable bitter tafte. Its fpecific 
gravity is 2,298*. _ . ^ Brijpn.- 

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 of 40 parts 
of acid, 52 parts of alkali, and 8 of water; but accord- 
ing to Kirwan, whofe experiment has been already de- 
fcribed, it is compofed of 4.5 parts of 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 (1.), 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 wgetaVile mtriolatam, and Morveau vitriol of potafs, 
(l) This is called decrepitation. 
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purgative, but its difagreeable tafte 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 ingenioufly explained, to 
an affinity which exills between this fait and fulphuric 
acid. 

It is decompofed by compound affinity by the fol- 
lowing falts : 

♦ Kir wan. 
\ 1J. 
j Bergman. 
§ Id. 
(j Fuchs, 
Jinn, da 
Chim. VI. 
59. 

Ann. de 
Chim. x. 40 

6x6 
Sulphat of 
foda. 

Nitrat of foda(M), 
lime, 
barytes*, 
ftrontites f, 
ammonia, 
magnolia, 
mercury, 

Nitrat of filver, 
  lead, 
Acetite of barytes, 
Muriat of lime J, 
  lead $, 
—   magnolia? 
 foda 11. 

* Jr ijb 
Tranf. iv. 

It is fometimes luminous in the dark, as Mr Giobert 
has obferved fl. , 

. 2. Sulphat of foda.—This fait was firll difcovered 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 decompofing common fait in order to pro- 
cure muriatic acid. 

Its cryftals are tranfparent, and when formed by flow 
evaporation, are lix-flded prifms terminated by dihedral 
fummits. 

Its taile 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 fxrll undergoes the watery 
fu/ion (o), then its water is evaporated, it is reduced 
to a white powder, and at lalt 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, 
Acetite of barytes, 
 potafs, 
 lime, 
Carbonat of barytes, 
  potafs. 

I Seheele. 
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It has a fliarp bitter tafte, 
It is foluble in twice its own weight of water at the 

temperature of 6o°, and in its own weight of boiling 
water. 

According to Mr Kirwan, it is compofed of 29,7 of 
alkali, 55,7 of fulphuric acid, and 14,16 of water*. 

When expofed to the air, it llowly attradfs moifture. T™*/. ibid. 
When heated, it firit decrepitates^ then melts, and in 

clofe vefiels fublimes, but with fome lofs of its alkali-f-. + 
It has not hitherto been applied to any ufe. 
It is apt to contain an excefs of acid. 
It is decompofed by compound affinity by the fol- 

lowing falts 
Acetite of foda, 
 barytes, 
 lime, 

magnefia. 

Part nr. 
Affinity, 

Irtjh 

Mineral. 

Nitrat of lime, 
   magnefia, 
 mercury ? 
Muriat of potafs, 
  foda, 

barytes, 
lime, 
magnefia, 
mercury*, 

Acetite of potafs, 

Carbonat of potafs, 
•  foda, 
 — barytes, 
*  lime, 

magnefia, 
Bergman^ 

\Delkejkamp 

Muriat of potafs, 
 foda, 
    magnefia, 
 lime 

3. Sulphat of ammonia.—This fait was difcovered 
by Glauber, and called by him fecret fal ammoniac. It 
was alfo called •vitriolated ammoniac. It may be prepa- 
red by faturating ammonia with fulphuric acid. 

Its cryftals are generally fmall fix-fided prifms, whofe 
planes are unequal, terminated by fix-fided pyramids. 

x , Phofphat of lime f. 
4. Sulphat of barytes.—This fubftance was firft dif- ^ 

covered by Scheele. 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 of 
forms is fo great that they baffle all defcription. barytes. 

It is foluble in 43,000 times its weight of water at 
the temperature of the atmofphere ||. [| Kirwan a 

Sulphuric acid dilfolves it when concentrated and 
boiling, but it is precipitated by the addition of wa-1*56* 
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 of b, bjua 
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 difcovered by an Italian ftioemaker named Vin- 
cenzo Cafciarolo. This man found a Bologna ftone at 
the foot of Mount Paterno, and its brightnefs and gra- 
vity made him fuppofe that it contained filver. Having 
expofed it to the fire, doubtlefs in order to extract from 
it the precious metal, he obferved that it was luminous 
in the dark. Struck with the difcovery, 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 *. || Afswelius. 

5. Sulphat of lime.—This fubftance was well known 630 
to the ancients under the name gypfum; but theSu*P^ato^ 
compofition of gypfum was not known till Margraflime‘ 
and Macquer analyfed it, and proved that it wras com- 
pofed of fulphuric acid and lime. The artificial com- 
  pound 

( m ) Moft of thefe double decompofitions in this and the following fedlions are inferted on the authority of 
Morveau. See his Table of Affinity, page 360 of this article. 

(n) This is called efflorefcing. 
(o) When fubftances melt by means of the wat$r they contain on the application of heat, they are faid to 

undergo the watery fufion. 
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Sulphate pound formed by the union of thefe two bodies was for- 

merly called felenite. 
It Is found cryftalllzed In various forms, fometimes 

tranfparent and fometimes opaque; and when pure it is 
of a white colour. 

It has a flightly naufeous tafte, fcarcely perceptible 
except by drinking a glafs of wrater impregnated with 

♦ Macqucr. it *. 
It is foluble in 500 parts of w'ater 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 glaffy 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 affe&ed by expofure to the air. 
It is foluole 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. In a clay crucible indeed it fufes at 
130° Wedge wood, owing evidently to the prefence of 
the clay. 

When heated red hot. and cooled, it is called plafler 
of Paris ; a fubftance fo ufeful for calling moulds, dec. 
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 fubftances : 

631 
Plafier of 
Paris. 

f Bergman. 
632 

Sulpliat of 
ftrontites. 

f Dr Hope, 
1'rnnf. Edin 
i». 10. 

<5.33 
Sulphat of 
nragntlia. 

Acetite of barytes, 
 potafs, 
Carbonat of barytes, 

Carbonat of potafs, 
 foda, 

- magnefia? 
— alumina-)-. 

I 

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 winter. Sulphuric acid 
diffolves it readily when affifted by heat, but it is preci- 
pitated by the addition of water to the foiution);. 

7. Sulphat of magnefia. This fait was firft obferved 
in the fprings at Epfom in England by Grew in 1675; 
but Dr Black w’as the lirft who accurately afcertained 
its compofition. It has been called 'Epfom fall, fal ca~ 
tharticus amarus, and Seydler fait. ■ 

It cryttallizes in quadrangular prifms, whofe plains 
are equal, furmounted by quadrangular pyramids. 

It has an exceflivcly 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 jth by add- 
ing the fait §. 

It is infoluble in alcohol. 
It is compofed, according to Bergman, of 19 parts 

of earth, 33 acid, and 48 of water ; according to 
Mr Kirwan, of 17 parts of earth, 29,46 of acid, and 
53,^ of water. 

When expofed to the air it efflorefces, and is reduced 
to powder. 

When expofed to heat it undergoes the watery fu- 
fion, and by increasing the temperature its water is eva- 
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porated, but it cannot be decompofed by means of Sulphats. 
heat. c—y—j 

It is fometimes employed as a cathartic, but its chief 
ufe is to furnifh magnelia by its decompofition. 

It is decompofed by compound affinity by the fol- 
lowing falls. 

Muriat of potafs, 
 foda (p)} 
 lime, 
Acetite of barytes, 
 potafs, 

Acetite of lime, 
Carbonat of barytes, 
 potafs, 

foda *, Bergman, 
ammonia fo 

^ ' 634 8. Sulphat of ammonia and magnefia. This triple Sulphat of 
fait was difeovered by Mr Fourcroy. Into the folutionammonia 

of ICO parts of fulphat of magnefia in 500 parts of wa-^jia
nid^° 

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 dole 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 )-. ^ Ann. de 

9. Sulphat of alumina. This fait may be formed by iv* 
diffolving alumina in fulphuric acid. It has an aftrin-air; 
gent tafte, is very foluble in water, and cryftallizes in Sufi hit of 
thin plates which have very little confiftence);. Little alumina, 
attention has hitherto been paid to this fait, which was 1 
never properly diftinguiftied from alum till two memoirs, 
one by Vauquelin and another by Chaptal, on the na- 
ture ol alum, made their appearance in the 22d volume Chaptal, 
ot the Annales de Chimie. This fait generally contains2S>4* 
an excels of acid, and is not neutralized without con- 
fiderable difficulty §. § Ibid.y, 

10. Sulphat of alumina and potafs, or alum. The2,77' 
o-TuTTrpm 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 confequently 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 un- " 
known. 

It continued to be imported from the Faff till the 
1 5th century, when a number of alum works were efta- 
bhfnea 111 Italy. In the 16th century it was manufac- 
tured in Germany and Spain; and during Queen Eli- 
zabeth’s reign an alum work was ellabhlhed in Entriand 
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 the temperature of 320. Scheele, Gren, Ann. de Chim. xxiii 
(qJ Only below the temperature of 212°. Fourcroy} Hid. ii. 291. 
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Sulphats. flood with accuracy. It has been loner known, indetd, 

“   that one of its ingredients is fulphuric acid(R) ; and 
the experiments of Geoffrey, 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 fome fubllance containing thefe alkalies, is almoft al- 
ways neceffary ; and it was proved, that in every cafe in 
which fuch additions are unneceffary, 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 chemiffs that 
afeertained, by decilive experiments, that alum was a 
triple fait, compofed of fulphat of alumina and of pot- 
afs united together (s). 

Alum cry ftallizes in large odahedrons, compoied oi 
two tetrahedral pyramids, applied to each other at their 

^ It'has a fweetifh and aftringent tafte, and always red- 
dens the tindure of turnfole. 

* Neumann jt Js f0luble at the temperature of 60 , m From io*> 
andChaptal. ^ tImes its Qwn weight of water) according to its 

•and Cbaptal.purity ; pure alum being molt infoluble. Seventy-five 
% Bergman, parts of boiling-water diffolve 100 of alum 

A hundred parts of alum contain, according to Kir- 
, wan, 17,62 parts of acid, 18 of earth (and alkali), and § Kirivan's of t »r 

Mm. 11.14. 4^h“n ^xpofed to the air it efllorefces {lightly. 

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. • j • 

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 fol- 
lowing falts. 

Nitrat of foda, 
  lime, 
 — ammonia, 

magnelia, 

1 Ibid. 

*39 
Homberg s 
pyropho- 
rug. 

Muriat of barytes, 
  potafs, 

    foda, 
      lime, 
     ammonia, 
 magnefia, 
Acetite of barytes, 

Acetite of potafs, 
 foda, 
   lime, 
-  ammonia, 

magnefia 
Carbonat of barytes, 
 —  potafs, 
  foda, 
  1 — lime, 

ammonia, 
 magnefia. 

If three parts of alum and one of flour or fugar be 
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melted together in an iron ladle, and the mixture dried Sulphats. 
till it becomes blackiffi and ceafes to fwell; if it be l——v—^ 
then pounded fmall, put into a glafs phial, and placed in 
a fand-bath till a blue flame iffues from the mouth of 
the phial, and after burning for a minute or two be al- 
lowed to coo1(t), a fubftance is obtained known by the 
name of Homberg’s pyrophorus, which has the property 
of catching fire whenever it is expofed to the open air, 
efpecially if the air be moift 

This fubflance 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 faeces ; and afterwards Mr Lejoy de Suvigny {hew- 
ed that feveral other falts containing fulphuric acid 
might be fubftituted for alum *. Scheele proved, that* See 
alum deprived of potafs was incapable of forming py- 1 Dili* 
rophorus, and that fulphat of potafs might be fubftitu- 
ted for alum "j". And Mr Prouft has fhewn, that a num- f Scbeele on 
her of neutral falts, compofed of vegetable 
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 fafts 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 
difpofmg affinity. Part of the carbon and of the fulphur 
attraft 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 ot 
forming what has been called alum faturated 'with its 
earth, which is an infoluble, taftelefs, earthy-like fub- 
ftance.. 

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. _ , , 1 ■^nn‘ *. 

11. Sulphat Cbim. xxn. 
193* 

v 0 K w thought proper to call the fulphuric acid, obtained by diftillmg dvmjptnt of alum 
w |0

hkthevMinThe two memoir^ above quoted, and which were firft pubhfced in the ?2d volume of the 
(s) 1 'acCou„t of Vauquelin's memoir has been already given under the article Alum m thin 

Annales de L.hmte. An a no iPfo intereflinp- This celebrated chemift appears, from the fa<fts ftated in 

fore made the fame dlfcovery, and that he had published it in Bertho let's Art J? la Te.ntur'. 
(t) Care mull be taken not to keep it too long espoled to the heat. 



Part III. 
Sulphat?. ii. Sulphat of jargonia (u). In order to combine 

'-“"•v 'jargonia with acids, they fliould be poured upon it while 
Si/hat of 11 ’s Yet a^ter be,nS Frecipitate(i from fome of its 
jargonia. 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, furnifties cryftals of 

* Vauque- hydrofulphuret (r) of jargonia*. 
lin, Ann.de Klaproth informs us, that with excefs of acid ful- 
Cbim. xxii. p^at Qf jarg0nia forms tranfparent ftelliform cryftals, fo- 

\%our de water, and having an aftringent tafte f. 
Pbyf. xxxvi. 12. Sulphat of iron. There are two fulphats of iron, 
187. which were firft accurately diftinguifhed by Mr Prouft. 

The one contains the green oxide, the other the red 
oxide of iron. We (hall, in imitation of Mr Prouft, de- 

fi4I nominate them from their colours. 
Green ful- The green fulphat of zV©«.——This fait, which is com- 
phat of iron.pofed of fulphuric acid and green oxide of iron, is found 

native, and was known to the ancients. It is mention- 
$ Lib. xxxiv.ed by Pliny under the names of mify, foryt calchahtum 
c. 12. It was formerly called green vitriol. 

It is generally prepared by expofing 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 (harp aftringent tafte. 
It is foluble in fix times its weight of water at the 

temperature of 609, 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 

S63 
of acid, 23 of oxide, and 3?? of water; but according Sulphats^ 
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 attra&ing oxygen *. * Prnujt. 

It is ufed in dyeing, and in making ink, &c. 
It is decompoied by compound affinity by 

Nitrat of filver, 
Muriat of foda f. f Ratten and 

The red fulphat of iron may be formed by expofing 
a folution of green fulphat to the air, or by treating it 
with nitric acid. It was formerly called mother water of'^'f' 
vitriol. 641 

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 1 See 

We have obferved, that when it is diluted with wa- Prouft's fa- 
ter, and an excefs of fulphuric acid is poured in, it is^r.’ LJubol- 
again llowly converted into green iulpnat. 

13. Sulphat of zinc.—This fait, according to the 643 
belt accounts, was difcovered at Rammellberg in Ger-Sulphat of 
many, about the middle of the 16th century. ManyZinc' 

Z z 2 afcribe 

C H E M I S T R Y 

(u) Jargonia, or, as the French chemifts call it, %irconia, has been difcovered in great abundance in France by 
Morveau, who found that the hyacinths of Expaiily 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 fra&ure. 

When expofed to the heat of the blow-pipe it does not melt ; but Vauquelin melted it by expofing 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 fubjeft the Memoirs of Morveau and Vauquelin, Ann. de Chitn. xxi. 72. and xxii. 179. 
(t) Thefe curious falts form the fubjeft 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 aflumed a red colour : it muft therefore have been converted into the brown or red oxide by attra&ing oxy- 
gen from the atmofphere. 
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afcribe the invention to Julius Duke of Brunfwick. 
Henkel and Neumann were the firft chemifts who 
proved that it contained zinc ; and Brandt firft afcer- 
tained its compofition 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 defedt in two of the oppofite an- 
gles of the prifm, which produces a quadrangular flec- 
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 

It is compofed, according to Bergman, of 40 (v) 
parts of acid, 20 of oxide, and 40 of water : Kirwan 
fuppofes that it is compofed of 1 2 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 parallelepipeds ; they are of 
a white colour, and very bitter §. 

Thefe cryftals are decompofed by a ftrong red heat, 
and the fulphuric is converted into fulphurous acid by 
the oxide attrafting 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 

1 6. 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 mod commonly needle- 
ftiaped: according to Sage, they are tetrahedral prifms. 

It is foluble in 18 parts of water, 
Heat decompofes it.—It is very eauftic, 
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 
2,230. 

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- 

Part Ml 
ture of 6o° ; but In a much fmaller quantity of boiling Sulphats. 

It is compofed, according to Bergman, of 46 parts * ^.rgman, 
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-j*. f Miner, ii, 

When expofed to the air, it efflorefees, and is cover-'z3< 
ed with a yellowifh 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 suipp^t 0f 

fait, except that it "is with difficulty cryftallized, and is bifmuth, 
very deliquefeent. 6l-0 

2t. Sulphat of antimony.—This fait does not cry-Antimony, 
ftallize. It is eafily decompofed by heat. ^ 

22. Sulphat of arfenic.—This fait is fcarcely known. Arfenic, 
It does not appear to be cryftallizable. It is decom- 
pofed by water. 

23. White fulphat of mercury.—This fait may be White ful- 
formed by boiling together two parts of mercury and phat of 
three of concentrated fulphuric acid, and flopping the IlierfcUrl- 
procefs whenever the mercury is converted into a white 
mafs. This mafs, in order to remove the excefs of 
acid, is to be waflied 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 J. It is not altered f Fourcroy, 
by expofure to the air. Heat decompofes it. ^nn- de 

This fulphat is capable of combining with a new^^'OT•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 137 parts of water at the temperature of 550, and in 
33 parts of boiling water §. _ 5 Fcurcroy, 

24. Yellow fulphat of mercury.—-This fait may be 
obtained by continuing to boil the preceding mixture of 653 
mercury and fulphuric acid till the mercury aflumes a yel- u ‘ 
low colour. It appears to be compofed of yellow oxide mercury, 
of mercury and a fmall portion of fulphuric acid. It is 
foluble in 2000 parts of water at. the temperature of 
5 50, and in 600 parts of boiling water. The folution 
is colourlefs. It was formerly called turbith mineral ||. |j Founroy, 

25. Sulphat of ammonia and mercury.—This triple Hid. 
fait may be formed by pouring ammonia into a folution 654{ 
of fulphat of mercury. If only a.fmall quantity of am- ^^onia 
monia be ufed, a copious blackiffi precipitate takes andmer- 
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 does not correfpond with what he fays elfewhere. 
(w) Mineralogy, ii. 24. We do not underftand this ftatement. , 
(x) Weftfield, indeed, obtained it; but he miftook it for fulphat of magnefia. 



Partlll. • CHE MI 
Sulphats. is precipitated ; for the triple fait is rendered much 

-v 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, aultere, 
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 products obtained by 
diftilling it are, a little ammonia, azotic gas, a little 
pure mercury, fome fulph'ite of ammonia ; and there re- 

* Founroy, mains yellow fulphat of mercury _ 
ibid. This triple fait may be formed alfo by pouring am- 

monia upon acidulous fulphat of mifcury, or on yellow 
| Ibid. fulphat of mercury f. 

655 26. Sulphat of iilver.—This fait is formed by pour- 
Sulphat of jng fulphunc acid on oxide of lilver. Its crylials are 
filver' 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 tuflgften.—Probably no fuch combi- 

nation is poflible. 
30. Sulphat of molybdenum —Probably impoffible. 
31. Sulphat of uranium—This fait was fir ft 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, and 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 cryftallizable. 

33. Sulphat of tellurium.—When one part of tellu- 
rium is mixed cold in a well-flopped veffel with a hun- 
dred parts of concentrated fulphuric acid, the latter 
gradually affumes 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 difiblves a confider- 
able quantity of tellurium- The folution is tranfparent 
and colourlefs, and is not decompofed by the addition 

$ Khprotl., 0f a larger quantity of water §. 
Philofophical 
Mag. i. So. Sect. II. Of Sulphites. 

Salts compofed of fulphurous acid united refpec- 
tively with alkalies, earths, or oxides, are cdXlt&fulphites. 
Thofe hitherto examined are the following : 

t. Sulphite of potafs.'—This fait was firft formed by 
Stahl; but was firft accurately deferibed by Berthollet, 
Fourcroy, and Vauquelin. 

It may be formed by palling 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. 

J Bergman. 
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Sulphat of 
uranium, 
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Titanium, 

658 
Tellurium. 

659 
Sulphite of 
potafs. 

|j Fourcroy 
and Vauque- 
lin, Nicbol- 
fon't Journ. 
>• 317- 
11bid. 
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When expofed to the air, it efflorefees, becomes Sulphites, 

opaque and hard, and is gradually converted into fulphat l~ " ~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 leparates, 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, filver, 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 lame time fulphurated hydro- 
gen gas is emitted. 

By compound affinity it is decompofed by 
All falls with bafe of foda, except the borat and car- 

bonat ; 
All metallic falts except carbonats ; 
All neutral falts whoie acid has a ftronger affinity 

for potafs than fulphurous acid has *. * Ibid. 
2. Sulphite of foda.—This fait was firft accurately 66a 

deferibed 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 lulphurous. 
It is foluble in four times its weight of cold water, 

but it is more 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 effiorefees, and is flowly con- 

verted into a fulphat. 
When expofed to heat, it undergoes the watery fu- 

fion, and afterwards exhibits preeffely the fame pheno- 
mena as the fulphite of potafs. 

Metallic oxides and falls affeft it precifely as they do 
fulphite of potafs. 

It is decompofed by compound affinity by earbonat 
of potafs, and the other falts which decompofe fulphite 
of potafs f._ _ ^ _ p ib;^ 

3. Sulphite of ammonia.— This fait was firft deferi- 661 
bed by Fourcroy and Vauquelin t. Sulphite of 

It cryftallizes in fix-fided prifms terminated bv fix-®n'moni3, 

fided pyramids. and 
Its taite is cool and penetrating like that of the tin, Nichol. 

other ammoniacal falts, but it leaves a fulphurous im-f0”’1 Journ* 
preffion in the mouth. l 31?* 

It is foluble in its owm 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 wate’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 deferibed fulphites, Sul
6^f(. f 

only it is capable of forming with feveral of them triple barytes! ° 
falls §. ' $ jlij. 

4. Sulphite of barytes. - This fait was firft deferibed 'I Ann-/e 

by Berthollet ][. ^him.ii 57*. 
It is incryftallizable; it has no perceptible tafte ; IndVauq^ 

and is perfectly infoluble in water f. tin. 
It 
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It is compofed of parts of barytes, 39 parts of 

acid, and 2 of water. 
It does not eaiily change into a fulphat by expofure 

to air ; but heat produces this eflfedt *- 
5. Sulphite of lime.—This fait was firft defcribed by 

Part III. 

Sulphite of „ , , 
lime. Berthollet f. 
f Ann de Its cryftals are fix-fided prifms, terminated each by a 

very long pyramid 
It has fcarcely any tafte ; however, when kept long 

Chtm. ibid. 
^ Fourcroy 

§ Ibid. 
664 

/->/. aU^UL *n t^ie roouth, it communicates to the tongue a tafte 
which is mauifeftly fulphurous. 

It is very fparingly foluble in wrater, except with ex- 
cels of acid. 

It is compofed of 47 parts of lime, 48 of fulphurous 
acid, and 5 of water. 

By contact 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 falls 

„ , , . , 6. Sulphite of magnefia.—This fait was firfl defcri- 
niagnefia! bed by Fourcroy and Vauquelin. 

Its cryftals are wdiite 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 wrater, 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 
llowly converted into a fulphat. 

By expofure to heat, it foftens, fwells up, and be- 
comes du&ile like gum; a ftrong heat decompofes it 
altogether. 

It is decompofed by 
Alkaline falls, 
Earthy falls, except thofe of alumina [|. 

7. Sulphite of alumina.—Firft formed by Berthollet. 
It does not cryftallfze, but is converted into a foft 

Sulphke of duftile 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, 
1 and 24 of water, 

f Fourcroy Heat decompofes it 
and Vauqut- g. Sulphite of iron.—It was firft formed by Berthol- 
/WI666 let* 
Sul. bite of Bs cryftals are white, and have but very little of the 
iron. ftyptic tafte of iron falts *. 
* Ann. de Berthollet alfo formed the fulphites of zinc and tin, 
££»*». ii. 38. jjg ha3 not defcribed them. 

Sect. III. Of Nitrats. 

Those falts, in the compofition of which the nitric 
acid forms one ingredient, are called nitrats. 

Nitre t • 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 collected 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 
lin. 

665 

time immemorial. Roger Bacon mentions this fait in Nitrate 
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 fharp, bitterilh, and cooling. 
It is foluble in feven times its weight of water at the 

temperature of 6o°, and in nearly its own weight of 
* Bergmant 

t Mineral. 
H. a;. 

boiling water *. 
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 Kirwan, it is compofed of 41,2 of acid, 46,15 of 
alkali, and 12,65 water f. 

It is not altered by expofure to the air. 
When expofed to a ftrong heat, it melts ; and con- 

geals by cooling into an opaque mafs, which has been 
called mineral cryflal. If the heat be continued, the 
acid is gradually oecompofed and driven off. When 
the folution of nitre is expofed to a boiling heat, part of 
the fait is evaporated along with the water, as Wallerius, 
Kirwan, and Lavoifier, obferved fucceffively. 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. ggg 

No phenomenon has excited the attention of chemi-Reproduc. 
cal philofophers more than the continual reproduction tlon °*n*' 
of nitre in certain places after it had been extracted 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 ffie 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 putrefaftion : 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 left 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 exitts, 
and is aftually 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 on the foil in 
which' they grow t Bouilltn, 

At 
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Nitrats. 

669 
Nitrat of 
Coda. 

At lad by the numerous experiments of feveral French 
philofophers, particularly by thofe of Thouvenel, it was 
Jifcovered that nothing elfe is neceffary for the pro- 
duaion of nitre but a bafis of lime, heat, and an open 
but not too free communication with dry atmofpheric 
air. When thefe circumftances combine, the acid is firft 
formed, and afterwards the alkali makes its appearance. 
How the air furniihes materials for this produaion 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 
fee. It is a difpoling affinity, which, like moft. others 
referred to that Angular clafs, our prefent 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 hypothelis, 
that potafs is compofed of lime and azot, it is this lin- 
gular fa&. 

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 lharp tafte, and is fomewhat more bit- 
ter than nitre. 

It is foluble in about three parts of water at the tem- 
perature of 60S 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 defcribed, Mr Kirwan concludes, that 
it contains 57*65 of acid, and 42,35 of alkali; but per- 
haps the proportion of acid may be fomewhat over-rated, 
as no direfl 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: 

S T R Y. 
Acetite of lime 
- — magnefia, 
 alumina, 
Muriat of barytes, 
   potafs, 
   foda, 

4. Nitrat of barytes. 

Muriat of lime, 
      magnefia, 
    alumina, 
Carbonat of barytes, 

-- potafs, 
foda. 671 

4. inirrai 01 ua.ylCi,. This fait may be formed Jnto 

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 moft 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 cryftallizaticn jjltrat 0f 
fix-fided prifms, terminated by dehedral pyramids, butjj^j^ 
more commonly fmall regular odftahedral needles.' 

It has a lharp bitterilh tafte. 
It is foluble in two parts of cold water, and in its 

own weight of boiling water. _ _ 
Boiling alcohol difiolves 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 100 parts of lime require for faturation 180 
parts of acid j:. # t Miner, it, 

Nitrat of lime deliquefces when expofed to the air. 2^ 
Heat decompofes it like all other nitrats. 
By compound affinity it is decompofed by 

Sulphat of barytes, 
  potafs, 
 alumina, 
Muriat of barytes, 

■ potafs, 

Muriat of ammonia,. 
Acetite of barytes, 
 potafs, 
Carbonat of barytes, 

■.. -   potais. 

670 
SJitrat of 
ammonia. 

3; Nitrat of ammonia. This fait cryftallizes with 
difficulty into regular needles. It was formerly called 
nitrum femivolatile, and nitrum Jlammans. 

It has a lharp, 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- 

* Sirwan. 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 fnewn, 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, 
... .. - ■■■■■ alumina,   — foda, 

Sulphat of barytes, 

     foda,- 
 —  ammonia, 
 alumina, 
Muriat of barytes, 

potafs, 

Acetite of potafs, 
Carbonat of barytes, 
——  potafs, 

    ammonia, 
 ——— alumina, 
 magnefia, 
Tungftat of ammonia $. 5 SclSeTe. 

This fait, firft formed by Dr 673 
Acetite of barytes, 

6. Nitrat of ftrontites. * —,  . - 
Hope, cryftallizes readily, but the cryftals are very irre- 
gular in their fhape: fometimes they;- are hexagonal 
truncated pyramids; fometimes o&ahedrons, confifting 
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 has a ftrong pungent tafte. 

In a dry air it efflorefces, 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. In a 
red heat it boils, and the acid is diffipated. If a com- 
buttible fubftauce be at this time brought into contadl 
with it, a deflagration with a very vivid red flame is 
produced || Hope, 

7. Nitrat of magnefia. The compofition of this fait Tranf Edit. 
was firft afcertained by Dr Black. 6- 

Its cryftals are quadrangular prifms. It has a veryxj^jtr^ 0f 
bitter tafte. It is very foluble in water. Alcohol dif-magnefia. 
folves -j-th of its own weight of it 1 Bergman, 

One hundred parts of magnefia require 255 of nitric11138u 

acid for faturation *. * Kir-watt- 
It deliquefces in the air, according to Bergman; but* 

Dijonval affirms, that he has procured it in cryftals 
which rather efflorefce. 

Ir- 
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Nitrat'# It is decompofed by beat. 

By co npound affinity it is decompofed by 

Nitrat of 
ammonia 
and mag- 
nefia. 

^ Ann.de 
Chim. i if. 
ai.V 
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Nitiat of 
alumina. 

677 
Nitra' of 
j argon ia. 

Sulphat of barytes, 
—  potafs, 
 foda, 
 ammonia, 
 — alumina, 
Muriat of barytes, 
•      potafs, 

foda, 

Muriat of lime, 
Acetite of barytes, 
 potafs, 
 foda, 
   lime, 
Carbonat of barytes, 
 potafs, 
 lime. 

■f Vauque~ 
lin, Ann. de 
Chim. xxii. 
JV9 

678 
Nbrat of 
iron. 

679 
Nitrat of 
zinc. 

8. Nitrat of ammonia and magnefia. This triple fait 
was difcovered by Mr Fourcroy. Into a faturated fo- 
lution of nitrat of magnelia, 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, 525 gi'ains remained combined with 
the acid and the ammonia. He found that 52 grains 
of rnagneiia produced, when faturated with nitric acid, 

'288 grains of nitrat; and that the quantity of nitric 
acid necellary to faturate 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- 
pofed of 288 grains of nitrat of magnelia, and 84 of ni- 
trat of ammonia *. 

9. Nitrat of alumina. This feems to have been hrll 
attended to by Beaume. 

Its cryflals are pyramidal. It has a very aftringent 
tafte. it is foluble in water, and deliquefces in the 
air. 

10. Nitrat of jargonia. This fait may be eafily 
formed by pouring nitric acid on newly precipitated 
jargonia 

It alwavs contains an excefs of acid. By evapora- 
tion a yellow.th tranfparent matter is obtained, exceed- 
ingly tenacious and vifcid, and which dries with diffi- 
culty. It has an aftringent tafte, and leaves on the 
tongue a vifcid matter, owing to its being decompofed 
by the faliva. It is only very fparingly foluble in wa- 
ter ; the greateft part remains under the form of gela- 
tinous and tranfparent flakes. Like all the other falts 
into which jargonia enters, it is decompoied by heat. It 
is decompofed alfo by fulphurie acid, which occaiions a 
white precipitate, foluble in excefs of acid; by carbonat 
of ammonia, which produces a precipitate foluble by 
adding more carbonat ; and by an infuiion of nut-galls 
in alcohol, which produces a white precipitate, foluble 
in an excefs of the infufion ; unlefs the jargonia con- 
tains iron ; in which caie the precipitate is a greydh 
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 reflected light. Gallic acid alio precipi- 
tates nitrat of jargonia oi a greyilh blue, but the co- 
lour is not fo fine. Moft of the other vegetable acids 
decompofe 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 folution, 
which by evaporation may be reduced to a jelly, but 
will not cryftallrze. 

12. Nitrat of zinc. The oxide of zinc combines 
with nitric acid, and forms with it a fait which cryftal- 
lizes in comprelfed and ftriated tetrahedral prifms, termi- 
nated by four-Tided pyramids. 
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Its folution is exceedingly cauftic. When placed on Nitrate 

burning coals it melts and detonates as it dries. It 
can fcarcely be dried without being in fome meafure de- 
compofed. 

It deliquefces in the air *. * Fourcray, 
13. Nitrat of manganefe. This fait, compofed of ,630 

oxide of manganefe and nitric acid, was firft examined Nltr3t 

by Scheele. Its cryftals are fmall and fhining, of amailSaile e- 
very bitter tafte, and foluble in water f. f Scheele cn 

14. Nitrat of cobalt. It is of a pale red colour, and-Ar‘"?JWI5/h 
cryftallizes in needles. It deliquefces when expoied to^.^*^ 
.the air. Heat decompofes it. When nickel is prefect, cobalt 
this fait affumes a green colom\ 682 

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 j;. f Bergman, 

16. Nitrat of lead. Nitric acid combines with theii. a6S. 
white oxide of lead. The cryftals of this fait are of a " 683 
white colour ; their form an irregular octagon, or ra- ^ 
ther truncated hexahedral pyramid. When expofed to 
heat it decrepitates, and melts with a yellowilh flame. 
By compound affinity it is decompofed by 

Muriat of potafs, 
foda, 

Carbonat of foda$. § Bergman^ 
17. Nitrat of tin. Tin is converted into an acid by 

nitric acid : it is not pfobable, therefore, that any per- * 
manent nitrat of tin can be formed. 

18. 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 blue colour. It is exceed- 
ingly cauftic. It melts at 77°i|. |j Sage. 

It is deliquefcent in a moift air, but in a dry place is 
covered with a green effiorefcence. It is very foluble in 
water. Heat decompofes it. 686 

19. Nitrat of bifmuth. This fait cryftallizes in va-Ofbifmuth, 
rious forms. Fourcroy obtained it in flattened rhom- 
boids. It efflorefces in the air. Water decompofes it. 
It detonates in the fire. ^ 

20. Nitrat of antimony. Little is known concern-ofautimo- 
ing this fait, except that it is very deliquefcent, and isny, 
decompofed by heat. ^88 

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 forrnefl by qj nJfrcu>> 
diffolving mercury in nitric acid. It cryftaliizes 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 attra&s oxygen from the acid, 
which flies off in the form of nitrous gas, and red oxide 
of mercury remains behind. 

It is flowly decompofed alfo in the air. It is decom- 
pofed by compound affinity by 

Sulphat of copper, and a great many other fulphats, 
Phofphat of foda, 
Borax. _ 690 
23. Nitrat of ammonia and mercury. This triple Of ammo- 

falt may be formed by pouring ammonia into a folution ma 
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If only enough of ammonia to 
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Nitrat of 
filver. 
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u—“V—* faturate the acid be tifed, the triple fait precipitates in 
the form of a white powder ; but with an excefs of am- 
monia it remains, dilfolved, and forms by evaporation 
very bright polyhedral cryftals. 

It has a very lharp tafte. It is foluble in 1200 parts 
of water at the temperature of 550. 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 analyfis, 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 filver. This fait may be formed by 
Cbim. xiv. difiblving filver in nitric acid. 

It forms flat tranfparent cryftals compofed of needles. 
It is exceedingly cauftic. When melted it forms a grey 
mafs called lapis tnfernalis, from its great corrolivenefs. 

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- 

, tt, , yellow colour. The largeft were 4ths of an inch in \ Klaproth, length and 4th in breadth +. 

Pbyf.xxzMYi. Nitrat ox titanium. It is capable of cryftallizing. 
i_j8 27* Nitrat of tellurium. The folution of tellurium 

693 in nitric acid is tranfparent and colourlefs. When con- 
I Itanium, centrated, tt produces in time fmall white light cryftals 

Tellurium. *n t^e form needles, which exhibit a dendritic ag- 
t Klaproth, gregation J. 
Phil. Mag. 
i, 80. Sect. IV. Of Nitrites. 

The falls which the nitrous acid forms with alkalies,, 
earths, and metallic oxides, are denominated nitrites. 
Very few of them have been examined ; we fhall not 
therefore attempt a defeription of them. 

Sect. V. Of Muriats. 
Salts into which the muriatic acid enters are called 

muriats. 
Mimac of MuvJat of Potafs- This fait was formerly called 
potafs. febrifuge or digeflhsefait of Sylvius, and regeneratedfea fait. 

Its cryftals are cubes, but rather irregular. 
It has a difagreeable bitter tafte. Its fpecific gravi- 

4 Kir-wan. 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 boilin? 
H Bergman. water ||. 

0 6 

It is compofed, according to Bergman, of 31 parts 
of acid, 6 r of potafs, and 8 of water. Kirwan has 

» v- , founfl to contain 36 of acid, 46 of alkali, and 18 of l K,rwanrwatev -r, 
(Vl m oval r sr* 

It niifers little 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 falls decompofe it by compound affinity: 

Sulphat of foda, Nitrat of ammonia, 
 ammonia,   magnefia, 
—; alumina, ■ alumina, 
Nitrat of foda, lead. 
    lime, 

Sufpl. Vol. I. Part I, 

Mineral. 
U. 30, 

1 S T U Y. 36(j 

2. Muriat of foda, common or fea fait. This fait Muriau. 
has been known, and in common ufe, from the earlieft ' v— -* 
ages. It is fometimes called alfoy«/Mu''6 

Its cryftals are cubes, but they often aflume other fbda?^ ° 
forms. Its fpecific gravity is 2,120*. * Kir-wan. 

Its tafte is univerfally known, and is what is ftri£tly 
fpeaking denominated fall. 

It is foluble in 2-j-Y 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 alkali, and 25 of water. 

It is not affedted 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 falls decompofe it by compound affi- 
nity : * Fuels, 

Sulphat of ammonia, Nitrat of filver §, ^"n'de . 
alumina, Acetite of barytes, 19™' VU 

 potafs *, Pyrolignite of barytes ||,t Bullen, 
— iron f, lea(j ||} ibid. xi. 
Nitrat of ammonia, Carbonat of potafs (a), 
 magnefia, Alum (l), W | 
 alumina, Red oxide of lead (r). ft Mor-veau. 

 — lead Ann.de 
That the red oxide of lead decompofes this fait is a x'x- 

well known fadt, and it has been confidered as contrary (3,) Bereman 
to the laws of affinity. Mr HafTenfratz endeavoured to (£) Crell, 
account for it by luppoling that the oxide is combined 
with carbonic acid, and that therefore it is a cafe ofxxvi’ 
compound affinity. Mr Curaudau has proved that car- u)'sdeele. 
bonic acid, inftead of promoting, impedes the decom- 697 
pofition ; and that, in fadl, carbonat of lead is inca- How de- 
pable of decompofing muriat of foda. He concludes, comPofe(l 
therefore, that the phenomenon cannot be accounted ofield0*^ 
for by the commonly received laws of affinity* We* Ann.de 
cannot, however, think that the phenomenon is fo Chim. xiv. 
unaccountable as Mr Curaudau fuppofes : for muriatic 
acid is capable of decompolitig the red oxide of lead, of 
combining 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 ftrongefl 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 v, 
was known to the ancients, and was called by them /a/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 xxxI' 
vidual cryftals are long hexahedral pyramids. Its fpe-v ?'„See 

cine gravity is 1,420 •'^wa- 
it has an acrid, poignant, urinous tafte. \ Kirwam 
It diffolves in about three times its weight of water 

at the temperature of 6o°, and in a much fmaller quan- 
tity 01 boiling water. ^ 

It is compofed, according to Kirwan, of 35 parts of 
acid, 30 of alkali, and 45 of water $. . , 

I” its common form (which is an opaque mafs) it isht'rT' 
not affected by the air, but its cryilals are liable to de- 34. 
Iiquefce. 

3 A Heat 
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Heat volatilizes without decompofing it. 
The following falts decompofe it by compound affi. 

nity : 
Sulphat of alumina, 
Nitrat of foda, 
  lead, 
Acetite of barytes, 
      potafs, 
    foda, 

lime, 

Acetite of magnefia, 
      alumina, 
— lead, 
Carbonat of barytes, 

potafs, 
magnefia(y) 

p. 41. 
699 

Munat of 
baryces, 

When this fait is fublimed with gold leaf, there Is 
found in the neck of the retort an amethyil 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 

• Storr, capable of oxidating gold *• c , r , 
Cre/l’s New 4. Muriat of barytes. This fait was firft defcubed 
Difcoveries, gy Bergman, but it has been moil particularly attended 
&c. Partii. ^ -pjr Qrawford, 

It affords oblong fquare cryftals. 
It has an unpleafant aftringent taffe.. 
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’ *n 

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 it by compound affi- 
nity (a) : 

Sulphat of foda 
  ammonia, 
  magnefia, 

alumina, 

I S T R Y. Part III. 
It very fpeedily deliquefces when expofed to the air. Muriats. 
By heat it melts into a very hard vitreform fub- 

fiance. 
The following falts decompofe it by compound affi- 

nity : 
Carbonat of potafs, 
  foda, 
—  ammonia*, * Bergman, 
 — barytes, 
- ■  magnefia, 

alumina, 

Sulphat of foda, 
ammonia, 
magnefia, 
alumina, 

Nitrat of foda, 
— ammonia, 
  magnefia, Acetite of barytes, 

alumina, potals, 
foda. 704 

Nitrat of lime, 
  ammonia, 
 magnefia, 

alumina, 

4 Dr Pear- 
Jon. 
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Phofphat of lime f. Nitrat of foda, . . 
5. Muriat of ammonia and barytes. This triple fait 

was firft difcovered 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 if. r . „ , 

6. Muriat of lime. This fait was formerly called 
7Ui jixed ammoniac, becaufe. it. was commonly obtained by 

Muriat of decompofing fal ammoniac by means of lime, 
lime, jts cryftals are four-fided floated prifms, terminated 

by a very fharp pyramid ; but it is not eafily cryftal- 
lized. 

Its tafte is very bitter. 
It is foluble in about parts of cold water, and in 

lefs than its own weight of boiling water. Alcohol 
diffolves its own weight of it. 

According to Bergman, it is compofed of 31 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 ftrontites. This fait was firft formed Muriat of 
by Dr Hope. Its cryftals are very long, {lender, hexa-ftrontites, 
gonal prifms. It has a peculiar, fharp, penetrating 
tafte. 

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 deliquefce. 

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 folutiou 
in water. That acid, therefore, has a ftronger affinity 
for water than the fait has f. t #*/«» . 

8. Muriat of magnefia. This fait abounds in fea^W- 
water. 703 

It is not eafily cryftallized. Bergman’s method was Muriat of 
to evaporate it by a confiderable heat to the proper de-magndia, 
gree of concentration, and then to expofe it to a bid- 
den cold. By this method he obtained it in fmall 
needles J I. Bergmanr 

It has a very bitter tafte. It is foluble in its ownu 383- 
weight of water §, and in five parts of alcohol |j. § Fourcroy, 

A faturated folution of it quickly forms a jelly ; on j| BcrSmant 
which if hot water be poured fpongy maffes are formed11- 383- 
not even foluble in muriatic acid f. % Bergman, 

It is compofed, according to Bergman, of 34 parts'^- 
of acid, 41 of earth, and 25 of water. According to 
Kirwan, 100 parts of magnefia require for iaturation 
104,275 of acid *. _ */r^. 

it deliquefces very fpeedily when expofed to the ra'b'i * 
air. _ . 5 , 

A ftrong heat deeompofes it. When dried in a high 
temperature, it is very cauftic f. _ \ W»flrum 

The following fubftances decompofe it by compound^**.* 
affinity : 

Sulphat of foda, 
 ammonia, 
 alumina* 
Nitrat of ammonia, 

Acetite of potafs, 
  —— foda, 
   filver 

Chim. 11. 
i35- 

I BerginaB* 

Carbonat 

(y) Only at the common temperature. At a high temperature carbonat of ammonia decompofe.muriat of 

Berg^nTafS ttiSJLo ‘ pofed all the-fulphats, and propofed it therefore as --in means 
of difcovering the prefence of fulphimc acid, however combined m any folufon ; for the Wphat of banites 'S J 
moil entirely infokble in water. But Mr Piflis has obferved, that it does not deeompofe fulphat of lime nor ot 
potafs. See Ann. de Chim. xv. 317. 
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9, Muriat of ammonia and magnefia. This triple 
fait was firft mentioned, we believe, by Bergman. It 
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 *. 

to. Muriat of alumina.—This fait cryftallizes with 
difficulty. It has an aftringent tafte. 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 

37* 
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Nitrat of ammonia, 
Acetite of barytes, 
 potafs, 
 —— foda, 

lime, 

Acetite of magnefia, 
Carbonat of barytes, 
 potafs, 
 foda, 

ammonia. 
11. 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 confiftence, and refembling 
a jelly. Thefe cryftals, when expofed to the air, gra- 
dually lofe their tranfparency, and diminilh in volume, 
and there are formed in the middle of the fait white 
filky needle-ftiaped 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 
depofited : if the evaporation be flopped before the mafs 
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- 
ilh 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, 

I $ 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 effervefeence ; the liquor 
becomes milky, and in a few days becomes a white fe- 
mitranfparent 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 *. *Vauquelin 

12. Muriat of iron.—Muriatic acid forms with the Ann. dc ’ 
green oxide of iron a fait which cryftallizes in flatCh,m xxii* 
needles, When expofed to the air, they deliquefce, aoi‘ 
and the green oxide attradls oxygen, and is gradually vjql-... 
converted into a brown oxide. Heat decompofes this iron 
falt‘ .... 7c8 13. Muriat of zinc.—This fait, procured by diffol-Muriat of 
ving zinc or its oxide in muriatic acid, does not cryftul-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 attrafts moifture in the air. 7o9 

14. Muriat of manganefe.—Muriatic acid diffolves Muriat of 
the white oxide of manganefe. Its folution affords by niantfanefe» 
evaporation angular fliining cryftals f : They are deli.?n 

quefcent and foluble in alcohol j KinwaJs 
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. 7it 

16. Muriat of nickel.—This fait is deliquefcent, and 
lofes its acid when expofed to the air <J. q 

17. Muriat of lead.—Muriatic acid combines with ' 712 
oxide of lead eafily enough : but this fait is more readi- Lead, 
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 of filver ||, 
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 ihaped 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, lil- 

3 2 ver, 

Bergman' 
7l3 

Tin, 

(y) Only at a high temperature. See Murial oj Jmmonia, 
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§ Bergman, 
719 

Muriat of 
ammonia 
and mer- 
cury, 

Jl Fourcroy, 
Ann de 
Cbim. xiv. 
47- 

72O 
Muriat of 
lilver. 

7*1 
Muriat of 
titanium. 

ver, and gold; and by that means is converted into oxy- 
muriat of tin. It even abforbs oxygen when expofed 
to the air *. Thefe compofitions are doubtlefs produ- 
ced 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 aifringent and cauftic tafle. 
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 decompofed by nitrat of filverf. 
20. Muriat of bifmuth.—This fait cryilallizes with 

difficulty. By fublimation it forms a foft fulible fub- 
llance, 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 
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 folia- 
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. 
This fait was formerly called white 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 fulphat of ammonia . 
24. Muriat of ammonia and mercury.—This triple 

fait was fir ft difcovered by Fourcroy. It may be form- 
ed by pouring ammonia into a folution of corrohve mu- 
riat of mercury. It has the appearance of a white 
powder. Its tafte is at fir ft earthy, afterwards metallic. 
It ismearly infoluble in water. According to Fourcroy’s 
analyfis, it is compofed of 81 parts of oxide of mercury, 
16 of muriatic acid, and 3 of ammonia. 

Heat 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 lilvei ; 
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 luna cornea. A long continued heat de- 
compofes it. This fait is very cauftic : it is employed 
as an efcharotic under the name of lunar caujlic. 

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. 

Part HI. 
1. Oxy-muriat of potafs.—This Singular fait was dif- Oxy-mu, 

covered by Mr Berthollet in 1786. It may be formed mt!!- 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 fir ft obtained : When it isriat ot pot» 
feparated, and the liquor allowed to- cool, oxy-muriata^» 
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 24-parts of boiling water *. It does not * Boyle, 
deliquefce in the air; but light converts it into com- Niddfin't 
mon muriat by feparating oxygen. When heated, it 1U 

melts, and gives out oxygen gas ; and this is the heft 
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. \ Ibid,. 

When mixed with charcoal, iron, and many other 
combuftibles, and heated, it detonates with aftonifhing 
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 Fffons 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 fulphur,. 
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. The 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<fts merely by bring- 
ing the particles which comoine within the fphere of 
each others attraftion. 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 deliquefi 
cent to be ufed. _ .... 

q. Oxy-muriat of ammonia.—This combination is im- 
poffible. * The oxy-muriatic acid and ammonia decom- 
pofe each other. 724 

4. Oxy-muriat of barytes. 1 Thefe falts were dif-Oxy-mu- 
e lime. V covered by Bertholletnat of ba* 
6.   magnefia. J alfo. They all poftefs^^™6* 

the property of detonating with cornbuftibles, and of 
being reduced by that means to the ftate of common 
muriats. Mr Tennant nas 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 we 
can learn, it anfwers the purpofe remarkably well (z). 7as 

7. Oxy-muriat of mercury.—This fait was formerly Oxy-mu- 
called corrofive fublimate, and afterwards corroffve muriat of mer- J 0/

cury. 

(z) We have been informed, that this fait had been ufed by bleachers in Scotland feme years before Mr Ten- 
nant propofed it. 
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Oxy-mu- of mercury. Berthollet firft pointed out the nature of 
riat«. its compofition. 

This fait was mentioned by Rhafes in the 10th 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 lhall 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 (En- 

» eycl. n° 815.) 
It may be prepared by diftblving mercury in a fuffi- 

cient quantity of oxy-muriatic acid, or by diftblving red 
oxide of mercury in common muriatic acid. 

When carefully cryftallized, this fait affiimes the 
form of cubes or oblique parallelopipeds, or rather qua- 
drangular prifms, with ftdes 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 

* Sfulman. temperature of 500*. Boiling water, according to Mac- 
quer, diftblves half its weight of it. Alcohol, at the 
temperature of yo0,- diflblves -|ths of its weight of this 

f Macjuer. fait f . 
It does not attract moifture from the air. 
It is foluble in fulphuric, nitric, and muriatic acids. 
When triturated with -jths of its weight of mercury 

and a little water, and then fublimed, it forms a white 
in lipid fait, called formerly calomel or f<weet 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 
corrolive muriat of mercury '];. 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, 
Moft metals. 

8. Oxy-muriat of tin. When an amalgam of tin is 

} Ann. d» 
Clim. i. I. 
and xii. 
225. 

716 
Oxy-mu- 
riat of tin 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 pafles over a thick 
white fmoke, which condenfes into a colourlefs liquor 
that emits copious fumes, and has been called, in con- 
fequence, fmoking liquor of Libavius. This liquor was 
examined by Mr Adet. He found, that when about 
-5-d part of water was added to this liquor, it ceafed to 
fume, and aftumed 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 diflblving, and therefore of 
oxidating more tin, without the emiflion of any hydro- 
gen, and confequeritly without the decompofition of 
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water } he concluded from this, that it was compofed of Phofphats. 
oxy-muriatic acid and tin *. This has been completely ffffffff* 
proved by Mr Pelletier, who found that when oxide of c}Am^ j ^ 
tin was combined with oxy-muriatic acid, it formed a 
compound precifely the fame with the fmoking liquor 
of Libavius f. t /tnn- & 

This fait may be prepared, as Pelletier has proved, cbim‘ 
by diflblving tin in muriatic acid, and then faturating it2as* 
with oxy-muriatic acid gas. 

It is ufed in dyeing. 7^7 
9. Oxy-muriat of iron. This fait is deliquefeent ;Oxy-mu- 

colourlefs ; of a pure bitter tafte, without any of the nat of iron, 
fweet aftringency of the common falls of iron f Lambe, 

Few of the other oxy-muriats have been hitherto zx- Mancbejler 
amined with attention: Many of the metals, indeed,ikr,rzs-v» 
have been difiblved in aqua-regia ; but in moft of thefe 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 falls, into which phofphoric acid enters as 
an ingredient, are called phofphats. This clafs of ialts 
was firft difeovered by Margraf. 

1. Phofphat of potafs. This fait cryftallizes in ftiort Phofphat 
tetrahedral prifms, terminated by quadrangular pyra-Potafs» 
mids. 

It is very foluble in cold water, and ftill more fo in 
hoi 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 falls decompofe it by compound affi- 
nity : 

Sulphat of lime, Muriat of mercury, 
Nitrat of mercury, Acetite of lead. 

2. Phofphat of foda.—Dr Pearfon, who firft formed phofphat 
this fait, gives the following procefs for preparing it : of foda, 

Diflblve in a long-necked matrafs 1400 grains of cry- 
ftallized carbonat of foda in 2100 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 veffel. 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 has obtained from 1450 to 1550 grains ofi 
cryftals. 

Its cryftals are rhomboidal prifms, of which the acute 
angles are 6o3, and the obtufe angles 120°, terminated 
by a three-fided pyramid. 

Its tafte is almoft the fame with that of common fait. 
It is foluble in water. When expofed to the air it 

efflorefees. 
This fait has 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 had ufually been obferved, in 1737. 
Haupt defcribed it in 1740 under the name of fal mi* 

rabile 

(a) If we liften to Junker, the ancients applied the name mercurium to this fait; mercury they called arget> 
turn vivum. 
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rahile ferlahitn, or wonderful ferfated fah. It was call- 
ed perlated from the grey, opaque, pearl-like colour 
which it a (Turned when melted by the blow-pipe. Mar- 
.graf defcribed it in 174^ and found it would not yield 
phofphorua when treated with charcoal, as the other 
falts of urine did. Rouelle the Younger analyfed it in 
{776, and concluded from his experiments that it was 
a compound of phofphoric acid and foda; but Mr 
Pronll, 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- 
ftance, which Mr Proud aftually 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 phof- 
phoric acid, or acidulous phofphat of foda. 

3. Phofphat of ammonia.—This fait forms oblong-\ 
pointed crydals, or, as Mr Lavoider affirms, crydala 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 excels of alkali. 

Microcofmic fait, or fait of urine, is merely a mixture 
of thefe two lad defcribed falts. 

4. Phofphat of barytes.—This fait is infoluble in 
water *. 

5. Phofphat of lime.—This fait is taftelefs, and ai- 
med perfedfly infoluble in water. It forms the bads 
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 potafs 
— 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 magneda.—This fait does not cry- 
dallize except with excefs of acid, and then the cry. 
dais are very fmall. Somewhat longer crydals may be 
formed by dropping phofphoric acid into acetite of mag- 
neda. 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 fubdance *. 

8. 'Phofphat of alumina—This is a faline powder, 
infoluble in water. DifTolved in phofphoric acid, it 
yields a gritty powder, and a gummy folution, which 
by heat is converted into a tranfparent glafs. 

9. Phofphat of iron.—This fait is merely a dry ad- 
hedve 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, 

IC. Phofphat of zinc.—It does not cryftallize, but 
when evaporated becomes a gummy mafo, which may 
be melted into a tranfparent glafs 

n. Phofphat of manganefe.—The folution of the 
oxide of manganefe in phofphoric acid is reddiffi, but 
becomes white on expofure to the air. 

12 Phofphat of nickel.—It is greenilh, and does not 
cryftallize §. 
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13. Phofphat of arfenic.—It cryftallizes in fmall Bor&ts. 

grains hardly foluble in water *. v v—J 
14. Phofphat of uranium.—Firft formed bv Klao-^r74? . 

Of arfen.c, roth. It does not cryitallize, but adumes the appear-* Bergman 
ance of yellowiffi white flakes, difficultly foluble inn. 190. ’ 
water. 741 

15. Phofphat of antimony and lime.—Dr Pearfon ura’ 
has difeovered, that the well known medicine called -4’z 
'James's Powder is a triple fait, compofed of phofphoric James’s 
acid, oxide of antimony, and lime. It is very infoluble Powden 
in water* 

The remaining phofphats are fcarcely known. 

Sect. VIII. Of Borats. 

The compounds into which the boracic acid enters 
are called borats. ^ 

1. Borat of potafs.—This fait, formed by combining Borat of 
boracic acid and potafs, is very little known. BaronPotafsi 
firft formed it. Borat of potafs cryftallizes, is foluble 
in water, and may be melted into a vitreous mafs, fo- 
luble in water. 

2. Borat of foda or borax.—This fait is brought Of foda3 
from the Eaft Indies in an impure ftate under the name 
of tinhal. When purified in Europe, it takes the name 
of borax. 

Its cryftals are hexangular prifms, of wdiich two fides 
are much broader than the remainder, terminated by 
triangular pyramids. It is of a white colour. Its fpe- 
cific gravity is 1,740. 

Its tafte is ftyptic and alkaline. 
It is foluble in 18 times its weight of water of the 

temperature of 60°, 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 
{lightly. 

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, 
{fill foluble in water. 

By compound affinity it is decompofed by 
Nitrat of mercury f. < j Bergman. 

When two pieces of borax are ftruek together in the 
dark, a flafh of light is emitted J. j Auum 

Borax has the property of facilitating the fufion oiNicbolfon's 
a great number of bodies. This property renders [tjournal, \L 
ufeful in glafs-making, in aflaying ores, and in folder-4^* 
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 cryftals are polyhedral pyramids. 
It has a poignant urinous tafte, and turns fyrup of 

violets green. It difiblves readily enough in water. - , 
When expofed to the air, it gradually lofes its cryftal- cbendjiry, * 
line form and becomes brown §. Part 11. 

4. Borat ch. 4. 
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Borats. 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 

375 
Fluatf. 

*^°tevr of violets green rranf.EJm. r ^ 7. Borat of magnefia.—It aflumes the appearance of 
fmall irregular cry Hals. It is foluble in acetous and for- 
mic acids. Alcohol decompofes it. It melts eaiily in 
the fire without being decompofed f. 

8. Borat of alumina.—It does not cryllallize, and is 
fcarcely foluble in water. 

9. Borat of iron Its cryflals 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 biuilh grey flag is produced. 
This, by lixiviation and evaporation, yields cryflals of 
a reddifh white colour and ramified form §. 

12. Borat of nickel.—A faline fubflance difficultly 
foluble II* 

13. 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 

14. Borat of tin.—When equal parts of boracic acid 
and tin filings are melted together, the product diffol- 
ved in water yields by evaporation tranfparent white 
polygonous cryitals. 

I 5. Borat of copper.—When borax is poured into a 
folution of fulphat of copper, borat of copper is preci- 
pitated in the form of apale light green jelly, which when 
dried is with great difficulty foluble in water. It eafily 

*'Bergman. melts into a dark red vitreous fubflance*. According 
to Palm, by long trituration of filings of copper and 
boracic acid in water, and then digetting the mixture, 
it diffolves, and cryflals may be obtained from it. 

16. Borat of bifmuth. —A white powder, which 
melts into a white tranfparent permanent glafs U 

17. Borat of arfenic.—White oxide of arfenic and 
boracic acid form a fait foluble in water and cryftal- 
lizable 

Sect. IX. Of Fluafs. 

Those falls into which fluoric acid enters are called 
finals. They were firfl formed by Scheele. 

x. Fluat of potafs. It forms a gelatinous mafs al- 
moft without tafle. 

It diffolves readily in water. When expofed to the 
l Scheele on fire it melts without any ebulition $ — 11*1 -. — fVx A n nPklQ 
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2. Fluat of foda- This, fait refembles exactly the 
fluat of potafs ]|;. 

3. Fluat of ammonia. It cryftallizes in fmall prifms. 
It is deliquefcent, and is partly decompofed by heat^J. 

It is decompofed by 
Nitrat of mercury, 
—  — filver, 
  lead. 

Biiy.v.,, 4* Tluat of barytes. A powder which requires a 
* Bergman. large quantity of water to di-flblve it *. 

.763 5. 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. 

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- 

phorefcent ; but it lofes this quality altogether if it be 
heated red hot. 

6. Fluat of flrontites. 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 fpon- 
taneous evaporation, it forms hexagonal prifms, termi- 
nated by a low pyramid cornpofed of three rhomboidal 
fides. 

Thefe cryllals are hardly foluble in water. Alcohol 
difiolves a fmall portion of them. Heat does not de- 
compofe them *. 

8. Fluat of alumina. A faline mafs; which is fweet* 
ilh, clammy, and gelatinous. 

9. Fluat of filica. Little is known concerning this 
lingular combination, except that it can exift in a ga- 
feous form, and/that it depofites filica in cryftals after a 
certain time. 

1 o. 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 liquorftlicum\. 

11. Fluat of iron. It is incryllallizable ; 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 fluat 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. 
Fluat of nickel- It affords green cryftals, 
Fluat of lead. A fweet tailed powder. 
Fluat of tin. A naufeous tafted jelly. 
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 Car-bonats. 

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 fatu- Ca/honae - 
rating potafs with carbonic acid, which is bell done byofpotafs. 
expofing a folution of potafs for a confiderable time to 
carbonic acid gas. 

It cryftallizes, according to Bergma-n, in quadrangular 
prifms ; the apexes of which are compofcd of two in- 
verted triangles, converging like the roof of a houfe |j. || Bergman 
According, to Pelletier they are tetrahedral rhomboidal 
prifms, with dihedral fummits. The complete cryftal 
has eight faces, two hexagons, two redangles, and four 
rhombs f«. d* 1 Cbim. . 
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Carbonats. It ha§ Bn alkaline, Vmt not a cauflic tafte, 
' It is foluble at the common temperature in about * Bergman, £our ^{mes {^g weight in water *. Boiling water dii- 

Pelletier, folves ^ths of its weight f. Alcohol, even when hot, 
does not difTolve above ttso Part3 it. 

According to Bergman, it is compofed of 48 parts of 
petals, 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 

I Pd. 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 

S T R Y. Parent, 
cold water. Hot water diffolves ita own weight of it. Carbonats. 

According to Bergman it is compofed of 43 parts of J 

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 

Sulphat of lime, 
 barytes, 
■ "    foda, 
  ■— ammonia, 
      magnelia, 

alumina. 

§ ’Btrgn 
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Muriat of barytes, 
 ammonia, 
 — lime, 
  magnefia, 

alumina. 

Sulphat of alumina, 
Nitrat of lime, 
Muriat of lime, 
 magnefia, 
- — alumina, 

4. Carbonat of barytes. 

Acetite of barytes, 
  lime, 
 magnefia, 

alumina. 
77t 

found Carbonat 
of barytes, 

Nitrat of barytes, 
  foda, 
   ammonia, 
  magnefia, 
 alumina, 
Acetite of barytes, 
 ... lime, 
 ammonia, 
 magneha, 
   alumina, 
Oxy-muriat of mercury, 
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 cry Hals are five-fided prifms, with one of the an- 
gles frequently truncated, furmounted by dihedral pyra- 
mids with rhomboidal faces. 

Its talie 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 efflorefees when expofed to the air. Heat is inca- 

5 Bergman, bye Qf decompofmg it completely f. 
i- iS. qqie following falts decompofe it by compound affi- 

nity : 
Sulphat of ammonia, 
    barytes, 
     lime, 

$ Bergman.     magnefia^, 
  alumina. 

This fait has been 
native. 

Its cryftals have been obferved to affiime four diffe- 
rent forms; double fix-fided and double four-lided py- 
ramids, fix-fxded columns terminated by a pyramid with 
the fame number of faces, and fmall radiated cryftals 

an inch in length, and very thin, appearing to be 
hexagonal prifms, rounded towards the point. 

Cold water diffolves part, and boiling water 
TT

,
5.T part of this fait. Water faturated with carbonic 

acid diffolves -gy^th part*. * Feurcroy, 
According to Dr Withering, who firft difeovered \\.Ann.de 

native, it is compofed of 80 parts of barytes and 20 iv. 
acid. Bergman informs us, that artificial carbonat is 4‘ 
compofed of 7 parts of acid, 28 of water, and 65 of 
earth -)-. _ f Bergman, 

It is not altered by expofure to the air. i. *1. 
It is decompofed by the application of a very violent 

heatj. _ \ Dr Hope. 
By compound affinity it is decompofed by the fol- 

lowing falts : 
Nitrat of alumina, 
Muriat of lime, 
 ammonia, 
 magnefia, 

alumina, 

Sulphat of foda, 
     lime, 
  ——— ammonia, 
  magnefia, 

alumina. 
Nitrat of foda, 
    lime, 
.—  — ammonia, 
 magnefia, 

5. Carbonat of lime. 

Acetite of lime, 
magnefia, 
alumina. 

77a 
the Carbonat 

Nitrat of ammonia, 
 magnefia, 
 alumina, 
.— lead*, 
Phofphat of lime f. 

j. Cai'bonat of ammonia. This fait forms octahe- 
dral cryftals, having for the moft part 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 

This fubftance, under 
names of marble, chalk, lime-ftone, &c. exifts in greatot ilQie* 
abundance in nature, varioufly mixed with other bodies. 

Whew pure, it is of a w hite colour, and has very 
little tafte. 

It is infoluble in pure water; but water faturated with 
carbonic acid diffolves ttVo^ Part of it ; from this folu- 
tion it gradually precipitates as the acid leaves it in 
the form of fmall rhomboidal cryftals $. 5 Bergman, 

It is compofed, according to Bergman, of jjq 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 mcreafed : 
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 

6. Carbonat of ftrontites. This fait, which was firft Carbonat 
examined by Dr Hope, is infipid, and foluble in i536offtron- 

partstlte8’ 
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Carbonats. parts of boiling water. It is eompofed of 30,2 parts of 
    acid, 69,8 of ftrontites. A violent heat decompofes it *. 
^ranLEdin 1' Carbonat of magnefia. This fait may be formed 

by faturating the common magnefia of the (hops with 
774 carbonic acid gas. 

Carbonat of jt diflblves in water faturated with carbonic acid; 
magne u. an^ forms fry evaporation cryftals, which are tranfparent 

hexagonal prifms, terminated by a hexagonal plane ; 
thefe are partly in groups and partly folitary : their 

f BK*;«/'yKr length is about fix lines, their breadth two •f. They 
laMagnefte. were difcovered byr Mr Butini of Geneva. 

Water at the temperature of 50 diifolves part of 
4 Founroy, ‘ts weigbt of this fait J. When in the ftate of powder, 
Ann.de ’ and of courfe deprived of its water of cryftallization, it 

is much more infbluble ; 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 
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Quantity of lofs by driving off the gas by folution Acetites. 
according to Wenzel: ——y——j 

Zinc, - 
Iron, ... 
Cobalt, ... 

Cbim. ii 
298. 
| Butini 

1| Fourcroy, Powder (| 
ibid. 

Id. ibid. 
When heated, it decrepitates, falls into powder, and 

is decompofed <|f. 
The following falls decompofe it by compound affi- 

nity : 

„ 775 
Carbonat of 
alumina. 

Sulphat of lime, 
 ammonia, 
 alumina, 

8. Carbonat of alumina. 

Nitrat of lime, 
Muriat of lime, 
Acetite of lime. 

Carbonic acid is capable of 

Bergman, 
i, ai. 

776 

Metallic 
carbonats. 
f Bergman, 
i. 33- 

* Ibid. 

difiblving 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 
drive off the carbonic acid *. It cannot be doubted, 
then, that there may be produced a carbonat of alumi- 
na; but the fait has never been examined with accuracy. 

9. Carbonat of iron. Water faturated with carbo- 
nic. acid diffolves part of its weight of iron, 
which gradually precipitates by expofure to the airf. 
Ruft of iron is a kind of carbonat, at leaf! it always 
contains carbonic acid. 

10. Carbonat of zinc. Zinc is copioufly diifolved 
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 deferibe 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 

Carb. of Soda. 
100 parts of Weight. 

Oxide of zinc, ... 100,930 
iron, - - 100,250 
manganefe, - 100,800 
cobalt, - - 100,600 
nickel, - - 100,350 
lead, - - - 100,320 
tin, ... 100,310 
copper, - . 100,940 
bifmuth, - 100,300 
antimony, - 100,400 
mercury, - 100,100 
filver, - - 100,290 
gold, - - - 100,060 

Suppl. Vol.I. Part I, 

Carb. of Po'afs. 
W eight. 
100,774 
100,863 

100,304 
100,345 
100,884 
100,224 
i0°,395 
100,062 
100,288 
100,326 

Lead, 
Tin, 
Copper, 
Bifmuth, 
Antimony, 
Mercury, 
Silver, 
Gold, 

°»I37 
0,009 
°>352 

°>l57 
0,000 
0,174 
0,056 
0,000 
0,038 
0,158 
0,144 

Thefe determinations differ too widely from each 
other to be exa6I. It is obvious that patt of the weight 
muff be owing to adhering water, and very probably 
triple falts are formed, which muff 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 anyreafon, to have been acquainted witheotafs« 
this fait, becaufe he recommends a mixture of vinegar 
and vine afhes as a cure for a particular fpecies of tu- 
mor*. It was fir ft clearly deferibed by Raymond Lully. * P!iitii,l. 
It has received a great number of names; as, for in-xxiii./>^» 
ftance, arcanum tartari, fecret foliated earth of tartar, ef.

m,um' 
fential fait of wine, regenerated tartar, diuretic fait, digef 
tive fait of Sylvius. 

Its cryftals are very white, and affume the form of 
thin plates. 

It has a fharp warm tafte. 
It is foluble in about ten times its weight of water at 

the temperature of 6o°‘|*. It is foluble alfo in alcohol, f 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 $. , 0„ 

W nen expofed to the air it is very deliquefeent.i- Add, p. 8. 
When heated, it melts as readily as wax 5 and if a very 
ftrong heat be applied, the acid is decompofed. 

# The following falts decompofe it by compound affi- 
nity ; 

Nitrat of ammonia, 
  — magnefia, 
 alumina, 
 bifmuth, 

Sulphat of foda, 
lime, 
ammonia, 
magnefia, 
alumina, 

Nitrat of foda, 
lime, 

—  mercury, 
Muriat of ammonia, 

alumina. 
2. Acetite of foda. This fait was firft deferibed bv Ac«ite of 

Mr Baron. 7 foda. 
Its cryftals are ftriated prifms, not unlike thofe of 

iulphat of foda. 
It has a ftrarp tafte, approaching to bitter. 
It is foluble in 2,86 parts of water at the tempera- 

ture of 6o° 5. r . _ 
According to Wenzel, 440 parts of acetous acid re-*^- 

quire for faturation ryy^ths of foda. 
It is not affe&ed by expofure to the air. 
When heated* it firft; lofes its water of cryilallization j 

3 B in 
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in a ftrong heat it melts; and in a {1111 ftronger, its acid 
is deftroyed. 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, 
 —  magnelia,    ■■■ — magnefxa. 

t. Acetite of ammonia. This fait was formerly call- 
ed of Mindererus. 

It is too volatile to be eafily cryftallized : It may, 
however, by gentle evaporation, be made to depofite 
needle-fhaped cryftals. Mr de LalTone cryftallized it 

- by fublimation *. When the fublimation is flow, it 
/W. i. 775' forn}S long, {lender, flatted cryftals, terminating in fharp 

points, of a pearl white colour, and about an inch and 
eight-tenths in length f. 

It imprefles 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- 
kifh tafte of the nitre 

According to Wenzel, 240 parts of acetous acid fa- 
turate 244 of ammonia. 

It is very deliquefeent.- It melts at 170°, and fu- 
blimes at about 250c _ t 

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 aie 
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 forftied 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 dehquefee when 
* expofed to the air *. 

The following falts deccmipofe it by compound affi- 
tbod. dim, nity 

8. Sulphat of potafs, 
_—   foda, 

  1— ammoniaj 
  magnefia, 

alumina, 

779 „ 
Acetite of 
an mania. 

* Mem, 

4 Higgins 
on Acetous 
Acid, p. 
18S. 

I Higgins, 
ibid, p. 193 

§ Ibid. 

it Ibid. 

^ Ibid. p. 
J93' 780 
Acetite of 
barytes. 

Acetite of 
lime 

Nitrat of potafs, 
- ■ ■ foda, 
  lime, 
    ammonia, 
   magnefia, 

Nitrat of alumina, 
Muriat of potafs, 
   foda, 
   — lime, 
  - ammonia, 
      magnefia, 
 alumina, 
Carbonat of potafs, 
 ... foda, 
——  ammonia. 

S T R Y. Part III, 
According to Wenzel, 240 parts of acetous acid re- Acetites. 

quire for faturation 125 of lime : according to Maret, 
100 parts of acetite of lime contain 50 of lime From * Encyc. 
the experiments of Dr Higgins, it follows, that acc- Method. 
tite of lime is compofed of 35,7 parts of lime and 64,3 9- 
of acetous acid and water f. t On Acetous 

It is not altered by expofure to the air; at leaft-^'^j P*47* 
Morveau kept fome of it for a whole year merely co- 
vered with paper, and even quite uncovered for a month, 
without its undergoing any alteration J. t ibid. En. 

Heat decompofes 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. 

Sulphat of foda, 
ammonia, 
magnefia, 
alumina. 

Nitrat of ammonia, 
 magnefia, 

alumina, 

foda, 
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 trontlte8' 
affe&ed by expofure to the atmofphere. 49 parts of 
it are foluble in 120 parts of boiling water : It feems 
to be nearly as foluble in cold water. It renders vege- 
table colours green §. . 7W2§* 

7. Acetite of magnefia. This fait was firft mention-^ ff 
ed by Mr Wenzel. < 783 

It is not cryftallizable ; but forms by evaporation a Acetite of 
vncid mats ||. ,, fer„man 

It has a fweetifti tafte ; leaving, however, a fenfe ofH ’ 
bitternefs^f. * 

It is very foluble both in water and alcohol *. 
According to Wenzel, 24.0 parts of acetous acid re 

quire for faturation i 23^ths 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, 

5 Mor-veau, 
ibid. 

. * Bergman, 
ii. 3S8. 

Sulphat of ammonia, 
alumina, 

Nitrat of ammonia, 
 alumina, 
Muriat of ammonia, 
 alumina, 

8. Acetite of alumina. 

— ammonia, 
— alumina. 

784 

e. Acetite of lime. This fait was firft deferibed ac- 
curately by Crollius. The'ancients, however,, ufed a 

+ Plinii 1 mixture of lime and vinegar in furgery f. 
Livi.c.34. It cryftallizes in fine needles, of a gloffy appearance 

like fatin. 
Its tafte is bitter, and four, becaufe it has an excels 

of acid. 
It is foluble in water3 

o. V..    This fait can only be form-Acetite o£ 
ed by digefting acetous acid on alumina recently preci-a,umina' 
pitated. 

By evaporation needle-fhaped cryftals are obtained, 
which are very deliquefeent. According to \Venzel, 
240 parts of acetous acid require 2o4ths 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. 73^ 

9. Acetite of jargonia. This fait maybe formed by Acetite or 
pouring acetous acid on newly precipitated^ jargonia. .UIiiori!d- 
It has an aftringent tafte. It does not cryftallize ; but 
when evaporated to drynefs, it forms a powder, which f Khfrotb, 
does not attra& moifture from the air as acetite of a\\x* Journ.de 
mina does f. It is very foluble in water and in alco- xxx • 
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Acetites. 

* Vauque- 
Un, Ann. de 
Chim. xxii. 
106. 

786 
Acetite of 
iron. 
f Wenzel. 

7*7 
Acetite of 
fcinc. 

788 ^ 
Acetite of 
cobalt. 

789 
Acetite of 
nickle. 
$ Bergman. 
§ Monnet. 

790 
Acetite of 
lead. 

hoi. It is not fo eafily decompofed by heat as nitrat 
of jargonta, probably becaufe it does not adhere fo 
ftrongly to water *. 

10. Acetite of iron.— This fait was mentioned by 
Schrosder and Juncker. It is compofed of acetous acid 
and brown oxide of iron. 

Its folution forms by gentle evaporation fmall oblong 
cryftals; but the greatell part of the fait affumes the 
form of a gelatinous mafs f. 

It has a fweetiih llyptic tafte. 
According to Wenzel, 240 parts of acetous acid re- 

quire for faturation 186J of iron. 
Heat decompofes this fait; and it feems alfo to be 

gradually decompofed by expofure to the air. 
11. Acetite of zinc.—This fait was firft mentioned 

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 flanie. 

12. Acetite of manganefe.-—This fait is not eryftal- 
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 $. 

15. 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 Jugar of lead, fugar of Saturn, 
fait of Saturn, vinegar of Saturn, extraS of Saturn, &c. 

, Its cryftals are flat parallelepipeds, terminated by 
two inclined planes approaching each other. 

It has a fweet and fomewhat 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 fpontaneoufly on expo- 
fure to the air. Paper dipped into acetite of lead forms 
excellent matches, which are not fubje£t to go out, and 
which burn very flowly. 

The following falts decompofe it by compound affi- 
nity : 

Muriat of ammonia, Phofphat of ammonia, 
|t Scheets Sulphat of copper, Oxalat of potafs ||, 
^ IJ' Phofphat of foda, Malat of potafs 
Accdte of I^' -Acetite of tin.—This fait was firft deferibed by 
tin. Lemery. 
* Mcrveau. Its cryftals are prifmatic needles in groups *. Ac- 

cording to Wenzel, 240 parts of acetous acid require 
for saturation 3-5V of tin. 

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 ofAJ^eof 
cryflals of Venus and verdigrife. copper. 

■ It is of a deep green colour. Its cryftals are rhom- *Lib.xxxiv, 
boids. c. 11. 

It has a difagreeable coppery tafte. 
It is foluble in water and in alcohol. 
According to Wenzel, 240 parts of acetous acid re- 

quire 16-|-th of copper for faturation. 
It efflorefees when expofed to the air. Heat de- 

compofes it. It is ufed in painting. 794 
18. Acetite of bifmuth.—This fait feems to have been Acetite of 

firft mentioned by Geoffroi. He called it fugar of bifmuth. ^>^rnut^' 
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 fweetiih tafte. According to Wenzel, 240 
parts of acetous acid require for faturation xjfths of 
bifmuth. ' 

It does not deliquefee when expofed to the air. Heat 
decompofes it. 794 

19. Acetite of antimony.—It yields with difficulty ^cet*te 

fmall cryftals-j-. According to Wenzel, 240 parts of^n^™""J* 
acetous acid require for faturation i-fd 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 * 
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 
240j-ths of mercury. 

When expofed to the air it becomes black, owing to 
the redudlion of the oxide of mercury. Heat decom- 
pofes it. 797 

22. Acetite of filver.-—This fait was perhaps firft ^;cet‘te 

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 diflblved in wa-'7"^* 

ter f. It has a lharp tafte, f Margraf. 
According to Wenzel, 240 parts of acetous acid re- 

quire for faturation loi^ths of filver. 
Heat decompofes it. It is decompofed by muriat of 

magnelia ^T. ' if Bergmw.] 
23. Acetite of gold.—This fait is mentioned by 79^ 

Schroeder and Juncker. Acetite of 
24. Acetite of uranium.— This fait was firft formed?° 7q, 

by Klaproth. 
Its cryftals are regular four-fided flender prifms, ter-uraniuni- 

minated at both ends by regular quadrilateral pyramids: 
they are tranfparent, and of a beautiful topaz yellow 
colour. 

Heat decompofes them : and what is Angular, 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” Uranit‘a' 
acctats. I hey are fo imperfectly known at pre-Acetats. 

fent, that we fliail not attempt a deferiptton of them. 

Sect. XII. Of Oxalats. 
The compounds of which oxalic acid forms a part 

4 B 2 . are 

799 
Acetite of 
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Oxalats. are known by the name of oxalals. They were firft 

1     defcribed by Bergman. . , 
n 

8
1°
I f i. Oxalat of potafs.—This fait cryftallizes with dif- 

potafs! ° ficulty. It is very foluble in water. When heated it 
* Bergman, falls to powder *. , . . . 
1.261. 2. Acidulous oxalat of potafs.—The oxalic acid is 

•8,02
1 alfo capable of combining with potafs in excels, and 

oxalat of * forming another fait, called acidulous oxalat from its acid 
potafs. tafte ; 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 acetofdla or wood- 
Arrel; from w’hich 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 Scheele 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 Seheele 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. 

4 De Lifle, Its cryftals are fmall opaque parallelepipeds 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 

cjfential fait of lemons. 
1 f 4- Oxalat of foda.—This fait agrees very much with 

foda^ ° oxalat of potafs. Its cryftals are fmall, and foluble in 
water. 

From Bergman’s defeription, oxalic acid appears alfo 
capable of combining in excefs with foda, and forming 
an acidulous oxalat. 

Oxalat of 4- Oxalat of ammonia.—Its cryftals are four-fided 
ammonia, 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 if. 
t 'rgman' jt ja decompofed by nitrat of barytes §. 
\id

ergman' 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 ||. 

\?d*
gman' 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 
water. Heat decompofes it f. 

ib.d. “ 7. Oxalat of ftrontites.—This fait was firft formed 
by Dr Hope. It is a white infipid powder; foluble 
in 1920 parts of boiling water. Heat decompofes it 

* Hope, by deftroying the acid *. . 
Tran/. Edin.. 8. Oxalat of magnefia.—This fait is in. the form ot 
«• a white powder. It is fcarcely foluble either in water 

or alcohol. It is compofed of 35 parts of magnefia 
R and 67 of acid and water. Heat decompofes it -f. 

i£;/andTi! q. Oxalat of alumina.—It is uncryftallizable ; but 
3S7. furnifties on evaporation a yeliowiih pellucid mafs. It 

is fparingly foluble in alcohol. It has a fweet aftrin- 
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 deliquefees ; and if it has Oxalats. 

been previoufty well dried, its weight is increafed by v "f 

It reddens turnfole *. * Bergman, 
10. Oxalat of iron.—This fait forms prifmatic cry- MJ

Sq6 
ftals of a yeliowiih green colour. _ Metallic 

It has an aftringent and fweet tafte. It is very fo-oxalats. 
luble in water. 

It is compofed of 45 parts of green oxide, and 5 5 of 
acid and water. When expofed to heat it falls to pow- 
der ■j'. t Ibid* 

From Bergman’s defeription, 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 | 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 $. § Met. 

13. Oxalat of cobalt.—This is a rofe-coloured pew- 
der, infoluble in water, but foluble in oxalic acid ; and 
capable, by that means, of cryftallizing ||. || 

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[. < f IljJ, 

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 *. * Hid. 

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. t dbid. 

17. Oxalat of copper.—This fait is uncryftalhzable. 
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. t MJ. 

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 §. § Ibid. 

1 g, Oxalat of antimony.— I his 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 _ 1 jt ^ 

21. Oxalat of mercury.—A white powder, hardly 
foluble in water, except with excefs of acid *. * Bid. 

12. Oxalat of filver.—This fait may be formed by 
pouring oxalic acid into a folution of nitrat of lilver. 
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. t 

23. Oxalat of platinum.—This fait affords yellow 
cry ftals. 

Sect. XIII. OfTartrites. 

The falts into which tartarous acid enters as an in- 
gredient are known by the name of tartrites. . r . „ 807 

t. 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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Tartrites. has been long known. It is obtained in a ftate of im- 
 purity at the bottom, and adhering to the fides of calks 

in which wine has fermented. It is called tartar, fays 
Paracelfus, becaufe it produces the oil, water, limeftone, 
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 firft demonftrated that it con- 
tained potafs ready fonned ; and Scheele firft obtained 
tartarous acid from it in a ftate of purity. 

Its cryftals are very linall and irregular. According 
to Montet, they are prifms, fomewhat flat, and moftly 
with flx fides. It has a ftrong acid tafte. It is foluble 

'•* Wenzel. akout 30 times its weight of boiling water*. Ac- 
cording to Bergman, it contains 23 parts of alkali and 
77 of acid. 

It is not altered by expofure to the air. Heat de- 
compofes it, and at the fame time deftroys the acid. It 
is capable of forming a great many compounds. 

2. Tartrite of potafs. This fait may be formed by 
faturating the laft deferibed fait with potals. It was 
formerly called folulle tartar, becaufe it is much more 
foluble in water than the acidulous tartrite of potafs. 
It cryftallizes moft readily when there is a fmall excefs 
of alkali in the folution. Its cryftals are fmall oblongs. 

It has an unpleafant bitter tafte. It is foluble in 4 
parts of water at the temperature of 40°. 

3. Tartrite of foda. This fait has never been accu- 
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 

firft formed by Mr Seignette apothecary at Rochelle, is 
made by faturating tartar with foda. 

Its cryftals are prifms of eight or ten unequal fides, 
having their ends truncated at right angles. They are 
generally divided into two in the direction of their axes, 
and the bafe on which they ftand is marked with two 
diagonal lines, fo as to divide it into four triangles. 

It has a bitter tafte. It is almoft as foluble as tar- 
trite of potafs. 

It eiflorefees when expofed to the air. Heat decom- 
pofes it. 

4. Tartrite of ammonia. The cryftals of this fait are 
polygonous prifms, not unlike thofe of the laft deferibed 
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fait. 
It is It has a cooling bitter tafte like that of nitre, 

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 cryftals, according to Macquer, are prifms with 
four, five, or fix fides: according to the Dijon academi- 
cians, parallelepipeds, with two alternate Hoping fides. 

It has a cooling tafte. It is foluble enough'in water. 
It efflorefees in the air. Heat decompofes it. 

Sd 7. Tartrite of barytes. Unknown. 
Earthy tar- 8. Tartrite of lime. This fait, firft formed by Scheele, 
tiites. a taftelefs and almoft infoluble powder. By heat the 

acid is decompofed, and the pure lime remains behind. 
9. Tartrite of ftrontites. This lalt was firft formed 
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by Dr Hope. Its cryftals are fmall regular triangular Tartrites.^ 
tables, having the edges and angles ftiarp and well de-' * 
fined. It is infipid. It diflblves in 320 parts of boil- 
ing water. 

It is not altered by expofure to the air. Heat de- 
compofes it by deftroying the acid *. r 

10. Tartrite of magnefia. This fait is infoluble in ^ In^ ranT' 
water except there be an excefs of acid prefent. It then 
affords by evaporation fmall cryftals in the form of hex- 
angular truncated prifms f. f Bergman, 

It has a more faline tafte, and is more fufible, than11- 288. 
tartvite of lime J. 1 

Heat firft melts and afterwards decompofes it. iffjtacid. 
\ 1. Tartrite of alumina. This fait does not cryftal-^”^' 

lize, but forms by evaporation a clear tranfparent gum- 
my mafs. Its tafte is aftringent. It is foluble in wa- 
ter. It does not deliquefee in the air $. § Won Pac- 

12. Tartrite of potafs and alumina; This triple falt^71* 
is formed by faturating tartar with alumina. It bears 
a very ftriking refemblance to the laft deferibed fait. 

13. Tartrite of iron. This is a grey powder. When Metallic 
tartarous acid is poured into a folution of fulphat oftamites. 
iron, fcaly cryftals are formed by evaporation. Thefe 
cryftals 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 tartarfed tinElure of Mars, chalybeated 
tartar, and tartarfed iron. It may be formed by boil- 
ing two parts of tartar and one of iron filings, previouf- 
ly made up into a pafte, in a proper quantity of water. 
The liquor by evaporation depofites cryftals, 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 ||. |l Ek’?ens* 

17. Tartrite of lead. This fait, which is compofed 
of tartarous acid and white oxide of lead, is almoft info- 
luble in water. Nitric acid diflblves it. 

18. Tartrite of potafs and lead. This fait, formed 
by combining white oxide of lead with tartar, is very 
foluble in water ff. H Wcnzd, 

19. Tartrite of tin. Unknown. The tartrite of pot- 
afs and tin, compofed of tartar and oxide of tin,, is ca- 
pable of cryftallizing. 

20. Tartrite of copper. This fait is belt formed by 
pouring tartarous acid into the folutions of muriat or 
fulphat of copper; it precipitates in the form of blue 
cryftals *. * Bergman. 

This fait forms the beft kind of the pigment called 
Brunfwtckgreen\. f Leonbardis 

21. Tartrite of potafs and copper. This triple fait 
is alfo in the form of blue cryftals. 

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 moft powerful emetic 
known, a great deal of attention has been paid, and a 
vaft number of methods have been tried to prepare it. 
Thefe methods have been already deferibed in the En- 
cyclopaedia, It appears from the experiments of Mr 

Bindheim,. 



f Bergman 
l: 29J. 

| Mon net. 

( 'Journ. de 
Phyf 1794, 
Supplement. 

813 
Alkaline 
cirrats. 
I! Dr Do- 
ttald Monro, 
Phil. 'Tranf. 
57- 

Dobfon. 
* Seheele. 

ffl4 
Earthy ci- 
trats. 
\Id. 

\Id. 

5 u. 

815. 
Metallic 
cicrats. 

| Dizc. 

3x6 
Maiatp. 
^ Scbeeh. 

| Id. 
* Id. 
« Id. 
a u- 

C H E M 1 
Bftidhetm, 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 expedited *. 

It was hrlt made known by Adrian in 1631. It is 
a triple fait, conipofed of tartar and white oxide of an- 
timony. 

It is of a 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. Tartrite of arfenic. This fait forms prifmatic 
cryilals very like thofe of oxalat of arfenicf. 

26. Tartrite of mercury. A yellow powder. 
27. Tartrite of potafs and mercury. This triple fait 

cryilallizes ^l. 

Sect. XTV. Of Citrats. 

The compounds into which the citric acid enters 
have been denominated citrats. 

Thefe faits are at prefent very imperfe&ly known. 
Mr Dize has promifed foon to fupply this defe&$. 

1. Citrat of potafs. This fait does not cryftallize. 
It has a cooling faline tafte, and deliquefees when ex- 
pofed to the air. 

2. Citrat of foda. This fait does not deliquefee. It 
has a mild, pleafant, cooling tafte [j. According to 
Scheele, it does not cryftallize. 

3. Citrat of ammonia. This fait cryftallizes in thin 
needles. It has a cooling and moderately faline tafte 
The ammonia is feparated by the application of heat*. 

4. Citrat of barytes. This fait is fcarcely foluble in 
water. It aflumes 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 J. 

6. Citrat of magnefia. Does not cryftallize. It 
forms a gummy faline mafs very foluble in water J. 

7. Citrat of alumina. This fait is fcarcely foluble in 
water. 

S. 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 ||. 

Sect. XV. Of Malats. 

The compounds into which the malic add enters 
are called malats. This clafs of faits was firft difeover- 
ed by Scheele. They are no better known than the ci- 
trats. 

1. Malat of potafs. T 
2. Malat of foda. > Thefe faits are deliquefeentf. 
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 •!■. They are infoluble in alcohol J. 

5. Malat of barytes. The properties ot this fait re- 
femble pretty much thofe of malat of lime §. 

6. Malat of magnefia. Deliquefcent ]j. 

Ibid. 

S T R Y. Partin. 
7. Malat of iron. A brown folution, not cryftalli- La&at?. 

zable*. 
8. Malat of zinc. This fait forms beautiful cryftalsf. ^ 

Sect. XVI. Of LaBats. 
$ I ** 

The neutral faits formed by the combination of the La&ats. 
laftic acid with various bafes are called laBais. They 
were firft difeovered by Scheele. 

1. Laftat of potafs. A deliquefcent fait, foluble in 
alcohol 1 Sehetlt 0* 

2. La&at of foda. This fait does not cryftallize. It ^uk' 
is foluble in alcohol $. j 

3. Laftat «f ammonia. Cryftals which deliquefee. 
Heat feparates a great part of the ammonia before de- 
ftroying the acid. 

4. La flat of barytes. T Thefe faits deliquefee |j. The 
5. La&at of lime. Madat of lime is foluble in al- 
6. La&at of alumina. ) cohol f Ibid, 
7. Laflat of magnefia. Small deliquefcent cryftals*. m 
8. La&at of iron. A brown folution. 
9. Ladat of zinc. Cryftals f. \ Udd. 
Thefe faits 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 la&at of lime. 

Sect. XVII. Of Saccholats. 

The compounds into which the faccholaftic acid en-s»ccholat* 
ters are called faccholats. They alfo were firft difeover- 
ed by Scheele. 

1. Saccholat of potafs. Small cryftals, foluble in 
eight times their weight of boiling water j Scheele on 

2. Saccholat of foda. The fame; foluble in fcz Sugar of 
times their weight of boiling water $. Milt. 

3. Saccholat of ammonia. A fait which has a fourifh 5 ^id. 
tafte. Heat feparates the ammonia ^|. ^ Ibid. 

4. Saccholat of barytes. "1 
/ Thefe faits are infoluble 5. Saccholat of lime. 

6. Saccholat of magnefia. f in water*. 
7. Saccholat of alumina, j 

Uid. 

Sect. XVIII. Of Gallats. 

The compounds into w'hich the gallic acid enters are 
denominated gallats. They were firft attended to by 
the Dijon academicians and by Scheele. 

1. Gallat of potafs. “1 We only know that thefe 
2. Gallat of foda. > compofitions are pofiible, 
3. Gallat of ammonia, j and that their properties 

are different from thofe of all other faits. 
4. Gallat of barytes. 1 Thefe faits 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-y^nn. * 

tholdi, exifts ready formed in nut galls. It is very fo- Chim. xii. 
luble in water. 

8. Gallat of iron. This fait, which Mr Proud has 
difeovered to be formed of gallic acid and brown oxide 
of iron, is of a black colour, and does not feem capable 
of cryltallizing. 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 



Part III. 
Benzoats. of falls. Scarcely any addition has yet been made to 

1 - v ' the experiments of Scheele which have been given al- 
ready in the article Chemistry, Eneycl. 

Sect. XIX. Of Benzoats. 
ga0 t t # 

Alkaline The compounds into which the benzoic acid enters 
benzoats. have been called benzoats. 

i. Benzoat of potafs. This fait forms pointed fea- 
thery eryftals. It has a faline (harp tafte. It is very fo- 

* Kelr's luble in water. It deliquefces when expofed to the air *. 
Eifiienary. 2. Benzoat of foda. The cryftals 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 efflorefces 

f Jiia. in the air f. 
3. Benzoat of ammonia. This fait cryftallizes with 

difficulty. Its cryftals are feather-ffiaped. It deli- 
| Ibid. quefces|. 

8l1 4. Benzoat of lime. This fait forms white, fhining, 
benzoats P°inttcl cryftals, of a fweetiffi tafte, and not eafily fo- 
§ Ibid. luble in water §. 

5. Benzoat of magnefia. Feather-fhaped cryftals, of 
f Ibid. a fharp bitter tafte, and eafily foluble in water -j*. 

6. Benzoat of alumina, an aftringent fait. 
Metalline 7. Benzoat of iron. This fait forms yellow cryftals. 
benzoats. jq jias a fweet tafte. It is foluble in water and alcohol. 
^ Idrommf- It efflorefces in the air. Heat difengages the acid 
dor/, Ann ^ 0_ genzoat Gf zinc. This fait forms arborefcent cry- 

-314. im‘ lfals- It is foluble in water and alcohol. When expo- 
* Id. ibid, fed to the air it is diffipated. 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 diffolves readily in water ; 
with difficulty in alcohol. It is not altered by expofure 

f Id. ibid, to the air f. 
3 Id. ibid. 10.. Benzoat of cobalt. Flat cryftals 

11. Benzoat of lead. Very white cryftals, foluble in 
water and alcohol. They are not altered by expofure 

§ Id.ibid, to the air. Heat difengages the acid J. 
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 

I Id. ibid, decompofes it |j. 
13. Benzoat of copper. Small cryftals of a deep 

green colour. They are with difficulty foluble in wa- 
^ Id. ibid, ter, and not at all in alcohol 

14^ Benzoat of bifmuth. This fait forms white 
needle-lhaped cryftals. They are foluble in water, and 
in a very fmall proportion in alcohol. They are not 
altered by expofure to the air. Heat decompofts 

* Id. ibid, them *. 
15. Benzoat of antimony. Cryftals which effiorefce 

f Id ibid, in the air, and are decompofed by heat ft. 
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 ftrong heat 
decompofes it. Sulphur decompofes it. It is not de- 

| Id. ibid, compofed by alkalies j. 
17. Benzoat of mercury. A white powder. It is 

infoluble in water, but diflblves 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 

$ Id. Hid. decompofed by fulphur §. 
18. Benzoat of fftver. This fait is. foluble in water, 

and alfo in a very fmall proportion in alcohol. It is Campho- 
not altered by expofure to the air, but the rays of the t 

1 ac^ f 
fun render it brown. Heat difengages its acid *. * jj ^ 

19. Benzoat of gold. Small irregular cryftals, not 
eafily foluble in water ; infoluble in alcohol. It is not 
altered by expofure to the air. Heat decompofes itf. \ Id. ibid, 

20. Benzoat of platinum. This fait forms fmall 
browniffi cryftals, with difficulty foluble in water; not 
foluble in alcohol. When expofed to heat, it is decom- 
pofed, and there remains behind a brown powder I 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 (hall not defcribe 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 Didlionary, 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 camphorati- 
The only chemill who has hitherto examined them is 
Bouillon la Grange : his experiments have been publifh- 
ed in the 27th volume of the Jlnnales de Chimie. 

1. Camphorat of potafs. To prepare this fait, car-Ca
8z;L „ 

bonat of potafs is to be diflblved in water, and the- folu-J3* 
tion faturated with camphoric acid. When the effervef- 
cence is over, the liquor is to be evaporated by a gentle 
heat to the proper confiftence, and cryftals of campho- 
rat of potafs will be depofited when the liquor cools. 

Camphorat of potafs is white and tranfparent ; its 
cryftals are regular hexagons. Its tafte is bitteriffi and 
{lightly aromatic. 

Water at the temperature of 6o° diflblves -r^th part 
of its weight of this fait ; boiling water diflblves ^th 
part of its weight. 

It is foluble in alcohol, and the iolution 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's 
and the potafs remains behind in a ftate of purity. 

By compound affinity this fait is decompofed by 
Nitrat of barytes, 
All the falts whole bafe is lime,. 
Nitrat of filver, 
Sulphat of iron,, 
Muriat of tin, 

lead $. j Bouillbn 
2. Camphorat of foda. This fait may be formed Grange, 

precifely in the fame manner with the camphorat oiAnn’de 

potafs. xxvit'« 
It is white and tranfparent; .its tafte is fomewhat*4^ 

bitter ; its cryftals are.irregular. Camphorat 
Water at-the temperature of 6o° diffolves lefs thanof 

-4oth part of its weight of this fait; boiling water dif- 
folves -j-th of its weight. 

It is alfo foluble in alcohol. 
When expofed to the air it lofes its tranfparency, and 

eftlorefccs 
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Campho. efflorefcea Hightly, but 13 never completely reduced to 

. rat8, , powder. 
fjeat prodUCe8 the fame effe& upon it as on cam- 

phorat of potafs : the acid burns with a blue flame, 
which becomes reddiih towards the end. 

By compound affinity it is decompofed by 
Nitrat of lime, 
 filver, 
Muriat of magnefia, 
 barytes, 
 alumina, 

Muriat of lime, 
iron, 

Sulphat of alumina, 
— iron : and ma- 

ny other falls with me- 

xua. 

j- m<?. 
8a6 

Camphorat 

* Btuillon tallic bafes *. 
La Grange, ^ Camphorat of ammonia. This fait may be pre- 

Chirn Xivii pared by diffolving carbonat of ammonia in hot water, 
a6. and adding camphoric acid flowly till the alkali is fatu- 

Say rated. It mail then be evaporated with a very mode- 
Camphorat rate ^ prevent the difengaging of ammonia, 
of ammo- jg to obtain this fait in regular cry- 

ftals. When evaporated to drynefs, there is obtained a 
folid opaque mafs of a fliarp and bitteriffi tafte. 

Water at the temperature of about 6oQ diifolves near- 
ly T^5th part of its weight of this fait; boiling water 
•diflblves -fd of its weight: But this and the two falls 
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 moillure, but not 

in fufficient quantity to enable it to aflume a liquid 
form. 

When expofed to heat it fwells, melts, and is con- 
■verted into vapour; before the blow-pipe it burns with 
a blue and red flame, and is entirely volatilized. 

Moil of the calcareous falts form triple falls with 
camphorat of ammonia. 

It decompofes in part all the aluminous falts except 
the fulphat of alumina f. 

vamp flora t 4- Camphorat of barytes. In order to prepare this 
of barytes, fait, barytes is to be diffolved 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 cryftalhze; when the 
evaporation is conducted flowly, the fait is depoiited in 
thin plates one above another, which appear tranfpa- 
rent while immerfed in the liquor, but become opaque 
whenever they come into contadt 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 diflblves only a very fmall quantity ot this 
fait, boiling water being capable of taking up only 
yloth Part °^t' . c , ■ 

It is not altered by expolure to the air. 
When expofed to heat it melts eaiily, and the acid is 

volatilized. When the heat is coniiderable, 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. 
Ail the fulphats. 

i Bouillon Carbonat of potafs and foda. 
Phofphat of potafs, foda, and ammonia*. 

* * 817 * S’ Camphorat of lime. This fait may be prepared 
Camphorat by dropping into lime-water cryftallized camphoric acid. 
tflime. 

S T R Y. Pm HI. 
The mixture is then to be made boiling hot, paffed Campho- 
through a filter, and evaporated to about dths Qf jts rats, 
volume. On cooling, camphorat of lime is depoiited. 1 

It has no regular lhape ; but it the evaporation has 
been properly condufited, 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° diflblves very little 
of this fait; boiling water is capable of diflblving about 
xg-^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 decompoled 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- La Grange 
pared by pouring water on carbonat of magnefia, and xvi; 
then adding cryftallized camphoric acid : heat is then ai 
applied, the folution is filtrated, and evaporated to dry- 8aS 
nefs. The fait obtained is diffolved in hot water, paffed Camphorat 
through a filter, and evaporated by means of a mode- °^maSne- 
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 aftion 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 effedt 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. - 

7. Camphorat of alumina. To prepare this fait, alu- 
mina, precipitated by means of ammonia, and well waffi- 
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 bitterifli tafte, 
leaving on the tongue, like moft of the aluminous falts, 
a fenfation of aftringency. 

Water at the temperature of 6o° diffolves about T^th 
part of its weight of this fait. Boiling water diffolves 

it 

t id. m. 
829 
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Suberats. ft in confiderable quantities} but it precipitates again as bitter tafte 

~v—the folution cools. 
Alcohol, while cold, diffolves it very fparingly ; but 

when hot it diflblves 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 attracts moifture. 

Heat volatilizes the acid; and when the fait is thrown 
on burning coals it burns with a blue flame. 

It is decompofed by the nitrats of lime and t>a- 
* Bouillon rytes *. 
LA'n.Tg'' Sect. XXII. Of Suberats. 
Chim. xxvii, 
34- 

830 
Suberat of 
potafs. 

I- Id. ibid. 
xxiii. 52. 

83i 
Suberat of 
foda. 

| Id. ibid. 
P-53- 

83 a 
Suberat of 
ammonia. 

The falts formed by the fuberic acid have obtained 
the appellation of fuberats. They have hitherto been 
examined only by Bouillon la Grange. 

1. Suberat of potafs.—This fait ought to be formed 
by means of cryltallized carbonat of potafs. 

It cryftallizes in prifms, having four unequal fides. 
It has a bitter faltifh tafte, and it reddens vegetable 
blues. It is very foluble in water. Caloric melts it, 
and at laft volatilizes the acid. 

It is decompofed by mod 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 tinfture of turnfole. Its tafte is {lightly 
bitter. It is very foluble in water and in alcohol. It 
attratts moifture from the air. Caloric produces the 
fame effedl on it that it does on fuberat of potafs. 

It is decompofed by the calcareous, aluminous, and 
magnefian falts J:. 

3. Suberat of ammonia.—This fait cryftallizes in pa- 
rallelopipeds 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 perfedtly white : It has a faltifti tafte : It does not 
redden the tindlure 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. 

J II. ib id. 
P- 55- 

8 33 
Suberat of 
bary tes. 

|| Id. ibid. 
P- Si- 

834 
Suberat of 
lime. 

f Id. ibid. 
P- 54- 

83S 

t Id. ibid. 
P-57- 

Y. 38s 
It is foluble in water, and attra&s fome t Prufluts^ 

moifture when expofed to the air. u—y—» 
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 *. * Bouillon 

7. Suberat of alumina.—This fait does not cryftallize. La Grange, 
When its folution is evaporated by a moderate heat in de ... 
a wide veflel, the fait obtained is of a yellow colour, xxlI1‘ 
tranfparent, having a ftyptic tafte, and leaving an im- g36 
preffion of bitternefs on the tongue. When too much Suberat of 
heat is employed it melts and blackens. It reddens the alumina, 
tindlure of turnfole, and attracts moifture from the air. 
Before the blow-pipe it {wells 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 leadf. f II ibid. 

Suberic acid forms alfo compounds with ihe oxides of 
filver, mercury, lead, copper, tin, iron, bifmutb, arfenic, 
cobalt, zinc, antimony, manganefe, and molybdenum ; 
moft of which are incryftallizable, and have an excefs 
of acid 

Sect. XXIII. Of Prujiats. 
The compounds into which the pruflic acid enters 

are called Pmjfiats. 
Thefe fubftances, the moft important of which are 

triple falts, have fomething very peculiar in their affi- 
nities. The prufiic acid appears to have a ftronger af- 
finity for alkalies and earths than for metals, at leaft thefe 
fubftances are capable of decompofing metallic pruffiats ; 
yet acids fcarcely decompofe the metallic pruffiats, while 
the weakeft acid known decompofes the pruffiats of al- 
kalies and earths. Thefe phenomena have not yet been 
latisfa&orily accounted for. 

2. Prufllat of foda.1*' } T(,efe falts were firfl 

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. Pruffiat of ammonia.—This fait has the fmdl of 
ammonia. It is very volatile and as eafily decompofed 
as the other two. g^g 

4. Pruffiat of lime.—This fait is foluble in water. Earthy 
It is alfo decompofed by expofure to the air. pruffiats. 

5. Pruffiat of barytes. 1 rp, r r, r 
6. Pruffiat of magnefia. J Thefe falts Rre alfo fo- 

luble in water, and decompofed by all acids. 
Pruffic acid does not combine with alumina. 839 
7. Pruffiat of iron, or Pruffian blue.—This fubftance Pruffian 

is compofed, as Mr Prouft has ffiewn, of the prufficblue* 
acid and brown oxide of iron. With the green oxide 
the pruffic 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 

Pruffiat of iron is a deep blue coloured powder. It 
3 C is 

J Hicbol- 
fon's Jour. 
i. 453- 
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Pruffiat?. is infoluble in water, and fcarcely foluble in acids. It 
 ^  is compofed, according to the naoft accurate experiments 

hitherto made, of equal parts of oxide of iron and prul- 
fic acid. It is not affe&ed by expofure to the air. Heat 
decompofes it by deftroying the acid, and the oxide of 
iron remains behind. 

The Pruffian 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. 

Pruffiat of iron may alfo exift in another {late : It 
may have a fuperabundance of oxide ; its colour is then 
more or lei's yellow. To this (late it may be reduced 
by digefting it with alkalies or any of the alkaline 
earths. Thefe fubftances deprive it of part ol its acid, 
but not of the whole. 

This yellow pruffiat is foluble in acids. 840 Were we to attempt an explanation of this, and the 
of the pruf-other phenomena which the pruffic acid difplays in its 
fic acid ex- combinations, we would conje&ure, that tins yellow 
plained. prufllat is the fubftance formed by the direft combina- 

tion of brown oxide of iron and pruffic acid, and that 
the blue pruffiat is formed of the yellow pruffiat combi- 
ned as an integrant with pruffic acid ; That the affinity 
between the pruffic acid and oxide of iron is much ftrong- 
er than that between yellow pruffiat of iron and pruffic 
aeid ; that therefore alkalies and earths have a ftronger 
affinity for pruffic acid than the yellow pruffiat has, but 
a much weaker affinity than oxide of iron, and perhaps 
every other oxide hence the apparent fupenonty of 
alkalies and earths in fome cafes, while in others they 
appear very inferior. We would fuppofe, then, that 
the pruffic acid has a much ilronger affinity for oxide 
of iron, and perhaps for all other oxides, than for other 
bodies ; that the pruffiats, thus formed, are capable of 
combining with pruffic acid ; but that them affinity for 
it is much lefs than that of the alkalies and earths. I his 
conjeaure is fupported by all the phenomena at prefent 
known ; it would remove all the apparent anomalies 
which the combinations of this fingular acid prefent, 
and reduce the whole of them under the known laws 

84i of affinity. 11 j d /• 
Properties 8 Pruffiat of potafs and iron, commonly called fruj- 
r,fp,ruffian [ran alkali, or Pruffian tej}. _ This fubftance is a triple 
aikah, Compofed of pruffic acid, potafs, and oxide of iron 

combined together. To chemifts and mineralogifts it 
is one of the moft important inftruments ever invented ; 
as, when properly prepared, it is capable of indicating 
whether any metallic fubftance (platinum excepted) be 
prefent in any folution whatever, and even of pointing 
out the particular metal, and of afeertaimng its quan- 
tity : This it does by means of a compound affinity, 
which, after what has been faid above, may be eafdy 
underftood* The Pruffian alkali may be conceived to 
be a combination of two fubftances, pruffiat of pot- 
afs and blue pruffiat of iron. Now every metallic oxide 
has a ftronger affinity for pruffic acid than potafs has 
(and, in fad, feems to have a ftronger affinity for it 
than for any other fubftance). If, therefore, there hapj 
pen to be any oxide in the folution, it immediately feizes 
the pruffic acid with which the potafs is combined, and 
by that means decompofes the triple fait. A prufiiat 
of the particular metal is formed, and, as moll pruffiats 
of metals are infoluble, it is precipitated ; and it indi- 
cates by its colour the particular metal, and by ita 

S T R Y. Part III, 
weight the quantity of metal that happens to be pre- Prufliats. 

.. *- \ «■ + Vi fn ¥ 1 ic cxl - fent^ At the fame time the blue pruffiat of iron is al- —-v—^ 
fo precipitated, and its weight mull be dedufted from 
the quantity of the precipitate. 

In order to be certain of the accuracy of thefe re- 
fults, it is neceffary to have a Pruffian alkali perfeftly 
pure, and to be certain before hand of the quantity, or 
rather of the proportions of its ingredients. To ob- 
tain a teft of this kind has been the objedl of chemifts 
ever fince the difeoveries of Macquer pointed out its 
importance. It is to the ufe of impure tells that a 
great part of the contradi&ory refults of tnineralogical 
analyfes by different chemifts is to be aferibed. 

There are two * ways in which this teft may be ren- * See Kir* 
dered impure, befides the introduftion of foreign in-y"™ ■* 
gredients, which we do not mention, becaufe it is 0h-1,4g^ 
vious that it mull be guarded againlt. 1. There may be liable to 
a fuperabundance of alkali prefent, or, which is the impurities, 
fame thing, there may be mixed with the Pruffian teft 
a quantity of pure alkali ; or, 2. There may be contain- 
ed in it a quantity of yellow pruffiat of iron, for which 
pruffiat of potafs has alfo a confiderable affinity. 

If the Pruffian teft contain a fuperabundance of al- 
kali, two inconveniences follow. This fuperabundant 
quantity will precipitate thofe earthy falts 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 lefts of 
this kind that we owe the opinion, that barytes and 
alumina are precipitated by the Pruffian alkali, and the 
confequent theories of the metallic nature of thefe earths. 
This miftake was tirit corrected, we believe, by Mr Kla- 
proth. 

Another inconvenience arifing from the fuperabun- 
dance of alkali in the Pruffian teft is, that it gradually 
decompofes the blue pruffiat which the teft contains, 
and converts it into yellow pruffiat. In what manner 
it does this will be underftood, after what has been faid, 
without any explanation. 

On the other hand, when the Pruffian alkali contains 
a quantity of yellow pruffiat of iron, as great inconve- 
niences follow. This yellow pruffiat has an affinity for 
pruffic acid, which, though inferior to that of the pot- 
afs, is Hill confiderable ; and, on the other hand, the 
potafs has a ftronger affinity for every other acid than 
for the pruffic. When, therefore, the teft is expofed-. 
to the air, the carbonic acid, which the atmofphere al- 
ways contains, affifted by the affinity between the yel- 
low pruffiat and the pruffic acid, decompofes the pruf- 
fiat of potafs in the teft;. and the yellow pruffiat is pre- 
cipitated in the form of Pruffian blue : And every other 
acid produces* the fame effeft. A teft of this kind^_ 
therefore, would indicate the prefence of iron in every 
mixture which contains an acid (for a precipitation of 
Pruffian blue would appear) ; and could not, therefore* 
be trufted to with any confidence. 843* ^ 

We will not attempt to deferibe the various methods Klaproth’* 
which different chemifts have adopted of preparing this mediod of 
teft ; but {hall fatisfy ourfelves with defcribmg thetorai & 
method of Klaproth, which anfwers the purpofe com- 
pletely. This we Ihall do nearly in the words of Mr 
Kirwan. . . 

Prepare a pure potafs, by gradually projecting into a 
large crucible heated to whitnefs a mixture of equal parts 
of purified nitre and cryftals of tartar ; when the whole 



PartHI. C H E M I 
Prufliats. Js injei^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 expole 
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 i7oc or i8o°, and then gradu- 
ally add the belt Pruffian blue in powder, injecting 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, yellowifii 
cryftals of a cubic or quadrangular form will be found 
mixed with fome fulphat of potafs and oxide of iron ; 
pick out the yellowiffl 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 ftiould remain, may 
be precipitated. If the cryftals now obtained be of a 
pale yellow colour, and difcover no bluifh ftreaks when 
fprinkled over with muriatic acid, they are fit for ufe ; 
but if they ftill difcover bluifh or green ftreaks, the so- 
lutions and cryftallizations muft be repeated. 

Thefe cryftals muft be kept in a well-ftopped bottle, 
which to preferve them from the air ftiould be filled with 
alcohol, as they are infoluble in it. 

Before they are ufed, the quantity of iron they con- 
fain ftiould be afcertained, 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 Pruflian 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, ftiould 
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 

» Kirwni Jt is black it weighs confiderably more than it fhould *. 
Mineral. g. Pruffiat of foda and iron. The only difcernible 
*• 494* difference between this fait and the laft is, that it cry- 
f BertholUt. ftallizes differently f. 

10. Pruffiat of ammonia and iron. This triple fait 
has alfo been employed as a teft ; but it is not fo eafy 
to obtain it in a ftate of purity as the other two. It 
was difcovered by Macquer, and firft recommended by 
Meyer. 

It forms flat hexangular cryftals, foluble in water, 
and deliquefces in the air. Pleat decompofes it like the 

/%/"wxiv.other Pruffiats t' . , P . . r , . , r, 
101. We fhall not give any defcnption of the triple falls 

815 

844 
Prufliat of 
ammonia 
and iron. 

* Woul/e, 
jfeurn, de 
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formed by digefting the alkaline earths on pruffiat of 
iron ; they are fufficiently known, and are not of any 
ule 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 eryftallizing. 

11. Pruffiat of mercury. This fait, which was firft PrufTiat of 
formed by Scheele, is compofed of the pruffic acidtnercury‘ 
combined with the red oxide of mercury. It may be 
formed by' boiling the red oxide of mercury with Pruf- 
fian blue. It cryftallizes in tetrahedral pnfms, 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 falls, which have not 
yet been examined *. 'Bertholkt 

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 
falls we are chiefly indebted to the celebrated Crell, 
who publifhed a differtation on the febacic acid and its 
combinations in the Philofophical Tranfatfions 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. 

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, uncry ftal- 
lizable mafs. 

6. Sebat of alumina. A gummy faline mafs, which 
does not cryftallize, and has an auftere aftringent tafte. p ,, 

7. Sebat of iron. Needle-fhaped cryftals, which de-Metallicfe« 
liquefee. bats. 

8. Sebat of lead. Needle-ffiaped 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. 
n. 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 cryft^ls. 
15. Sebat of platinum. Brownifh yellow cryftals. 
The bombats or compounds which the bombic acid 

forms are ftill unknown. 
2 C 2 Sect. 
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Sect. XXVI. Of Arfemats. 

The compounds formed by the combination of the 
arfenic acid with bafes are called arfemats. 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 abftradt 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 confequence 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 conjectured that all metals may be con- 
verted into acids by combining them with a fufficient 
quantity of oxygen. This conjeCture has been veiilied 
in a confiderable number of inftances. We have feen 
the arfenic acid, the tungftic 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 characters 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 {hall proceed to enu- 
merate* . • • i rp, . 84? i. Aurat of ammonia, or fulminating gold. This 

hnSd" falt ^ compofed of the oxide of gold and ammonia. S S ’ This compound may be formed by precipitating gold 
from nitro-muriatic acid by ammonia. The precipitate 
is fulminating gold. Bergman was the firil 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 aftonifning vio- 
lence. Chemifts had made many attempts to explain 
the caufe of this phenomenon, but without fuceefs, till 
Mr Berthollet difcovered the compofition of ammonia. 
After making that difcovery, 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 
occaiions 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 defcribed fubftance. 
The flighteft fridion makes it explode with violence. 

»B^o//fl,This property, as Mr Berthollet has proved*, is owing 
dnn.de iqie fame decompolition of ammonia and formation 
Chin. i. 0£ water that caufes the explofion of fulminating gold. 

If a fmall retort be filled with the liquor from which 
the fulminating filver has been precipitated, and be made 
to boil, fome azot is difengaged, and fmall opaque cry- 
ftals are formed confifting of the fame fubftance; which 
explode when touched, though they be covered with 

388 
Metallic 

Acid Salts, 

S T It Y. Part III. 
water. Nitrat and muriat of barytes precipitate filver Hydroful- 
from this fait. . . 1,l,ur“’-. 

3. Mercurial of lime. Oxide of mercury boiled with 8j r 
lime-water forms, by evaporation, fmall tranfparent yel-Mercurial 
low cryftals *. 0j! ilire anc^ 

4. Mercuriat of ammonia. Oxide of mercury dif-^1111*10* 
folves in ammonia in large quantity, and by evaPora'•/i, 
tion furnifties a white faltf. + La-voifer, 

5. Cuprat of ammonia. Oxide of copper diffolves^V. 
in ammonia. Mr Sage has defcribed its cryftalh'zarion. o{l 
It is decompofed by lime and potafs, and cuprat of lime .ui m0nia. 
and potafs are formed. _ 833 

6. Stannat of gold. When gold is precipitated byStannatof 
tin it unites with it. Vogel and Beaume firft obfervedgold* 
that the precipitate, which is purple, contained tin. 854 

7. Plumbat of lime. Lime-water boiled on the red pHnibat 

oxide of lead diffolved it. This folution, evaporated in aot 

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 affed the colour 
of filk, the lkin, 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 Bertbollet, 
The Ample mixture of lime and oxide of lead blackens///».•>.<£ 
thefe fubftances ; a proof that the fait is eafily formed J. Cbim. 1. 37. 

8. Zincat of ammonia. De Caffone has publilhed a ZuJ^toi 
great number of experiments on the property which ammonia, 
ammonia has of diffolving oxide of zinc. Lime-water j Id. ibid. 
and potafs alfo diffolve it <J. V- 4»* 

9. Antimoniat of potafs. When antimony is deto-Ant:monia{ 
nated with nitre in a crucible, part of its oxide unites 0f p0rafSi 
with the potafs of the nitre ||. j| Id. ibid. 

Chap. III. (yHYDROSULPHURETs. 

Sulphurated hydrogen gas, which has been defcri-Properties 
bed in the fivft part of this article, poffeffes almoft alloHuIphu- 
the properties of acids. It combines with water, anc^cjr0gen 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 , • 1 t dinn.dt 

Before giving any account of thefe compounds, which ciim. xxv. 
we {hall 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, 
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 hlr Berthollet 
has given the name of hydrogenous fulphurets. All fo- 
lutions of fulphurets in water are in fadt hydrogenous 
Lftplmrctg, Were it not for the formation and combi- 
nation of fulphurated hydrogen, the alkaline fulphurets 

would 
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Hydroful- would be completely deeompofed by water, and their 

phurets. fulphur precipitated ; for water has a ftronger affinity 
for the alkalies than fulphur has. This Berthollet 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- 
perfaturated with potafs was added, and the fulphur 
was immediately precipitated. In this experiment the 
fulphurated hydrogen was deftroyed by the oxygen of 
the oxy-muriatic acid ; and tbe precipitation of the ful- 
phur {hews 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 defcribed in Part I. chap. iii. 
fe&. 4. of this article, under the name of Blacl Sul- 
phuret of Mercury, is a hydrogenous fulphuret of mer- 
cury, and therefore differs from the red fulphuret of 
mercury or cinnabar by containing a quantity of ful- 
phurated hydrogen. Pot'afs has a flronger affinity for 
this laft fubftance than the fulphuret; potafs therefore, 
by the affiftance 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 defcribed in the feftion 
above referred to, and points out a much eafier procefs 
for obtaining that ufeful 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 
excels was afterwards driven off by means of heat. By 
this method hydrofulphurets of potafs, foda, and ammo- 
nia, may be formed. 

In order to form hydrofulphuret of lime, that earth 
was mixed with diftilled water, and fulphurated hydro- 
gen gas paffed into this mixture till a fufficient quan- 
tity of hvdrofulphuret 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 confuted 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. 

When the hydrofulphurats are prepared with the ne- Properties 
ceffary precautions to prevent the contadl of atmofphe-n hy'lro- 
rical air, they are colourlefs, but the aftion of the air uPluret8- 
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 a£l upon hydrogen, the 
fulphurated hydrogen gas exhales without the depolition 
of a fingle particle of tulphnr ; but if the hydrofulphu- 
ret has become yellow, feme fulphur is always depofited 
during its decompofition, and the quantity o{ fulphur is 
prc'portional to the deepnefs 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- 
genof 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 diminifhed, and 
that of the fulphur increafed to a certain point, the ful- 
phur and the hydrogen combine equally with oxygen. 

If fulphuric or muriatic acids be poured upon a hy- 
drofulpburet 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 fpontaneoufiy 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 Metallin*’ 
feveral of the metals, mercury, for inftance, and lilver : h>dr<<{ul- 
it combines with tbe greater number of the metallic ox- 
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- 
fulphurets, 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. 

Tire 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 

Green fulphat of 
iron. 

Red oxide of iron. 

Sulphat of zinc. 

Acetite of lead. 

Red oxide of lead. 

Nitrat of bifrnuth. 

Oxide of bifmuth. 

Nitrat of filver. 

Sulphat of copper. 

Green oxide of cop- 
per. 

Nitrat of mercury. 

Oxy-muriat of mer- 
cury. 

Red oxide of mer- 
cury. 

Muriat of tin. 

Oxy-muriat of tin. 

White oxide of tin. 

Sulphat of manga 
nefe. 

Black oxide of man 
ganefe. 

Nitrat of antimony, 

Tartrite of antimo- 
ny. 

White oxide of an 
timony. 

Solution of Hydn genous Sul- 
phuret of Potafs. 

A black precipitate, which 
becomes yellow by the con* 
tadf of the air. 

A white precipitate. 

A white precipitate, which by 
an addition becomes black. 

Water impregnated wi h Sul- 
phurated Hydrogen Gas. Hydrofulf huret of Potafs. 

Becomes black. The liquor 
remains very deep coloured 
if there be an excefs of ful- 
phurated hydrogen. 

A white precipitate. 

A black precipitate. 

Becomes black. 

A black precipitate. 

A brown precipitate. 

In a great deal of water, a 
brown colour. 

A white precipitate, which 
becomes black by addition. 

A precipitation of fulphur, 
and of the oxide. 

A yellow orange precipitate. 

A black precipitate. 

Becomes black. 

A black precipitate. 

A black precipitate. 

Becomes black. 

A brownifh black precipi- 
tate. 

A black precipitate. The 
potafs feparated. 

Becomes black. 

A white precipitate. 

A black precipitate. 

The potafs feparated. 

A black precipitate. 

A black precipitate. 

A black precipitate. 

Separation of the potafs. 

A white precipitate, beco- 
ming black by an addition. 

Blackifh. 

No change. 

No change. 

No change. 

The odour difappears. An 
excefs of the water diffolves 
the oxide. 

An orange colour, but no 
precipitate. 

Becomes yellow after fome 
feconds. 

A brownifh black precipi- 
tate. 

White, becomes black by ad- 
dition. 

A heat produced which cau- 
fed the hy drofulphuret to boil. 
The alkali feparated (a). 

A black precipitate. 

A precipitate of white oxide 
of tin, and a difengagement 
of fulphurated hydrogen gas. 

Difengagement of fulphura- 
ted hydrogen gas. 

A white precipitate. 

Ammonia difengaged. Heat, 
The liquor boils (a). 

A reddifh orange precipitate. 

An orange red precipitate, 
rediffolved by an *fexcefs of 
hydrofulphuret. 

The liquor lofes its colour(A). 

Hydroful* 
phurcts 

Metallic 

( a) In thefe, hydrofulphuret of ammonia was ufed rnflead of hydrofulphuret of potafs. 
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3<H 
CryHallizra- 

tion. 

Metallic Solutions. 

Oxtde of antimony 
fublimed. 

Solution of oxide of 
arfenic. 

Sulphat of titanium. 

Molybdic acid. 

Solution of Hydrogenous Sul- 
phuret of Potafs. 

Sulphuret decompofed as by 
an acid. 

Water impregnated with Sul- 
phurated Hydrogen Gas. 

Scarcely changes colour. 

Becomes fomevvhat muddy, 
and of a yellow colour. 

A brown precipitate. 

Hydrofulphuret of Potafs. 

A yellow colour, but no pre- 
cipitate. 

A precipitate of a deep green. 

A brown precipitate. 

Chap. IV. O/-Crystallization. 
8*4 

©ryftals The word cryftal, in its ftriA and proper fenfe, fig- 
nifies a tranfparent body pofTefled 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* 

Jiallixation is the a£l 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 cryfiallization is confefledly 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 diltance from 
each other, and that they muft be at liberty to obey the 
laws of attra&ion. They may be put into this fit nation 
by three methods, folution, fufpenfion, and fufion. 

Formed by 1 ■ Solution is the common method of cryftallizing 
ftdution, falts. They are diflblved 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- 
fents 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, effedl 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 : tire 
confequence of which is, that the faline particles gra- 
dually approach each other and cryftallize. Sulphat of 
foda is a fait of this kind. To cryftallize fuch .falls, 
nothing more is necelfary than to faturate hot water 
with them, and fet it by to coof. But were we to at- 
tempt to cryftallize them by evaporating the hot water, 
we fhould not fucceed ; nothing would be procured but 
a lhapelefs mafs. Many of the falls 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 are 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 Sul-pen(jony 
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 f°-Ancj fu^ 
luble in water, nor capable of being fo minutely divided fion. 
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 is fufion, 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 impoffible to reduce to a cryftalline form, either' 
by thefe or any other method. Whether this be owing 
to the nature of thefe bodies themfelvcs, or to our ig- 
norance of the laws by which cryftals are formed, as is s 
much more likely, cannot he determined.: . 

The phenomena of cryftallization feem to have at'” cryftaii;.- 
trailed but little of the attention of the ancient philo-zarion eXj 
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 fchoolmeu 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- on 
cles united in fueh a manner as to form regular figures ? of Form j and 
Thefe queftions were anfwered by Newton. Accord- Qyalititt. 
ing to him, the aggregation is produced by the at- 
traction which he had proved to ex ill between the par- 
ticles of all bodies, and which acts 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 explainer! 
by fuppofing, that while in a ftate of folution they were 
arranged in the liquid in regular rank and file; the con- • 
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fequence of which, as they are a&ed upon by a power 
which at equal diftances ia equal, at unequal dillances 
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 chemiftry. 

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 afiume a cryftalline form fo 
readily if they are allowed to cool in clofe vefiels. 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 fueh 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 flowly and parts with it very flovvly. In ffiort, 
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 conducing power of metals, w-hile 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 ftill 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 32° 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, wdiy have 
not all cryftals the fame form ? Some have afcribed 
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 afcribed it to the forms of the particles 
themfelves f ; 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 ; Cryftalliza- 
and therefore their polarity, which is merely a fuppofi- 
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-iided prifms would alfo 
produce a fix-fided prifm; and eight tetrahedrons would 
form a very different figure. 

But it will be aflced, if the figure of cryftals depends 
entirely upon the form of the particles that compofe 
them, how comes it that the fame fubltance does not 
always cryftallfze in the fame way, but prefents often 
fuch a variety of forms that it is Icarcely poffible to 
reckon them? We aufwer, that thefe various forms are 
fometimes owing to variations in the ingredients which 
compofe the integrant particles of any particular body. 
Alum, for inffance, cryftallizes in odlahedrons; but 
when a quantity of alumina is added, it cryftallizes in 
cubes ; and when there is an excefs of alumina, it does 
not cryftallize at all. If the proportion of alumina va- 
ries between that which produces odlahedrons and what 
produces cubic cryftals, the cryftals become figures with 
fourteen fides ; fix of which are parallel to thofe of the 
cube and eight to thofe of the odtahedron ; and ac- 
cording as the proportions approach nearer to thofe 
which form cubes or odtahedrons, the cryftals affume 
more or lefs of the form of cubes or octahedrons. What 
is ftill more, if a cubic cryftal of alum be put into a 
folution that would afford odtahedral cryftals, it paffes 
into an odtahedron : and, on the other hand, an odtahe- 
dral cryftal put into a folution that would afford cubic 
cryftals, becomes itfelf a cube *. Now, how difficult & * pe piani 
matter it is to proportion the different ingredients with jinn, dc 
abfolute exadtnefs, muft appear evident to all. Chim. xiv„v 

Another circumftance which contributes much to va-149- 
ry the form of cryftals, is the different degree of con- 
centration to which their folution has been reduced, and 
the rapidity or ftownels with which they are formed. 
For it is too evident to require illuftration, that when 
cryftals are depofited very rapidly they muft obftrudl 
one another, and mix together fo as very much to ob- 
fcure 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, ^ 
Mr Hauy has fkewn that every particular ipecies ofory0£cry. 
cryftals has a primitive figure, and that the variationsftais. 
are owing to the different ways in which the particles 
arrange themfelves. Of this theory, which is certainly 
exceedingly ingenious, and even fatisfa£tory, we fhall 
attempt to give a fhort view. 

Happening to take up a hexangular prifm of calca- 
reous fpar, or carbonat oflime, 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 fradfure prefented a very fmooth furface. Let abcde 
fgh (fig. 8.) be the cryftal; the fradlure lay obliquely as 
the trapezium/> j a/, and made an angle of X35°> both 
with the remainder of the bafe abcs ph and with tue.f, the 
remainder of the fide i n ef. Obferving that the fegment 
p sutin thus cut off had for its vertex in, one of the edges 
of the bafe a £ t«i A of the prifm, he attempted to detach 
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, tl0n• , c n belonged, employed for that purpofe the blade of 
v" a knife, direfted 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 effedt 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 refraftory. He then went to the 
other bafe of the prifm d e f g b r, and found, that the 
edges which admitted fedtions 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, b r, gf The tra- 
pezium l q y v reprefents the fedlion of the fegment, 
which had k r for its vertex. This fedtion was evident- 
ly parallel to the fedtion p s u t ; and the other four fec- 
tions were alfo parallel two and two. Thefe fedlions 
were, without doubt, the natural joinings of the layers 
of the cryftal. And he eafily fucceeded in making 
others parallel to them, without its being pofiible for 
him to divide the cryftal in any other diredtion. In 
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, 
ZQPXY at the other, were the refults of mechanical 
divifion, 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 fe&ions parallel to the former ones, 
the lateral pentagons diminifhed in length ; and at laft 
the points R, G coinciding with the points Y, Z, the 
points S, R with the points U, Y, See. there remained 
nothing of the^ lateral pentagons but the triangles YIZ, 
UXY, Sec. (fig. 10.). By continuing the fame fec- 
tions, thefe triangles at laft difappeared, and the prifm 
was converted into the rhomboid a e (fig. u.). 

So unexpedled 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 fubttances 
could be 1 educed in the fame manner to certain primi- 
tive forms ; always the fame in the fame fubftances, but 
every lubilance having its own peculiar form. The 
primitive form of fiuat lime, for inftance,-was an oc- 
tahedron ; of fulphat of barytes, a prifm with rhomboi- 
oal bales ; of field-fpath, an oblique angled parallelepi- 
ped, but not rhomboidal ; of adamantine fpar, a rhom- 
boid, fomewhat acute ; of blende, a dodecahedron, with 

. rhomboidal fides ; and fo on. 
^ bHc muft be confidered as the real primitive forms 

ot the cryftals ; the other forms which they often af- 
lume may be called fecctidary forms. 

T. he primitive cryftals obtained by the above procefs 
maybe divided byfeaions parallel to their different fides: 
-iii the matter which furrounded this primitive cryftal 
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(c) The explanation of Bergman is not very different. See his Ofiufc. 
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may alfo be divided by fe&ions parallel to the fides of Cryflalliza- 
the primitive cryftal. It follows from this, that the , tioi1, 

parts detached by means of thefe fe&ions are fimilar v 

and differ from one another only in fize, which dimini- 
fhes 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 fhould come to the fmall. 
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 obje&ions 
.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 
iome 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). ; 

To explain this, let us fuppofe that EP (fig. 12.) re- 
prelents 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 fitua- 
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 iix folid angles, compofed of four plains, to- 
wn, the angles L, O, E, N, R, P (fig. 12.) ; and con. 
iequently, by making fe&ions through the fmaller dia- 
gonals of the fides that form thefe angles, fix fquares 
will be made apparent, which are the fix fides of the 
primitive cube, three of which are reprefented in fisr 1 - 
CDFG, ABCD, BCGH. g 3* 

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?. 
To make this appear, let us fuppofe that ABFG (fig-* 
14. ) is a cube compofed of 729 fmall cubes: Each of 
its fides will connft of 81 fquares, being the external 
fides of as many cubic particles, which together con- 
ftitute the cube. Upon ABCD, one of the fides of 
this cube, let us apply a fquare lamina, compofed of 
cubes equal to thofe of which the primitive cryftal con- 
fills, but which has on each fide a row of cubes lefs 
than tne outermoft layer of the primitive cube. It will 
of courfe be compofed of 49 cubes, 7 on each fide ; f<> 
that its lower bale onjg (fig. 15.) will fall exa&lyon 
the fquare marked with the fame letters in fD IJL 

7 

Above this lamina let us apply a fecond / J/fig 

   3D tVj; 
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Cryftalliza-16.), Gompcfed of 2£ cubes ; it will be fituated exactly 

t^on' ^ above the fquare marked with the fame letters (fig. 
U“^v ' 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 (hall 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. I4.)> 
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, owfing to 
the gradual diminution of the lamime of the cubes which 
compofe them, thefe fides wfill refemble the fteps of a 
flair. We can fuppofe, however (what mud 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 are imperceptible. Now DCBE (fig. 
jq.) being the pyramid refling upon the face ABCD 
(fig. 14.), and CBOG (fig. 19.) the pyramid applied 
to the next face BCGH (fig. I4.)> if we confider that 
every thing is uniform from E to O (fig. 19.) m the 
manner in which the edges of the lamina of fuperpofition 
(as the Abbe Hauy calls the laminse which compofe the 
pyramids) mutually projedt beyond each other, it will 
readily be conceived, that the face CEB of the firll 
pyramid ought to be exadlly 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 cryflal 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 cryilal would confiil of 24 ifo- 
fceles triangles, all inclined towards each other. 

In this manner Mr Hauy has (hewn, that a variety 
of fecondary cryflals are formed, and that their forms 
vary by means of (light variations in the ratio of the 
dterement. Dodecahedral fulphuret of iron, for inftance, 
is formed from a cubic nucleus, by the addition of la- 
minae, decreafing, as in the example given above, with 
th is difference, that from every lamina laid upon the 
face ABCD (fig. 14.) only one rowr of cubes are fub- 
tradted at the fides AD and BC refpedlively ; whereas 
two rows are fubtradted 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. I4*)» 
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, twro triangles. Let usCryftalliza- 
fuppofe alfo, that with regard to the laminae of fuper- . 
petition which arife on the face BCGH (fig. 14.), the * 
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 
diredlion oppofite 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 (land each like that which arifes on the op- 
pofite face. 

The fides of all the fix pyramids thus formed amount 
to twelve trapeziums and 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 cryftals are conftru£led, ac- 
cording to the theory of that ingenious philofopher. 

In his refearches on this fubjedl, Mr Hauy percei- 
ved, that fome cryftals aflumed fecondary forms which 
could not be accounted for by any decrement whatever 
along the edges. Thus, for inftance, fome bodies, the 
primary form of w'hich is cubic, are fometimes found 
cryftallized in regular o&agons. Mr Hauy explains 
the formation of thefe fecondary cryftals, 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, b, c, d, e, /, h, i, are in the direction of the diago- 
nal of the fquare ABCD ; that the row of cubes q, v, 
k, u, x,y, z, is parallel to the diagonal; as alfo the row 
n, ty /, m,p, 0, r, 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- 
lid, in which the laminse of fuperpofition (hall decreafe 
on all fides by fingle rows of cubes, but in a dire&ion 
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. reprefents the fuperior furface 
of the firft lamina of fuperpofition; which muft be 
placed above ABCD (fig. 22.) in fuch a manner that 
the points o', b', d, d!, (fig. 23.) anfwer to the points 
a, by c, dy (fig. 2 2.). By this difpofition the fquares 
A a, 'RbyC.Cy'D d (fig. 22.), which compofe the four 
outermoft rows of fquares parallel to the diagonals AC, 
13D, remain uncovered. It is evident alfo, that the 
borders QV, ON, IL, GF (fig. 23.), projea 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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lion. parts AB, BC, CD, DA, of the cryital; which angles 
'—v——' appear to be excluded by the laws which determine the 

formation of limple cryitals, or, which comes to the 
fame thing, no inch angles are ever oblerved in any cry- 
ftal. The folid mull increafe, then, in thofe parts to 
which the decrement does not extend. But as this de- 
crement is alone fufficient to determine the form of the 
fecondary cryftal, we may fet afxde all the other varia- 
tions which intervene only in a fubiidiary manner, ex- 
cept when it is wifhed, as in the prefent' cafe, to con- 
ftruct artiticially a folid reprefentation of a cryilal, and 
to exhibit all the details which relate to its ftrufture. 

The fuperior face of the fecond lamina will be A! 
G L'K (fig. 24.). It muft be placed fo that the points 
a", b", c", d", correfpond to the points a b c d’ (tig. 23. j, 
which will leave uncovered a iecond row of cubes at 
each angle parallel to the diagonals AC and BD. 
The folid ftill increafes towards the lides. The large 
faces of the laminas of fuperpolltion, w hich in fig. 23. 
were octagons, in fig. 24. arrive at that of a fquare ; 
and when they pafs that term they decreafe on all 
fides ; fo that the next lamina has for its fuperior face 
the fquare B'ML'S' (fig. 25.), lefs by one range in 
eve*y direction than the preceding lamina (fig. 24.). 
This fquare muft be placed fo that the points h’, 
(fig. 25.) correfpond to the points e/f, g, h (fig. 24.). 
Figures 26, 27, 28, and 29, reprefent the four lamina; 
which ought to rife fucceffively above the preceding; the 
manner of placing them being pointed out by corre- 
fponding letters, as was done with refptd to the three 
fir ft laminae. The laft lamina 2' (fig. 30.) is a fingle cube, 
which ought to be placed upon the fquare 2 (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 formed by laminae, 
which began by increafing, and afterwards decreafed, 
muft 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 laminae 
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 cryftal thus pro- 
duced, muft evidently confift of 24 quadrilaterals (for 
pyramids are raifed on the other 5 fides of the primary 
cube exactly in the fame manner), difpofed 3 and 3 
around each folid angle of the nucleus. But in confe- 
quence of the decrement by one range, the three qua- 
drilaterals which belong to each iolid 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 oftagon. 
This is the ftrufture of the o&ahedral fulphuret of lead 
and of muriat of foda. 

Decrements which take place in this manner have 
been called by Mr Hauy decrements on the angles. 

There are certain cryftals 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- 
t raft ions are made by ranges of double, triple, &c., tl011‘ . 
moleculae. Fig. 33. exhibits an inftance of the fub- 1 

traftions in queftion ; and it is feen that the mole- 
culae which compofe the range reprefented by that fi- 
gure are aflbrted in fuch a manner as if of two there 
were formed only one ; fo that vve need only to con- 
ceive the cryftal compofed of parallelopipedons having 
their bafes equal to the fmail rectangles a b c d, e df g, 
h g i l, &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 in- 
termediate. 

In other cryftals the decrements, either on the edges 
or on the angles, vary according to law’s, the proportion 
of which cannot be exprefled but by the fraction ^ 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 fedtion of one of the kinds of pyra: . ds 
which w'ould refult from this decrement ; the effect of 
which may be readily conceived, by confidering that . B 
is a horizontal line taken on the upper bafe of the nu- 
cleus, b a z r the fedlion of the firft lamina of fuperpo- 
fition, gf 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 fubjedt- 
ed depend, according to Mr Hauy, on the laws of 
ftrudlure 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 odtahedron 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, tw’O, 
three ranges, &c. which adls 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 refpedfive 
inclinations, or by the 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 fubje&ed to feveral 
laws of decrement that fucceed each other. In ihort, 
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 limultaneous laws of de- 
crement he has called compoundfecondar\ forms. 

“ If amidft this diverftty 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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Cryftalliza- of the forms which might exift in each kind of mineral 

ticn. would be immerfe, and exceed what could be imagined. 
]3ut the power which effefts the fubtra&ions feems to 
have a very limited a&ion. Thefe fubtradtions, for the 
moft part, take place by one or two ranges of molecules. 
I have found none which exceeded four ranges, except 
in a variety of calcareous fpar, forming part of the col- 
ledlion of C. Gillet Laumont, the ftrudture of which de- 
pends on a decrement by fix ranges; fo that it there exilt 
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 cryftaliization are circumfcribed, I have found, 
by confining myfelf to two of the fimpleft laws, that is 
to fay, thofe which produce fubtradlions by one or two 
ranges, that calcareous fpar is fufceptible of two thou- 
fand 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 
K,388,6o4.pofiible forms in regard to the irame fubftance. 
This number may be ftill very much augmented in con- 
fequence of decrements either mixed or intermediary. 

“ The ftriae remarked on the furface of a multitude 
of cryftals afford a new proof in favour of theory, as 
they always have diredtions parallel to the projefting 
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 perfecting that fo deli- 
cate operation of nature, there have been ftarts and in- 
terruptions in their progrefs, fo that, the law of conti- 
nuity not having been exaCtly obferved, there have re- 
mained on the furface of the cryftal vacancies apparent 
to our eyes. Thefe fmail deviations are attended with 
this advantage, that they point out the dire&ion accord- 
ing to which the ftrias 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 ftruclure. 

“ The fmall vacuities which the edges of the laminae 
of fuperpofition leave on the furface of even the moft per- 
fe£t fecondary cryftals, by their re-entering and falient 
angles, thus afford a fatisfaftory folution of 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 fmall 
planes,, really inclined to one another, but which, on 
account of their fmallnefs, prefent the appearance of 
one plane ; fo that if the divifion could reach its utmofl 
bounds, all thefe fragments would be fefolved into mole- 
cules fimilar to each other, and to thofe fituated to- 
wards the centre. 
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“ 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 fmall tetrahedra, having ifofceles triangular 
faces ; and I have found it in fparry fluor (Jluat of 
limeJ, where there is alfo an affemblage of tetrahedra, 
but regular ; that is to fay, the faces of which are equi- 
lateraitriangles. Nay more, it is poffible that fimilar 
molecules may produce the fame cryftalline form by dif- 
ferent lav/s of decrement. In ftiort, calculation has 
conduced me to another refult, which appeared to me 
ftill more remarkable, which is, that, in confequence of 
a fimple law of decrement, there may exift a cryftal 
which externally has a perfect refemblance to the nu- 
cleus, that is to fay, to a folid that does not arife from 
any law of decrement ^ 

Chim. xviu 
Such is a fliort view of the theory by which Mr22'** 

Hauy explains the various cryftalline forms of the 
fame fubftance. We would with pleafure have entered 
more into detail, had not moft 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 Ikill 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 fubjeft, therefore, deferves to be inveftigated with 
the greateft care. 

Mr Hauy has found, that the primitive form of all 
the cryftals which he has examined may be reduced to 
fix; i. The parallelopipedon in general, comprehending 
the cube, the rhomboid, and all folids terminated by fix 
fides parallel two and two; 2. The regular tetrahedron ; 
3. The oftahedron 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 exadtly 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 iuppofition, 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 compole 
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 difco- 
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 a,Jlep in refearches 
of fo difficult a nature is of very great confequence. 

We 
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We have now finillied the three firfl parts of this ar- 
ticle, 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 lhall finilh this article with a few remarks upon 
the chemical nomenclature, which for fome time part, 
has been an object of ferious attention. 

Chemiltry was unfortunately firft cultivated by a fet 
of ignorant men, filled with the higheft notions of their 
own importance, and buoyed up with the mighty feats 

meuclature. wj)jcj1 were tQ 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 chemillry with the moll 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 
ef vitriol, the wonderful fait, the fecret fait, the fait with 
many virtues, the fait of two ingredients, the foliated earth 
of tartar, were the names by which they diftinguifhed 
fome of the moft familiar preparations ; and, were it 
worth' while,- a great many more names of the fame 
ftamp might eafily be added. 

As Coon as chemiftry 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 objedts 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 
halts fcarcely exceeded 20 or 30. To remember names 
for fo fmall a number of bodies, however ridiculous they 
happened to be, was ho 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- connected with it, and 
which it had to deferibe, foon became immenfe; and if 
every one of them received names not dependant upon1 

one another, the moft retentive memory could not have 
remembered the thoufandth part of thenr. 

The difficulty of Undying chemiftry from that time 
till the year 178-2 muft have, been very great : it was 
even perceived and complained of by* the matters of the 
fcience. In i 782 Mr de Morveau, who had undertaken 
the chemical part of the Encyclopedic Methodique, pub- 
liffied in the Journal de Phyfique a new chemical no- 
menclature, and at the fame time invited all thofe per- 
fons who were fond of chemiftry, and interefted in its 
progrefs, to propofe objections and improvements. 

This new nomenclature wras formed agreeable to< the 
five following rules :. 
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1. Every fubftance ought to have a name, and not to Conclufion, 

be denoted by a phrafe. u—y—— 
2. Names ought to be as much as poffible conformable 

to the nature of the things fignified by them. 
3. When the character of a fubftance 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. In 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 poffible 
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 fooner*.” Met hid' 

This nomenclature was adopted by feveral chemifts, chim. Pre- 
and it was ufed in the greateft part of the firft volumeface.' 
of the chemical part of the Encyclopedic Methodique; 
but the new difeoveries in chemiftry 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 ftill nearer to perfedlion. Thefe philofo- 
phers, affifted by the mathematicians’of the Royal Aca- 
demy and by feveral chemifts,Tormed a new nomencla- 
ture, which they made public in 1787, 

For fome time little attention was paid to this no- 
menclature by foreign chemifts, and it feemed generally 
to be difapproved. The adherents of the phlogiftie 
fyftem 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 crufh, if poffible, this new inftru- 
ment, which they confidered as 

in nofros fabric at a machina muros. 
Infpcdura domos, venturaque defuper urbi. 

And for this purpofe-they exerted themfelves with a vi- - 
gour, which was only equalled by the zeal and indefati- 
gable exertions of their antagonifts.- A kind of civil 
war was thus kindled in the republic of letters; which 
was carried on with great animofity: And pofterity 
will fee, with regret, men of undoubted genius at times 
divefting themfelves of the armour of truth and of can- 
dour, and endeavouring to ferve their party, and ftab 
their adverfaries with darts fteeped in the ppifon of ca- 
lumny and falfehood *. This conteft, however, which } gce ^ 
was not confined to France, was productive of good cLjtitm.de 
feds, which infinitely furpaffed all the bad ones. It ^hf f°r ' 

occa 'I**' *9’  occa 90,91,/^- 
fm~ 

f d) See his thoughts on a natural hiftory of foffils in the 4th vol. of his Opufc, 
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Conc'ufion. occafioned an accumulation of fa&s, produced a rigid 

examination of tlieories and opinions, introduced an ac- 
curacy into chemical experiments which has been of the 
moft effential fervice, and gave that tone and vigour to 
the cultivators of chemiftry which have brought to light 
the moft fublime and unlooked-for truths. It defervea 
attention, and the faft is no inconfiderable evidence in 
favour of the antiphlogiftic theory, that almoft all the 
illuftrious chemifts who at prefent adhere to it declared 
originally againft it. Berthollet, Morveau, Black, Kir- 
wan, and many other chemifts who are now its ableft 
defenders, were at firft its moft powerful opponents. 
“ This fyftem had hardly been publifhed in France 
(fays Dr Prieftley, who ftill continues to adhere to the 
doftrine of phlogifton) before the principal philofophers 
and chemifts of England, notwithftanding the rivalfhip 
which has longfublifted 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 oppofition 
to it. The Englilh reviewers of books, I perceive, uni- 
verfally favour the new do&rine. In America, alfo, I 
hear 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 age 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 difcuflion, 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 fubjeCl, 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 efpecially to chemiftry, than any ten in 

tlonson ‘the t^ie Preceding century 
Lsirine of We have endeavoured in the preceding article to ftate 
pblogifon, the different theories which have fucceffively made their 
Introduc- appearance in chemijlry with as much fairnefs as pollible. 
tion’ If we have fucceeded, the reader will be enabled to 

judge for himfelf which of thefe theories is the moft con- 
fiftent with truth ; or rather, if we have fucceeded, he 
will join with us in thinking that the theory of Lavoi- 
fier is in moft 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, moft of the objeftions that were made 
to it wTere rather levelled at the doftrine of thofe who 
formed it, than at the nomenclature itfelf. Its fu- 
periority to every other nomenclature cannot be dif- 
puted for an inftant; and the vaft facility which it has 
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added to the acquifition of chemiftry, muft be acknow-Conchfian. 
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 almoft 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, w^e do not mean to enter. Few of 
thefe terms can bear a comparifon wnth the French no- 
menclature, and ftill fewer have any claim to be pre- 
ferred to it; and the philofophers who perfift in thefe 
ufelefs innovations, are more probably actuated by the 
delire of appearing to have a ftiare 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 dilplayed 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 wdio 
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 perfedf, than could have been expedted; and who- 
ever compares it with the nomenclature propofed in 
1782 by Morveau, wdll fee how great a ihare of ikut§ 
due to that illuftrious philofopher. 

Notwithftanding what wre have here faid, we would 
not be underftood to confider the new nomenclature as 
already arrived at a ftate of fuch abfolut^ perfedtion, that 
no alteration whatever can be made in it except for the 
worfe. Such perfedtion belongs not to the wrorks of 
man ; nor if it did, could it be expedfed 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 of 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 expedf with confidence that the language of 
chemiftry wall in its advancement to perfedtion 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 Britifh 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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Acid principle, 388. 
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Acid foaps, Part III. chap i. 

fe£t. 2. 
Acids, Part II. chap. v. 
Acids, animal, 549. 
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vegetable, 526. 

Acidum pingue, 374. 
Adhefion explained, 566. 

experiments on, 577* 
Aerial acid, 457* 
ALs, meaning of the word, p. 

239, note. 
^imV^explained, n° 13, and Part 

II. chap. vi. 
Ajjinity, compound, 580. 

difpofing, 581. 
Ample, 579. 

Agujlina, 239. 
Air, a non-condu£tor of calo- 

ric, 260. 
artificial, 457. 

Alcohol, Part II. ch. ii. 
analyfis of, 3^3. 
fubftances, foluble in, 

35s- , . 
Alkalies, Part II. ch. iv. 
Alkali vegetabile vkriolatum, 

p. 359, note. 
Alkaline foaps, Part III. ch. i. 

fed!. 1. 
Alloy explained, p. 226, note. 
Alum, n° 636. 

fpirit of, p. 362, note. 
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acetite of, 784. 
benzoat of, 821. 
borat of, 749. 
camphorat of, 829. 
carbonat of, 775. 
eitrat of, 814. 
.float of, 765. 
ladfat of, 817. 
snuriat of, 705. 
nitrat of, 676. 
oxalat of, 805. 
phofphat of, 735. 
faccholat of, 8180 

Alumina, febat of, n° 847* 
foap of, 594. 
fuberat of, 836. 
fulphat of, 627. 
fulphite of, 665. 
tartrite of, 8II. 

Amalgam, what, 93. 
Amber, 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. 
float of, 761. 
ladlat of, 817. 
malat of, 816. 
mercuriat 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. 
Antimony, Parti, ch.iii. fed!.IO. 

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 tl. ch. v. 
fed!. 29. 

Apulum,. n° 240. 
Aquafortis, 407.. 
Aqua-regia, p. 224, note.. 
Arcanum duplicatum, n° 624. 

tartari,. 777. 
Arfeniats,* 552, and Part III. 

ch. ii. fed!. 26. 
Arfenic, Part I. ch. iii. fed!. 12.. 

acid, 550. 
acetite of, 795. 
benzoat of> 822* 

Arfenic, borat of, nQ 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. 
ladtat of, 817. 
malat of, 816. 
muriat of, 699. 
nitrat of, 671. 
oxalat of, 805. 
©xymuriat of, 724- 
phofphat of, 731. 
prufliat of, 838. 
faccholat of, 818.. 
foap of, 595. 
fuberat of, 834. 
fulphat of, 628. 
fulphite of, 661. 

Barytic, water, 209. 
Beer, when fir it known, 340. 
Bell metal, 122. 
Benxoats, 501, and Part III. 

ch. ii. fed!. 19. 
Benzoic acid, Part II. ch. v. 

fed!. 20. 
Benzoin, 499. 

foap of, 608. 
Bergman, charadter of, 114. 
Bifmuth, Part I. ch. iii. fed!. 11, 

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. 
Bailing point of water, experi- 

ments on, 337, 338. 
Bologna ftone, 629. 
Bombyc acid, 546. 
Boracic acid, Part II. ch. v. 

fed!. 8. 
Borats, 447, and Part II. ch. ii. 

fed. 8. 
Borax, 441, 744. 
Barbonium, 240. 
Brafs, 140. 
Brittlenefs, to what owing, 303,. 
Bronze, 122. 
Brunfwick green, 812. 

C 

Cadmea, 134. 
Careous acid, 457;.. 
Ca/chantum, 641. 
Calcination, 61. 
Calomel, 718, 725- 
Caloric, Part I. ch. v. 

whether a fubllance, 
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. 21. 
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. 

Carbonate, 462, and Part III. 
ch. ii. fed!. 10.. 

Carbonated hydrogen gas, 42, 
and Part III. ch. iii. 

Carbonated azotic gas, 30. 
Carbonic 



4oo 
Carbonic acid, 32, and Part II. 

ch. v. fe6L 10. 
Carbunets, n° 35. 
Carbunet of iron, 109. 

manganefe, '75- 
zinc, 139. 

Camallo’s experiments on light, 
345-. 

>Ca.vendl/h, Henry, difcovers the 
compofition of wa- 
ter, 341. _ 

and of nitric acid, 
409. 

tCauJlicum acidum, 374. 
Cementation, 113. 
Chalybeated tartar, 812. 
Charcoal, conducing power of, 

252. 
Chemijlry, definition of, 1. 
Chronic acid, Part II. ch. v. 

feft. 35. 
Chromum, 189. 
Cinnabar, 91. 
Cilrats, 478, and Part III. ch. 

ii. fe<?I. 14. 
Citric acid, 476. 
Cobalt, Part I. ch. iii. fe£I. 13. 

acetite of, 790. 
benzoat of, 822. 
borat of, 752. 
fluat of, 767. 
muriat of, 710. 
nitrat of, 680. 
oxaht of, 806. 
foap of, 598. 
fulphat of, 646. 

Cohrjion, 570. 
Cold, methodofproducing,28o. 

why produced by mix- 
tures, 282. 

Colour effefts the heating of 
bodies by light, 335. 

Colouring matter of Prufiian 
blue, 533. 

Combuflion explained, 293. 
Common falls, 696. 
Compound affinity, 583. 
Compound ho&izs. Part II. 
Condenfation diminiffies fpecific 

caloric, 303. 
Conducting powers of bodies, 

251, 286. 
CcntaEl, no abfolute, 568. 
Copper, Part I. ch. iii. feft. 5. 

acetite of, 792. 
benzoat of, 822. 
borat of, 756. 
citrat of, 815. 
fluat of, 767. 
muriat of, 714. 
nitrat of, 685. 
oxalat of, 806. 
febat of, 848. 
foap of, 602. 
fulphat of, 684. 

CHEMISTRY. 
Corh, n° 511. 
Corrojive muriat of mercury, 

7.25- 
fublimate, 725. 

Corundum, 236. 
Cra wford, Dr, his experiments 

on fpecific caloric, 
264. 

his theory of com- 
buition, 297. 

Cryflal, rock, 216. 
Cryjlallixation, Part III. ch. iv. 
Cryjlals, what, 18, 864. 
Cuprum, when firfi; ufed, page 

239, note. 
D 

Decrepitation explained, p. 359. 
notes. 

De Luc's theory of light, 332. 
Denjity, increafed by hammer- 

ing. 
of different mixtures of 

acidsand water, 397. 
41!, 424- 

Dephlogijlicated air, 6. 
muriatic acid, 

428. 
Detonation of nitre, 667. 
Diamond, 38. 
Digejlive fait of Sylvius, 777. 
Difpo/ing affinity, 584. 
Diuretic fait, 777. 
Ductility, 60. 

Earths, Part I. ch. iv. 
properties of, 192. 
combinations with each 

other, 205, 217. 
225. 

remarks on, 240. 
Effervefcence, what, page 214, 

note. 
EJJlorefcing explained, n° 626, 

and note. 
Eggs hatched by eleftricity, 

SM- 
EleSrive attraftion, what, 13. 
Electricity, analogy between and 

caloric, 246. 
whether an agent in 

producing heat by 
friftion, 314. 

Emetic tartar, 812. 
Empyreal air, 6. 
Epfum fait, 633. 
Equilibrium of caloric, 246. 
Ether, 355. 
Ethiops mineral, 90. 
Eudiometer, 420. 
Euler's theory of light, 315. 
Expanfwn of bodies, table of, 

242. 
ExtraS of Saturn, 790. 

F 
Eat, 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. 

Fluats, 455. and Part III. ch. 
ii. feft. 9. 

Fluids, whether conduftors of 
caloric, 256. 

proved that they are, 25 9. 
Fluor, 449.* 
Fluoric acid, Part II. ch. v. 

feft. 9. 
Formic acid, 529. 
Formica rufa, 539. 
Franklin's experiments on the 

heating of bodies by light, 
325- 

Friction, caloric produced by, 
3°7» 3,0' 

Fulminating gold, 849. 
filver, 850. 

Furs, in what their warmth con- 
flfts, 260. 

Fufible fpar, 449. 
Fufion, 867. 

G 
Gallats, 498, and Part III. ch. 

ii. feft. 18. 
Gallic acid, Part II. ch. v. feft. 

I9- 
Galls, 493. 
Gas explained, 3, 45'7. 
Gafeous form of bodies, to what 

owung, 279. 
Gafes, not heated red hot, 327. 
Glafs, 377. 

conduftingpowerof, 253. 
of antimony, 145. 

Glauber's fait, 626. 
Glucina, 236, 237. 
Gold, Part I. ch. iii. feft. 1. 

afted on by nitric acid, 
4i3- . 

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. 

H 
Hartjhom, 382. 
Hauy's theoryof cryftallization, 

872. 
Heat, Part I. ch. v. 

makes bodies luminous, 
326. 

Hepatic gas, 40. 
Hot bodies lighter than cold, 

248. 

Index. 
Houi poun, 1V5 441. 
Hutton's theory of light, 333. 

explanation of the ap- 
parent refleftion of 
cold, page 283, note. 

Hydrogen gas, Part I. ch. ii. 
feft. 4. 

Hydrogenous fulphurets, 858. 
Hydrofulphurets, Part III. ch, 

in. 
1 

fames's powder, 742. 
Jargon, 243. 
Jargonia, Part I. ch. iv. feft. 7. 

& page 363, note, 
acetite of, n° 785. 
muriat of, 706. 
nitrat of, 677. 
fulphat of, 640. 

Ice, 335. 
Inflammable air, page 217. 
Iron, Part I. ch. iii. feft. & 

caft, 113. 
cold fliort, 108. 
wrought, in. 
acetite of, 786. 
benzoat of, 822. 
borat of, 750. 
carbonat of, 776. 
citrat of, 815. 

* fluat of, 767. 
green fulphat of, 641. 
laftat 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. 
foap of, 601. 
fulphite of, 666. 
tartrite of, 812. 

Irvine, Dr, his theory of heat> 
296. 

theorem to difcoverthe 
real zeno, 272. 

K 
Kirwan's theory of phlogifton, 

299- 
experiments on the 

ftrength of acids, 
497* 511- 

L 
Lac, white 517. 
Laccic acid, Part II. ch. v. feft, 

24. 
LaEtals, 486, and Part III. cb» 

ii. feft. 16. 
Z/flfii<:acid,Part II.ch.v.feft.17, 
Lana philofophica, page, 238. 

note. 
Latent caloric, n° 269. 
Lavoifier and La Place, experi- 

ments 



Index. 
ments of on fpecific caloric, 

n9 265. 
-Leadt Part I. ch. iii. fe£t. 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, 
fulphat of, 647. 

Lemons, eflential fait of, 802. 
Light, Part I. ch. vi. 
Ligneous acid, page 333, note. 

L 
Lime, Part I. ch. iv. fe£l. 1. 

acetite of, 781. 
benzoat of, 821. 
borat of, 746. 
camphorat of, 827. 
citrat of, 814. 
fluat of, 763. 
ladfat of, 817. 
malat of, 8 16. 
mercuriat of, 851. 
muriat of, 701. 

„ nitrat of, 672. 
oxalat of, 805. 
oxy-muriat of, 724. 
phofphat of, 732. 
plumbat of, 854. 
prulfiat of, 838. 
faccholat of, 818. 
febat of, 847. 
foap of, 592. 
fuberat of, 834. 
fulphat of, 630. 
fulphite of, 663. 
tartrite of, 811. 

Lime-water, 195. 
Liquid blue, 513. 
Liquor filicum, 215, 377. 
Lute, what, 7. 

M 
Masquer's opinion about phlo- 

gifton, 296. 
Magnefia, Part I. ch. iv. fe£t. 2. 

acetite of, 783. 
benzoat of, 82x. 
borat of, 748. 
camphorat of, 828. 
citrat of, 814. 
flu at of, 764. 
Ia£fat of, 8 j 7. 
malat of, 816. 
muriat of, 703. 
nitrat of, 674. 
oxalat of, 805. 
oxy-muriat of, 724. 
phofphat of, 734. 
prufliat of, 838. 
faccholat of, 818. 
febat of, 847. 

Suppl. Vol. I. Part II. 

C H E M I S T It Y. 
Magnejta, foap of, n° 593, 

fuberat of, 835. 
fulphat of, 633. 
fulphite of, 664. 
tartrite of, 8r 1. 

Malats, 483, and Part III. ch. 
ii. fedl:. 15. 

Malic acid, 480. 
Malleability, 39. 
Manganefe, Part I. ch. iii. fed. 

I5- 
benzoat of, 822. 
fluat of, 767. 
muriat of, 709. 
nitrat of, 680. 
oxalat of, 8c6. 
phofphat of, 738. 
foap of, 606. 
fulphat of, 644. 

Marcafite of gold, 134. 
Marks given to metals by the 

ancients, 130. 
Marine acid, 422. 
MaJJicot, I2J. 
Menachanite, 186. 
Mephetic acid, 45'7. 
Mercury, Part I. ch. iii. fedf. 4. 

a nonconductor of ca- 
loric, 259. 

acetite of, 796. 
benzoat of, 822. 
citrat of, 815. 
fluat of, 767. 
hydrogenous fulphu- 

ret of, 859. 
muriat of, 7 18. 
nitrat of, 689. 
oxalat of, 806. 

. oxy-muriat of, 725. 
prufliat of, 845. 
febat of, 848. 
foap of, 596. 
tartrite of, 812. 
white fulphat of, 6 31. 
yellow fulphat 01,653. 

Metallic acids, 559. 
Metals, Part I. ch. iii. 

expanlion of, 242. 
condudting power of, 

254. 
Miafmata, how dellroyed, 426. 
Microcofmic fait, 730. 
Mineral cryftal, 667. 
Minium, 125. 
Mi poun, 441. 
Mify, 641. 
Molybdena, 180. 
Molybdenum, Part I. ch. iii. feCt. 

I7* 
Molybdats, 555. 
Molybdic acid, 555. 
Mother ley, explained, page 251, 

note. 
Muriatic acid, Part II, ch. v. 

feCt. 5, 

Muriatic acid dephlogifticated, 
n9428. 

oxygenated,428. 
compofition of, 

434- 
Muriats, 425, and Part III. 

ch. ii. feCt. 5. 
N 

Names given to metals by the 
ancients, 130. 

Narcotic fait, 442. 
.Newton's theory of light, 315. 
Nickel, Part I. ch. iii. feCt. 14. 

acetite of, 789. 
borat of, 733. 
fluat of, 767. 
muriat of, 711. 
nitrat of, 682. 
oxalat of, 806. 
phofphat of, 739. 
foap of, 599. 
fulphat of, 645. 

Nitrats, 414, and Part III. ch. 
ii. feCt. 3. 

Nitre, 667. 
aCts on platinum, p. 312, 

note. 
cubic, 669. 

Nitric acid, 37, and Part II. 
ch ii. feCf. 3. 

its aClion on oils, 413, 
Nitrites, 417, and Part III. ch. 

ii. fed. 4. 
Nitrous air or gas, 409, 418. 

acid, Part II. ch. v. 
fed. 4. 

Nitro-muriatic acid, 431. 
Nitrum fixum, 624. 

flammans, 670. 
femivolatile, 670. 

o 
Oil of vitriol, 391. 
Oils, Part II. ch. iii. 

drying, 365. 
noncondudors of heat, 

295. 
Olive, when firft cultivated irt 

Europe, 330. 
Olive oil analyfed, 363. 
Orichalcum, what, 143. 
Orpimenl, 155. 
Ouretic acid, 729. 
Oxalats, 470, and Part III. ch. 

ii. fed. 12. 
Oxalic acid, Part II. ch. v. fed. 

I3* 
Oxide and oxydation, 68. 
Oxides of antimony, 144. 

arfenic, 154. 
bifmuth, 149. 
cobalt, 160. 
copper, 96. 
gold, 71. 
iron, 105. 
lead, 125. 

401 
Oxides of manganefe, n° 173. 

mercury, 85. 
molybdenum, 181. 
nickel, 167. 
platinum, 81. 
filver, 74. 
tellurium, 188. 
tin, i 19. 
titanium, 183. 
tungflen, 179. 
uranium, 183. 
zinc, 136. 

metallic, remarks on, 
191. 

Oxygen, Part I. ch. i. 
gas contains light, 322. 
caloric it gives out, 

278. 
Oxy-muriats, 432, and Part III. 

ch. ii. fed. 6. 
Oxy muriatic acid, Part II. ch, 

v. fed. 6. 
P 

Panacea holfatica, 624. 
Pe-la, page 332, note. 
PcrcuJJion produces heat, and 

why, n° 302. 
Perlated fait, 729. 

acid, 729. 
Pewter, 140, 152. 
Phlogijlon explained, 295, 20. 

its exiftence difpro- 
ved, 301. 

Phlogijlic theory, page 277, 
note. 

Phlogijlicaled air, n° 52. 
Phofphais 438, and Part III. 

ch. ii. fed. 7. 
Pkqfphorated hydrogen gas, 41. 

azotic gas, 50. 
Phofphoric acid, 28, and Part 

II. ch. v. led. 7. 
Phofphorous acid, 440. 
Phojphorus, Part I. ch. ii. fed. 

2. 
whether an ingre- 

dient of fteel, 115, 
Phofphuret of antimony, 145. 

arfenic, 156. 
bifmuth, 151. 
cobalt, 162. 
copper, 100. 
gold, 72. 
iron, 108. 
lead, 127. 
lime, 197. 
manganefe, 174. 
mercury, 92. 
molybdenum, 

181. 
hickel, 169. 
platinum, 82. 
potafs, 375. 
lilver, 76. 
tin, 121. 

Phofphurrt 



4° 2 
Phofphuret of tungften, 110179. 

zinc, 138. 
Piffet’s experiments on light and 

caloric, 325J and P* 
284, note. 

Pinchbeck, 140. 
Pin poun, 441 • 
Plajler of Paris, 631. 
Platinum, Part I. ch. iii. fea. 3. 

benzoat of, 822. 
oxalat of, 8c6. 
febat of, 848. 

Plumbago, 109. 
Pneumatic apparatus, 7* 
Pompholyx, page 240, note. 
Potafs, Part II. ch. iv. fea. I. 

acetite of, 777. 
acidulous oxalat of, 802. 
antimoniat of, 856. 
benzoat of, 820. 
borat of, 743. 
camphorat of, 823* 
carbonat of, 768. 
citrat of, 813. 
fluat of, 759. 

' taaatof, 817. 
malat of, 816. 
muriat of, 695. \ 
oitrat of, 667. 
oxalat of, 801. 
oxy-muriat of, 722. 
phofphat of, 728, 
pruffiat of, 837. 
faccholat of, 818. 
lebat of, 846. 
fuberat of, 830. 
fulphat of, 624. 
fulphite of, 659. 
tartrite of, 808. 

Pounxa, 441. 
Precipitate per fe, 88. 
Priejlley'% theory of combuftion, 

,297; 
experiments on m- 

nitrous gas, 409. 
Prince's metal, 140. 
Prujfian blue, 53P> ^39* 

alkali, 532, 841. 
Prujftats, 537. 
PruJJic acid, Part II. ch. v. fe&. 

28. 
affinities of, 840. 

Pyrollgnites, 5 24. 
Pyrolignous acid, Part II. ch. v. 

fe£t. 26. 
Pyromucites, 522. 
Pyromucous acid, Part II. ch. v. 

fe£t. 25. 
Pyrophori, 32r. 
Pyrophorus of Homberg, 639. 
Pyrot'artritei, 528. 
Pyrotartarous acid, Part II, ch. 

v. fe&. 27. 
CL 

Quicklime, 193. 

CHEMISTRY. 
Quickfiher, Part I. ch. iii. fed. 

R 
Rancidity, n° 364. 
Realgar, 155. 

heat explained, 326. 
lead ore of Siberia, page 

299, note, 
precipitate, n° 88. 

ReduEticn explained, page 232, 
note. 

Regenerated tartar, n° 777. 
Rejiduum, what, 19. 
Reftn explained, p. 299, note. 
Rock cr^ftal, 216. 
Rujl of iron, 105. 

s 
Saccharine acid, 467. 
Saccholats, 492, and Part III. 

ch. ii. fe£t. 17. 
Sal ammoniac, 697. 

catharticus amarus, 633. 
de duobus, 624. 
gem, 696. 
tnirabile, 626. 

perlatum, 629. 
polycreft Glaferi, 624. 

Salt of Saturn, 790. 
Salts, 622. 

neutral, 623. 
Saturation explained, 571. 
Scammony, foap of, 611. 
Sckeele, account of, 331, and 

note in page 286. 
Sea fait, 696. 
Sebats, 545, and Part III. ch. 

ii. feft. 25. 
Secret foliated earth of tartar, 

777- . „ 
fal ammoniac, 627. 

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. 
bodies what, 3. 

Smoking liquor of Libavius, 726. 

Snow of antimony, 144. 
Soap, 378.' 

origin of the term, 586. 
method of forming, 587. 
hard, 586. 
foft, 59c. 
of wool, 590. 
of fifh, 590. 

Soaps, Part III. ch. i. 
Soda, Part II. ch. iv. fed. 2. 

acetite of, 778. 
benzoat of, 820. 
borat of, 744. 
camphorat of, 824. 
carbonat of, 769. 
citrat of, 813. 
fluat of, 760. 
ladat of, 817. 
malat of, 816. 
muriat of, 696. 
nitrat of, 669. 
oxalat of, 803. 
oxy-muriat of, 723. 
phofphat of, 729. 
prulfiat of, 837. 
faccholat of, 818. 
febat of, 848. 
fuberat of, 831. 
fulphat of, 626. 
fulphite of, 6bo. 

Soluble tartar, 808. 
Solution, 865. 
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CHE 
Cherubim. CHERUBIM were emblematical figures ; of which 

an account, a very vague one indeed, has been given in 
the Encyclopedia Britannica. We are far from think- 
ing ourfelves qualified to improve that account, or to 
explain emblems in the Jewilh worfliip, which even Jo- 
fephus did not underftand * and we certainly fliould 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 mafter brought to light from the 
writings of the Old Teftament many important doc- 
trines which had lain concealed from all the piety, all 
the indultry, 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 ftated by Mr Parkhurft in his He- 
brew Lexicon, than by any other Writer of that fchool. 
We ihall therefore lay before our readers his dodrine 
reipeding the form of the artificial cherubs, as well as 
of their emblematical meaning ; and fubjoin a few re- 
marks, which the nature of his reafoning has forced 
from us. 

“ Firjl, then, as to the form of the artificial cherubs' 
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 : msart ]0, out of the mercy- k——v—^ 
feat (Margin Eng. Trafiat. of the matter of the mer- 
cy-feat) fhall 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. 
33» 34* XJ* 20.) ; as thofe made by Solomon were 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 ; and no 
wonder fince they had always been among believers in 
the holy tabernacle from the beginning. (See Gen. in. 
24. Wifd. ix. 8. And though mention is made of their 
faces (Exod. xxv. 26. 2 Chron. iii. 13.), and of then- 
wings, (Exod. xxv. 20. 1 Kings viii. 7. 2 Chron. iii. 
11, 12.); yet neither in Exodus, Kings, nor Chro- 
nicles, have we any particular defcription of their form. 
This is however very exaftly, and, as it were, anxioufiy 
fupphed by the prophet Ezekiel, ch. i. 5. • Out of the 
midft thereof ( i. e. of the fire infolding itfelf, ver. 4.) 
rrm likenefs of four livings creatures or animals • 
njrf? D-rx mot the likenefs of a man (being) with them/ 
This lail Hebrew exprefiion cannot mean that they, 
i. e. the four animals, had the likenefs of a man, which 
interpretation would indeed make the prophet con- 
tradia himfelf (comp. ver. 10.); but it imports that 
the hkenefs of a man in glory, called (verfe 26 ) 
otx maos mot the likenefs as the appearance of a ma.i* 

3 E 2 and 



CHE [ 404 ] CHE 
Cherubim, and particularly defcribed in that and the following 

» verfes, was with them. Ver. 6. ‘ And there were four 
faces to one (rvm or fimilitude), and four wings to one, 
cnb to them. So there were at leail two compound fi- 
gures. Ver. 10. ‘ And the likenefs of their faces ; the 
face of a man, and the face of a lion, on the right lidc, 
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. j. — T'o.) that thefe were cherubs. Ver. 21. ‘ Four 
faces inxb 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 
priell and prophet of Ezekiel, becaufe we have already 
feen 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. 
hi. 14. with Ezekiel xli. 18, 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 ; namelv, thofe of a lion and of a man. 

“ For it muft be obferved further, that, as the word 
ana is ufed for one compound figure with four faces, 
and craro in the plural for feveral fuch compounds (fee 
Exod. xxv. 18, 19. xxxvii. 8. 1 Kings vh 23 — 26 ), 
fo is 1113 applied to one of the cherubic animals, as to 
the ox, Ezek. x. 14. ; (compare ch. i. 10.) to the 
coupled cherub, or lion-man, Ezek. xli. 18. ; and oni3 
to feveral of the cherubic animals, as to feveral oxen, 1 
Kings vii. 36. (compare ver. 29.) to feveral coupled 
cherubs, Exod. xxvi. 1. I Kings vi. 32, 35 ^ ^ 
proceed to fhew. 

“ Secondly, of what the cherubs were emblems, and 
with what propriety. 

“ That the cherubic figures were emblems or repre- 
fentatives of fomething beyond themfelves is, I think, 
agreed by all, both Jews and Chnftians. 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-bleffed 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 
fhces of the lion and of the man in the cherubic exhi- 
bition, Ezek. i. 10. compare Ezek. xli. 18, 19. The 
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 infift 00 
other circumftances in the cherubic form) no tolerable 
reafon can be afiigned why angels (hould 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. 
9.). Now the mercy-feat, made of gold and crowned, 
was an emblem of the Divinity of Chrift (See Rom. iii. 
25. The cherubs therefore reprefented not the ange- 
lic, but the Divine nature. 

“ Jfdly, The typical blood of Chrift 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, 

“ tyhly, Th * 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 ‘ raifed Chrift (the humanity) 
from the dead, he Cet him at his own right hand in the 
heavenly places, far above, 'rnEPANn, 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’ (I Peter 
iii. 2 2.) 

“ bthly. The prophet Ezekiel faith (ch. x. 20.), 
‘ This is the living creature, rmn (which muft mean 
one compound figure, comp. ver. 14.) that I faw’ rtnn 
inftead of, a fubftitute of ‘ the Aleim of Ifrael. tmn, 
it is granted, may refer either to fituation or fubftitu- 
tion, (fee Gen. xxx. 2. 1. 19.) as the fenfe requires. 
Here, notwithftanding what is faid ver. 19. the latter 
fenfe is preferable ; becaufe it was the glory of the God 
of Ifrael, i. e. the God-man in glory, (compare ch. i. 
26. ) not the Aleim (the Trinity) of Ifrael that were 
over the cherubim; and the text fays not, thefe were 
the living creatures, but, this was the living creature, 
which I faw bnur 'nbx nnn. Now the glory was over 
both the cherubims, ver. 19. but one compound cherub 
only was a fubftitute of the Aleim. 

“ If it ihould be here aiked, 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 impoffible for them 
to reprefent what was there defigned ; for otherwife, 
all the faces could not have looked inwards toward each 
other, and down upon the mercy-feat, and on the inter- 
ceding high pried fprinkling the typical blood of Chrift,, 
(fee Exod. xxxvii. 9.) and at the fame time have look- 
ed outward toward the temple, n'ab (Vulg. ad domum 
exteriorum, to the outer-houfe,) 2 Chron. iii. 13* Gr, 
in other words, the Divine Perfons could not have been 
reprefented as witnefling to each other’s voluntary en- 
gagements for man’s redemption, as beholding the fa- 
crifice of Chrift’s death, typified in the Jewiih 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 vad, doors, 
and walls of the temple, accompanied with 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 Chnft, 
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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Gherulnm. x. 20. comp. Matt, xxvii, 5f. And as the texts juft 
w-—'V—-' cited from the New Teftament afford us divine anthori- 

tv for afferting that the outer tabernacle or temple was 
a type of the body of Chrilt, fo they furniih us with 
an irrefragable argument to prove that the cherubs on 
their curtains or walls could not repvefent angels. For 
did angels dwell in Chrift’s body ? No, furely : But 
* in him dwelt all the fulnefs of the Godhead bodily.’ 
(Col. ii. 9.) 

“ I go on to conhder the propriety of the animals in 
the cherubic exhibition reprefenting the Three Perfons 
in the ever-bltffed Trinity. And here to obviate any 
undue prejudice which may have been conceived againft 
the Divine Perfons being iymbolically 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.); that at Jefus’s baptifrn the Ho- 
ly Spirit defeended in a bodily fhape, like a dove, upon 
him (Luke iii. 21, 22.) ; that Chrift, as above intima- 
ted, is exprefsly called the lion of the tribe of Judah 
(R ev. v. 5.) ; and continually in that fymbolical book 
fet before us under the iimilitude 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 fpeciftc defign of the 
exhibition. Why then (hould it appear a thing incre- 
dible, yea why not highly probable, that Jehovah Aleim 
Ihould, 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 ? 
Especially if it be confidered that the three animal 
forms, excluftve of the man (who ftood for the very 
human nature itfelf) are the chief of their refpedtive 
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 aftions and effefts of the 
other two ; fo we are told (Pfal. xix. 1.) that S'aii'n 
bn TQ3 D'iSDO 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 crew or N'Dir heavens in the Old 
Teftament, fee 2 Chron. x,xxii. 20. (comp. 2 Kings 
xix. 14. Ifa. xxxvii. 15.) Dan. iv. 23. or 26.; as he is 
more frequently exprefied by ouf«»of heaven in the New. 
(See Mat. xxi. 25. Mark xi. 30. 31. Luke xv. 18, 21. 
xx. 4, 5. John iii. 27.) Yea not 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 U’ou’ 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. 

Mai. iv. 2. or iii. 2c. Luk i. 78. ii. 32. John i. 4—9. 
viii. 12. xii. 35, 36, 46.) Tbe Third Perfon lias no 
other diftimftive name in feripture but nrr in Hebrew, 
and Hviuux in Greek (both which words in their pri- 
mary fenfe denote the material fpirit or air in motion), 
to which appellation the epithet anp, ayw holy, or one 
of the names of God, is ufually added : and the adlions 
of the Holy Spirit in the fpirituai fyftem are deferibed 
by thofe of the air in the natural (See John iii. 8. xx. 
22. Adts 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. 10. Ixxviii. 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, and efpecially by that of fire, and fince the Se- 
cond and Third Perfons are exhibited refpettively by 
the two conditions of light and fpirit, and fince fire is 
really 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 refpedf 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 ; vve ihall 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 fuiy when provo- 
ked (fee Pfal. xxii. 13.) ds a very proper animal em- 
blem of fire ; as the lion from his uftial tawny gold- 
Hke colour, his flowing mane, his fhining eyes, his great 
vigilancy and prodigious ftrength, is of light; and thus 
likewile the eagle is of the fpirii or air in adtion, from 
his being chief among fowls, from his impetuous mo- 
tion (fee 2 Sam. i. 23. Job ix. 26. Jer. iv. 13. 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, fometirnes 
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 wLo is tolerably acquainted with 
the heathen mythology will be able to increafe his va- 
luable collection with many inftances of the fame kind 
trom modern as wrell 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 
lafely 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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£heruT4m. redeem man, and of the union of the divine and human any propriety, or without the greateft folccifm, be faid Cherubi r.^ 

natures, in the perfon'of Chriil. And we find (Gen, and deferibed to fall down before and worfhip other J’ v 

iii. 24 ) that immediately on Adam’s expulfion from emblematical reprefentations of the fame divine nature 
paradife, and the ceffation of the lirft or paradiliacal and perfeftions : And therefore, whatever thefe beads 

-difpenfatiim 0f religion, Jehovah Aleim himfelf let 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 
roanren 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 Ihould worlhip 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.” our notions either of the Godhead or of worlhip, to 

Thus far Mr Parkhurft; and to his differtation where fay that the,Trinity worlhipped 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 objedtion is admitted by our learned author to 
foning, however, objeftions 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 aniwers 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 ymW/jW emblematical of the tions in Rev. ch. v. and xix. are not only vilional 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 fyllem, and xng 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 ofyfre, light, and grofs air. But unfortu- feven horns and feven eyes. Handing in the midtl 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 fre and air are not one twenty elders,’ is evidently fymbolical of the Lamb of 
itibftance ; that the grofs air itfelf is compounded of God now raifed from the dead, and invefted with all 
very different fubftances ; and that even light is a dilfe- 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 exprefted (ch. xix. 4.), ‘ worlhipping God 
the name of caloric (See Chemistry-/WA in this Sup- who fat upon the throne,’ muft, in all teafou, 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 knoiv that they are: but this makes of worfliip in general, but from the fpecific and pe- 
nothing for our author’s hypothefis ; becaufe the fun culiar circumilances of the cafe before us. Thus, 
and all the planets muft, in that cafe, be added to his one likewife, when in x 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 worfliip to both is exprefled by the fame 
Adam downwards, who made ufe of cherubic figures ftrong phrafe—b rinnr proftrated themfelves to, LXX. 
for the very fame purpofe with the ancient Jews, belie- irpocnx.vv>fcrav; yet furely no one will fay that the people 
•ved that fire, air, and light, are different modifications meant to worfliip 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, •'nmn and worihipped 
ing; but of this no proof is attempted, and certainly King Solomon (1 Kings i. 53.), not as God doubt- 
none that is fatisfaftory could be brought. lefs, but as king, thereby furrendering his own claim to 

Onr 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 fre, the V>f the Godhead or of worfhip, to fay that the Trinity 
lion of light, or the eagle ol 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,’ i. e. with divine worfliip as a creature worfliips 
in Egypt and other countries before the introduaion his Creator ; yet it is by no means contrary to the ra- 
of alphabetical charaaers ; 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 fre as fitly proftration, or worfliipping, was the ufual fymbolical 
as the horns, curling hair, and fury of the bull; and if aft, as it ftill is in the eaft, not only of divine worfliip, 
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 acts of the cherubic ani- 
the fitteft emblem of light. rals in Rev. v. 6. xix. 4. meant nothing more than 

But there are other obje&ions 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 of the divine Per- 
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 his 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. “ 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 
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Chef®, of more value, a pious and a good man, we cannot help 

confidenng this anfwer as mere trifling. Iti the 18th 
Pfalm, the Lord is faid to “ ride upon a cherub 
and in Ezekiel, chap. i. there is faid to have “ been 
over the heads of the cherubim a throne, and upon that 
throne the likenefs or appearance of a man” whom we 
take to be the Son of God incarnate. But is there 
any country in which the regal power of the fovereign 
is acknowledged by'his riding, not upon his fubjefts, 
but upon other co-equal fovereigns ? or, in which it is 
the cuftom for the fovereign to place his viceroy (for 
fuch our Saviour in his human nature certainly is) in 
his throne above himfelf? 

We mull therefore confefs, that we know not of 
what the cherubic figures were emblematical, and that 
he who labours to eftablifh the doftrine of the ever 
blefled Trinity by fuch criticifms and reafonings as thofe 
which we have examined, is either a fecfet enemy to 
that do&rine, or a very injudicious friend. 

CHESS, the celebrated game, of which a copious 
account has been given in the Encyclopedia, is affirm- 
ed by Sir William Jones to have been invented by the 
Hindoos. “ If evidence were required to prov£ this 

*AfiatuRe fa& (fays he *), we may be fatisfied with the teftimo- 
fiarchei, vol. ny of the Perfians, who, though as much inclined as 
ii. Mem. 9. other nations to appropriate the ingenious inventions of 

a foreign people, unanimoufly agree that the game was 
imported from the well of India in the fixth century of 
our era. It feems to have been immemorially known 
in Hindojlan by the name of Cheturanga, i. e. the four 
ar-gcds, or members of an army ; which are thefe, ele- 
phants, horfes, chariots, and foot foldiers; and in this 
fenfe the word is frequently ufed by epic poets in their 
defcriptions of real armies. By a natural corruption of 
the pure Sanfcrit word, it was changed by the old Per- 
fians into Chetrang ; but the Arabs, who foon after 
took poifeffion of their country, had neither the initial 
nor final letter of that word in their alphabet, and con- 
fequently altered it further into Shetranj, which found 
its way prefently into the modern Perftan, and at length 
into the diale&s of India, where the true derivation of 
the name is known only to the learned. Thus has a 
very fignificant word in the facred language of the 
Brahmins been transformed by fucceffive changes inta 
axedrez, fcacchi, echecs, chefs, and, by a whimfical con- 
currence of circumfiances, has given birth to the Eng- 
liffi word check, and even a name to the exchequer of 
Great Britain.” 

It is confidently afferted’that Sanfcrit books on chefs 
exilt in Bengal; but Sir William had feen none of them 
when he wrote the memoir which we have quoted. He 

, exhibits, however, a defcription of a very ancient Indian 
game of the fame kind, but more complex, and in his 
opinion more modern, than the Ample chefs of the Per- 

Jians. This game is alfo called Chaturanga, but more 
frequently Chaturaji, or the four kings, fince it is played 
by four perfons reprefenting as many princes* two allied 
armies combating on each fide.- The defcription is ta- 
ken from a book called BhawifJjya Puran ; in which the 
form and principal rules of this fadfitious v/arefare are 
thus laid down : “ Eight fquares being marked on all 
fides, the red army .is to be placed to the eaft, theorem 
to the fouth, the yellowXo the weft,: and Xdxt black to 
the north. Let the elephant (fays the author of the 
Puran) Hand on the left of the king ; next to him the 

horfe ; then the boat; and before them all, four foot-fol- 
diers ; but the boat mull be placed in the angle of the 
board.” 

“ From this palfage (fays the prefident) it clearly 
appears, that an army with its four angas mult be pla- 
ced on each fide of the board, fince an elephant could 
not Hand, in any other pofition, on the left hand of each 
king ; and Radhacant (a Pandit) informed me, that 
the board conlifted, like our’s, of 64 fquares, half of them 
occupied by the forces, and half vacant. Pie added, 
that this game is mentioned in the oldeft la\r-books, 
and that it was invented by the wife of a king, to amufe 
him with an image of war, while his metropolis was be- 
fieged, in the fecond age of the world. A fhip or boat 
is abfurdly fubftituted, we fee, in this complex game for 
the rat’h, or armed chariot, which the Bengalefe pro- 
nounce rodh, and which the Perfians changed into rokh; 
wdience came the rooi of fome European nations; as 
the vierge and fal of the French are fuppofedto be cor- 
ruptions of ferz and fl, the prime mini/ler and elephant 
of the Perfians and Arabs.” 

As fortune is fuppofed to have a great fhare in de- 
ciding the fate of a battle, the ufe of dice is introduced 
into this game to regulate its moves ; for (fays the Pu- 
ran) “ if cinque be thrown, the king or & pawn mull be 
moved ; if qualre, the elephant ; if trots, the horfe ; and 
\f deux, dho boat. The king paiTes freely on all fides, 
but over one fquare Only ; and with the fame limitation 
the pawn moves, but he advances ftraight forward, and 
kills his enemy through an angle. The elephant marches 
in all directions as far as his driver pleafes ; the horfe 
runs obliquely, traverfing the fquares ; and the Jhip 
goes over two fquares diagonally.” The elephant, we 
find, has the powers of our queen, as we are pleafed to 
call the general or minifler of the Perfians ; and the Jhip 
has the motion of the piece to which we give the unac- 
countable appellation of bijhop, but with a reftriCtion 
which mull greatly lelfen its value. 

In the Puran are next exhibited a few general rules 
and fuperficial directions for the conduCt of the game. 
Thus, “ the pawns and the Jhip both kill and may be 
voluntarily killed ; while the king, the elephant, and the 
horfe, may flay the foe, but mull not expofe themfelves 
to be flain. Let each player preferve his own forces 
with extreme care, fecuring his king above all, and not 
facrificing a fuperior to keep an inferior piece.” Here “ 
(fays the prefident) the commentator on the Puran ob- 
ferves, that the horfe, who has the choice of eight moves 
from1 any central pofition, mull be preferred to theJlsip, 
which has only the choice of fount But the argument 
would not hold in the common game, where the bijhop 
and tower command a whole line, and where a knight is 
always of lefs value than a tower in aClion, or the bi- 
fhop of that fide on which the attack is begun. “ It 
is by the overbearing power of the elephant (continues 
the Puran) that the king fights boldly ; let the whole 
army, therefore, he abandoned in -order to fecure the 
elephant. The king mull never place ons elephant be- 
fore another, unlefs he be compelled by want of room, . 
for he would thus commit a dangerous fault ; and if he 
can flay one of two hollile elephants, he. mutt deftroy 
that on his left hand.” 

All that lemains of the palfage which was copied for 
Sir William Jones relates to the feveral modes in which 
a .partial fuccefs or complete victory may be obtained : 

byy 

Chefs. 
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Chefs, by any one of the four players ; for, as in a difpute be- 

Chevrette. tween two aiiJeS, 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 be 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 fucceflively the thrones 
of all the three princes, he obtains the vidory, which is 
named cheturajii and the Hake is doubled if he kill the 
laH of the three, juH before he takes poffefiion of his 
throne ; but if he kill him on his throne, the Hake is 
quadrupled. Both in giving the ftnhafana and the che- 
turaji the king muH 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 l yngs ; 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 nripacrijhta 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 affumes whatever 
power belonged to that fquare.” Here we find the 
rule, with a flight exception, concerning the advance- 
ment of pawns, which often occafions a moH intereH- 
ing Hruggle at our common chefs; 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 fhip remains, the pawn may advance even to 
the fquare of a king or a (hip, and a Hume the power of 
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 cacacajljf ha.” 
Sixthly, “ If three fliips happen to meet, and the fourth 
(hip 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 Hill remain- 
ing, fo very dark, either from an error in the manu- 
fcript, or from the antiquity of the language, that Sir 
William Jones could not underHand the Pandit's expla- 
nation of them, and fufpeds that even to him they 
crave very indifiind 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, Handing 
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 Chkha 
the moH ufeful of all the inventions for raifing guns N 
into their carriages.; and it feems thefe inventions have 
been many. 

CHICHA, the name given by the natives to the 
ifland of Jeffo, which lies to the fouth of Oku-Jeflb, 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 few-ed. Before the Reformation, 
and even after it till the reign of Q_ueen Elizabeth, the 
chimere was ahvays of fcarlet Jilk ; but bilhop Hooper, 
fcrupling firH 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 fatin. 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 abflradl 
of one of the moH curious diflertations of a curious 
book, which has been but lately publifhed, and thereby 
injure the interefi 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 Ha- 
ting, in fupport of our own opinion, the profeflbr’s an? 
fwer to the paflage of Ferrari, which we have quoted 
under the word Chimney in the Encyclopaedia. 

“ When the triumviri, fays Appian *, caufed thok * De 6eMs 
who had been profcribed by them to be fought for bydWA hb.iy, 
the military, fome of them, to avoid the bloody hands •edlt* 
of their perfecutors, hid themfelves in wells, and others, 
as Ferrarius tranflates the words, in fumaria fub teclo, 
qua fcilicet fumus e teSo evqlwtur (a). The true tranf- 
lation, however (fays Mr Beckmann), is fumofa ccenacula. 
The principal perfons of Rome endeavoured to conceal 
themfelves in the fmoky apartments of the upper Hory 
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 vend in ccenacula ^ gat. x. 
miles. _ ver.-17. 

“ Thofe paffages of the ancients which fpeak of 
fmoke rifing up from houfes, have with equal impro- 
priety been fuppofed to allude to chimneys, as it the 
fmoke could not make its way through doors and win- 
dows. Seneca J writes, ‘ LaH evening I had fome j 
friends with me, and on that account a Hronger fmoke 
was raifed; not fuchafmoke,hawever,asburHs forth from 
the kitchens of the great, and which alarms the watch- 
men, but fuch a one as fignifies that gueils 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 obferyed a 
Hronger fmoke than ufual ariiing from them ; but as 
the kitchens had no conveniences of that nature, an ap- 
preheniion 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 occafions people appointed for that purpofe were 

Hationed 

(a) Ef vxopopiet, r> run riym t»k Hipa/euri fivofeivcuc* 
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Chimney ftationed in the neighbourhood to be conftantly ou the 

watch, and to be ready to extinguiih the flames in cafe 
a fire flrould happen. There are many other paflages 
to be found in Roman authors of the like kind, which 
it is hardly neceflary to mention; fuch as that of Virgil*, 
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* Eclog. i, 
ver. 83. 

•}- Auhilar y 
act ii. fc. 4 

‘ Et jam fumma procul villarum culmina fumant,’ 

and the following words of Plautusf, deferiptive of a 
mifer : 

‘ Quin divum atque hominum clamat continuo fidem, 
‘ Suam rem periifie, feque eradicarier, 
‘ De fuo tigillo fumus ii qua exit foras.’ 
In the Vefpte of Ariftophanes, referred to in the En- 

cyclopaedia, old Philocleon wilhes to efcape through 
the kitchen. Some one aiks, “ 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 pafiage, 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 illultration 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 find mention made of a top or 
covering^; with which the hole was clofed.” 

In the Encyclopaedia we have faid, that the inftances 
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 Hill to be found in Italy 
does not determine the queftion. Of the walls of towns, 
temples, amphitheatres, baths, aquedufts, and bridges’ 
there are fome though very imperfed remains, in which 
chimneys cannot be expe&ed ; but of common dvvell- 
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 to 
a modern chimney. 

. “ # 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 fhould 
not catch fire, was of the utmoff importance. An 
accident of the kind, which that author feems to have 
apprehe Kled, had almoft happened atBeneventum, when 
the landlord who entertained Maecenas and his company 
was making a ffrong fire in order to get fome birds 
looner roalted. 

ubi fedulus hofpes 
‘ Paene arfit, macros dum turdos verfat in igne; 
‘ Nam vaga per veterem dilapfo flamma culinam 

$ fW. ‘ Vulcano fummum proparabat lambere te&um$., 

. 1. fat. 5. j^ad tjiere been ci1;mneys *n the Roman houfes, Vitru- 
vius certainly would not have failed to deferibe their 
conftruaion, which is fometimes attended with confider- 
able difficulties, and which is intimately connefted with 
the regulation of the plan of the whole edifice. He 
does not, however, fay a word on this fubiedt; neither 
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does Julius Pollux, who has eolledted with great care Chimney', 
the Greek names of every part of 3 dwelling-houfe;' 
and Grapaldus, who in later times made a colledlion 
of the Latin terms, has not given a Latin word expref- 
five of a modern chimney *.” * r. 

Our author admits the derivation of the word chim-Marii Gra~ 
ney to be as we have given it in the Encyclopaedia; de par- 
ody he) “ Caminus iignified, as far as I have been able^“f a:dlvm 

to learn, firft a chemical or metallurgic furnace, in ‘ n' 
which a crucible wras placed for melting and refining 
metals; fecondly, a fmith’s forge; and, thirdly, a 
hearth on which portable lioves or fire-pans were pla- 
ced for warming the apartment. In all thefe, however, 
there appears no trace of a chimney.” Herodotus re- 
lates (Hb. viii. c. 137.), that a king of Libya, when 
one of his fervants alked for his wages, offered him 
in jell the fun, which at that time flione into the houfe 
through an opening in the roof, under which the fire 
was perhaps made in the middle of the edifice. If fuch 
a hole mult 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 the floor of any apartment. 

“ Plowever imperfed 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 neverthelefs fhews that they commonly 
ufed for that purpofe a large fire-pan or portable flove, 
in which they kindled wood, and, when the wood was 
well lighted, carried it into the room, or which they 
filled with burning coals. When Alexander the Great 
was entertained by a friend in winter, as the weather 
was cold and raw, a fmall fire bafon was brought into 
the apartment to warm it. The prince, obferving the 
fize of the veffel, and that it contained only a few coals, 
defired his lioft, in a jeering manner, to bring more 
wood or frankincenfe ; giving him thus to underitand 
that the fire was fitter 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 fliut out the 
fmoke and brought only fire into their houfes f. We f Plutarch. 
are informed by Lampridius, that the extravagant He- 
liogabulus caufed to be burned in thefe ffoves, inflead !iVi-7* 
of wood, Indian fpiceries and coftly perfume? It is'3 

alfo worthy of notice, that coals were found in fome 
the apartments of Herculaneum, as we are told hyHeiiogab. 
Winklemann, but neither ftoves 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, 
maimers, and furniture of eaftern nations, have remain- 
ed from time immemorial almoft unchanged. In Per- 
fia, which the late Sir William Jones feems to have con- 
fidered 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 fires in 
their apartments, not in chimneys as we do, but in 
ftoves in the earth, which they call tennor. “ Thefe ftoves 
confift of a fquare or round hole, two fpans or a little 
more in depth, and in fliape not unlike an Italian cafk. 
That this hole may throw out heat fooner, and with 
more ftrength, there is placed in it an iron veffel of the 

3 F fame 
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Chimney, fame fize, winch is either filled with burning couls, oi 

*""" v- 1 1 ^ q£ vvood and other inflammable fubflances is made 
in it. When this is done, they place over the hole or 
ftove a wooden top, like" a {mail low table, and fpiead 
above it a large coverlet quilted with cotton, which 
hangs down on all fides to the fioor. This covering 
condenfes the heat, and cauTes it to warm the whole 
apartment. The people who eat or converfe there, 
and fome who fleep in it, lie down on the floor above 
the carpet, and lean, with their flioulders againft the 
wall, on fquare cufhions, upon which they fometimes 
alio fit ; for the lennor is conitrufted in a place equally 
diilant from the walls on both fides. I hofe who are 
not very cold only put their feet under the table or co- 
vering ; but thofe who require more heat can put their 
hands under it, or creep under it altogether. By theie 
means the itove diffufes over the whole bociy, without 
caufing uneafinefs to the head, fo penetrating and a- 
greeable a warmth, that I never in winter experienced 
any thing more pleafant. 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 Hove the moderately heated air of the apartment. 
They have a method alfo of ftirring up or blowing the 
fire when neceffary, by means of a fmall pipe united 
with the tennor or ftove under the earth, and made to 
projetl above the floor as high as one choofes ; fo that 
the wind, when a perfon blows into it, becatife it has no 
other vent, adds immediately upon the fire like a pair of 
liellows. When there is no longer occafion to ufe this 
Hove, both holes are clofed up, that is to fay, the 
mouth of the ftove and that of the pipe which conveys 
the air to it, by a flat ftone 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 plaftered. In 
many parts thefe ovens are ufed to cook victuals, 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 ; 
but if the bread is thick and requires more heat, it is 
put into the ftove itfelf.,, 

Our learned author having proved, to our entire fa- 
tisfaftion, that chimneys, fuch as we have now in every 
comfortable room, were unknown to the moil polifhed 
nations of antiquity, fets himfelf to inquire into the era 
of their invention ; and the oldeft account of them 
which he finds is an infcription 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 Gataris, 
in his Hiftory of Padua, relates, that Francefco 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 of the 
floor, he caufed two chimneys like thofe which had long 
been ufed at Padua to be conftrutled by mafons and 
carpenters, whom be had brought along with him. 
Over thefe chimneys, the firft ever feen at Rome, he 
affixed his arms, which were ftill 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 perfe&ion. 

C H I 
hardly a modern houfe, efpecially if highly fi- Chimney.^ 

niflied, in which there is not one room at leaft liable to v 

be filled with fmoke when it is attempted to be heated 
by an open fire ; and there are many houfes fo infefted 
with this plague as to be almoft uninhabitable during 
the winter months ; not to mention other great defetls 
in common chimneys, which not being fo obvious have 
attracted 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 fubjedt contains the moft valuable diredlions 
that we have feen, not only for removing the inconve- 
niency of fmoke, but likewife for increafing the heat of 
the room by a diminifhed 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 confifts 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 conftrudtion of the chim- 
ney in the neighbourhood of the fire-place. “ 'l he 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 firft 
turned m every attempt which is made to improve the 
conftrudlion of chimneys ; for however perfect a fire- 
place may be in other refpedls, if the opening left for 
the paflage of the fmoke is larger than is neceflary let 
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 unneceflary 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 elfedtually remedied by 
reducing the throat of the chimney to a proper fize, yet 
in doing this feveral precautions will be neceflary. And 
firft of all, the throat of the chimney ffiould be in its 
proper place ; that is to fay, in that place in which it 
ought to be, in order that the afeent of the fmoke may 
be moft 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 fre. 

But there is another circumftance to be attended to 
in determining the proper place lor the throat of a 
chimney, and that is, to afeertain its diftance fiom the 
fire, or how far above the burning vfuel 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 rarefadlion, and 
confequently their tendency to rife, is in proportion to 
the inteufitv of their heat;.and further, as they are hot- 

ter 
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Chimney, ter near the fire than at a greater diilanee 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 ftrong, and particularly when this ftrong 
draught is occalioned 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 likewife 
feveral other inconveniences which would attend the 
placing of the throat of a chimney very near the burn- 
ing fuel. 

The pofition 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- 
nefted with the fire-place below, and with the open ca- 
nal of the chimney above. But as thefe inveftigations 
are intimately connected with thofe which relate to the 
form proper to be given to the fire-place itfelf, we muft 
eonfider them all together. 

Now the defign of a chimney fire being limply 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 j and, thirdly, that in warming it, the air 
of the room be prefcrved perfedly pure, and fit for re- 
fpiration, and free from fmoke and all difagreeable 
fmells. 6 

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 <wbat form the heat generated in the 
combuftion of the fuel exifts, and then to fee how it is 
communicated to thofe bodies which are heated by it. 

In regard to the firft of thefe fubjeds of inquiry, it 
is quite certain that the heat which is generated in the 
combuftion of the fuel exifts under two perfedly diftind 
and very diffeient forms. One part of it is combined 
with the fmoke, vapour, and heated air which rife from 
the burning fuel, and goes cff rvith 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 fent off from the fire in 
rays in all pofiible diredions. 

With refped to the fecond fubjed 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 ablual contatt 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 flopped or abforbed. 'in palling through air, 
which is tranfparent, they certainly do not communi- 
cate any heat to it; and it feems highly probable that 
they do not communicate heat to folid bodies by which 
they are refleded. 

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 objed of 
much importance to determine how the greateft quan- 
tity of it may be generated in the combuftion of the 
fuel, and how the greateft proportion pollible of that 
generated may be brought into the room. 
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Now the quantity of radiant heat generated in the Chimrfcy 

combuftion of a given quantity of any kind of fuel de-   
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 
vei y 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 perfectly 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 flame is hours in making its way ; 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 
woife, the thioat oftiie chimney being occupied mere- 
ly by a heavy denfe vapour, not poffeffed of any confi- 
derable degree of heat, and confequently not having 
much elafticity, the warm air of the room finds lefs dif- 
ficulty in forcing its vyay up the chimney and efcaping 
than when the fire burns bright. And it happens not 
unfrequently, efpecially in chimneys and fire-places ill- 
conllrufted, that this current of warm air from the 
room which preffes into the chimney, crofting upon the 
current of heavy fmoke which rifes ftowly 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 frefh coals is put upon the fire. 
So many coals ftiould never be put on the fire at once 
as to prevent the free paffage of the flame between 
them. In fliort, a fire fliould 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 ireceffary 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 aflift in warming it 

This muft 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 direSly into the room • which 
can only be effeaed by bringing the fire as far forward 
as polhble, and leaving the opening of the fire place as 
wide and as high as can be done without inconvenience • 
and, lecondly, by making the fides and back of the 
fire-place of fuch a form, and conftruaing them of fuch 
materials, as to caufe the direift rays from the lire 
winch ftnke againft them, to be fent into the room by 
reflection in the greateft abundance. 

Aow it will be found upon examination, that the bell 
3 2 form 
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Chimney, form for the vertical (ides 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 
90, and very feldom above 100 or 110 degrees ; but it 
is obvious, that in all thefe cafes the two fides or co- 
verings of the fire-place are very ill-contrived for throw- 
ing into the room by refle&ion the rays from the fire 
which fall upon them. 

With regard to the materials which fhould be em- 
ployed in the conflruftion 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 greatefl quantity of radiant heat. Iron, there- 
fore, and, in general, metals of all kinds, are the very 
worft 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, anfwer the 
purpofe extremely well. A white colour fhould, in- 
deed, be always given to the infide of a chimney of 
whatever materials it be conftru&ed ; and black, which 
is at prefent fo common, fhould be carefully avoided, 
becaufe white refledfs the moft, and black the leaft, ra- 
diant heat. The grate, however, cannot well be made 
of any thing clfe than iron ; but there is no neceffity 
whatever for that immenfe quantity of iron which fur- 
rounds grates as they are commonly fitted up, and 
which not only renders them very expenfive, but efien- 
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- 
eft directions for the conftruftion of fire-places. Thefe 
directions 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. 1 his 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 reft of the canal of the chimney, and fome- 
times not. 

Plate XX. Fig. 1. fhews the fe&ion of a chimney on the com- 
mon conftruftion, in which r/e is the throat. 

Fig. 2. fhews the feCfion of the fame chimney altered 
and improved, in which cl 1 is the reduced throat. 

The breajl 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 fhort, 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 breaft 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 il^earer to the front of the opening of 
the fire-place, and the diminifhing of the throat of the 
chimney, being twro objedfs 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 
bringing forward the back of the chimney. The only 
queftion therefore is, How far it fhould be brought for- 
ward ? The anfwer is fhort, and eafy to be under- 
ftood ; bring it forward as far as pofiible, without di- 
minifhing too much the paflage which muft be left for 
the fmoke. Now as this paffage, which in its narrow- 
eft 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 muft always be built per- 
fedfly 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 muft be left between the top of 
the breaft 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 circumftances being well confidered, and the 
advantages and difadvantages compared and balanced, 
four inches is the belt width that can be given to the 
throat of a chimney, whether the fire-place be deftined 
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 j. 
and, in moft cafes, this fhould be one-third of the width 
of the opening of the fire place in front. It is not in- 
deed abfolutely ueceffary to conform with rigour to this- 
decifion, nor is it always poffible ; but it fhould inva- 
riably be conformed to as far as circumftances 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 breaft 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, fromt 
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 juft 
1 25 degrees, which is the belt pofition they can have 
for throwing heat into the room, dins pofition, in- 
deed, it may fometimes be impeflible to attain in alter- 
ing chimneys already built ; but a deviation fiorh it of 
two or three degrees will be of no great confequence ; 
for the points of by much the greateft importance in al- 
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* muft be msde for the psflhge Ox 
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 fingle • 
' brick 
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Chimney, brick in thicknefs) is brought up To 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, mull 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 necelfary to 
carrv up the back, will make the opening abundantly 
fufficient to let the chimney-fweeper pafs. When the 
fire-place is finilhed, this door-way is to be clofed by a 
tile or fit 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 reprefents the fedlion of a 
chimney after it has been properly altered from what 
is exhibited in fig. 1. In this improved chimney h l is 
the new back of the fire-place ; i i the tile or ftone 
which clofes the door-way for the chimney-fweeper; 
J i the throat of the chimney narrowed to four inches ; 
a the mantle, and h the ftone placed under the mantle, 
fuppofed to have been too high, in order to diminifh 
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 necefiary to build in order to 
bring the fire fufficiently forward, in altering a chim- 
ney conftrufted on the common principles, need never 
be thicker than the width of a common brick. The 
fame may be faid of the thicknefs necefiary to be given 
to the new fides or covings of the chimney ; or if the 
new back and covings are conftrudled of ftone, 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 ftone 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 ftruCture. This 
may be done with loofe rubbi/h, or pieces of broken 
bricks or Hones, provided the work be ftrengthened by 
a few layers or courfes of bricks laid in mortar ; but it 
will be indifpenfably neceflary to finilh 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 of 
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 mull be covered with a horizontal ftone 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 
it 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 floped outward, and rax- 

\ fed in fuch a manner as to fwell 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 throat 1 

would tend to affilt 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 perfeftly 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 an oblong fquare ; but its de- 
viation from that form is a matter of no confequence ; 
and no attempts flxould ever be made, by twilling the 
covings above where they approach the breall of the 
chimney, to bring it to that form. All twills, bends, 
prominences, excavations, and other irregularities of 
form in the covings of a 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 difturb 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 
fliould 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 breaft of the chimney, which forms that fide 
of the throat that is in front or nearell to the room, 
fhould be neatly cleaned off, and its furface made quite 
regular and fmooth. This may be eafily done by co- 
vering it with a coat of plafter, which may be made 
thicker or thinner in different parts, as may be neceffa- 
ry in oi'der to bring the breaft of the chimney to be of 
the proper form. 

With regard to the form of the breaft of a .chimney, 
this is a matter of very great importance,, and which 
ought always to be particularly attended to. The worft 
form it can have is that of a vertical plane or upright 
flat ; and next to this the worft 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 moll 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 lend 
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 elfe&ed with the greateft eafe and certain- 
ty, merely by rounding off the bread of the chimney or 
back part of the mantle, inftead 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/to the height to which they ffiould be carried*. 
This will depend not only on the height of the mantle,, 

butr 
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but alfo, and more efpecially, on tbe 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 inftance, 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 refpefting chimney fire- 
places dill remains to be confidered ; and 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 he found to be too large, when 
the fire places are altered and improved, it will be ne- 
ceffary to ditninifli their capacities by filling them up 

■at the back and lides 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 
back of the fire place. — But in diminilhing 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 diminifhed 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 diminilhed in the form of a wedge, 
or thicker above than below, the front of this done, 
which in effeft will become the back of the grate, may 
be made perfeftly vertical; and the iron back of the 
grate being hid in the folid work of the back of the 
fire-place, will produce no effecd 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 brick work, 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 i 4 or 15 inches, it will 
always be bed, not merely to diminilh 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 diredtions been duly attended to by the 
mafons who in Scotland pretend to alter chimneys on 
the principles of Count Rumford, we fliould 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 

fmokey, and the confumption of fuel increafed by thefe Chimney, 
pretended improvements. But when the grate is not 
fet in its proper place, when its doping 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, in (lead of having its back rounded off, is a 
vertical plane of iron cutting the column of fmoke 
w'hich riles beneath it, and, above all, when the throat 
of the chimney, inftead 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 dire&ions 
for laying out the work ; not to inftrudl mafons and 
bricklayers, to whom we earneftly recommend the ftudy 
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 difcovering whe- 
ther the workmen whom he employs deviates far and 
needlefslyfrom the principles which he pretendsto follow. 

When a chimney is to be altered, after taking away 
the grate and removing the rubbifh, firft draw a llraight 
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 </, of the back of the chimney. 

A perfon mud now Hand 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 (d, fig. 1.), or where the canal of the 
chimney begins to rife perpendicularly; — taking care 
to place the line above in fuch a manner 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 affidant mull mark 
the precife place <?, 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 d, from <?, towards d; and the point f> where 
thefe four inches end, (which mud be marked with 
chalk, or with a pencil), will ffiow how far the new 
back is to be brought forward. 

Through y, draw the line g h parallel to the line 
A B, and this line g h will fliow the direftion 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 ffiould 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 r/ is to be fet 
off from f on the line g f h,on one fide to k, and on the 
other to /, and the line / k will (how 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 

(b) It cods but two {hillings ; and he mud be a poor bricklayer indeed who cannot afford to pay that fum for 
Inftrudlion in the mod important, as well as mod difficult, part of his bufmefs. 
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> times the width of the new back of the chimney (i k'), 
this opening may be left; and lines drawn from i to A, 
and from k to B, will fhovv 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 r, the middle of the line A B, c a and c b 
muft be fet off equal to the width of the back (i h), 
added to half its width (//) ; and lines drawn from i to 
a, and from i 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 dire&ions already 
given.—When the width of the fire-place is'reduced, 
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 
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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 '  
the fire-place meafured upon the hearth b c only eight 
inches, which would have been too little; a niclfe 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- 
nifhing 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 (pace 
marked g, fig. 7. behind this door-way, may either be 
filled withioofe bricks, or may be left void.—The man- 
ner in which the piece of ftone /, fig. 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 
mfide in order to give a fair run to the column of fmoke , n i ; 7 J r 7 , T   T : . 7 ; ^ 577“ <-u uic commn or imofce wull be belt, not only tor the lake of the appearance of m its afeent through the throat of the chimney, is clear- 

the chimney, but for other reafons alfo, to lower the 
height of the opening of the fire-place whenever its 
width in front is diminiftied. 

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 reprefented, 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 
the hearth, or upon dogs, that the depth of the chim- 
ney, determining according to the directions here given, 
may be too fmall. 

Thus, for example, fuppofing the wall 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 femetimes 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 t 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, floping 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 Hope, (which will bring 
the back forward four or five inches, or juft as 
much as the depth of the 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 riiing 
fmoke to overcome the obltacle which this Hope will 
oppofe to its afeent, which it could not do fo eafily 
were the Hope fituated at a greater diftance from the 
burning fuel. 

ly expreffed 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 diminiihed, 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 infpe&ion of thefe figures. 

In chimneys, like that reprefented in figure 8, where 
the jambs A and B projeft far into the room, and 
where the ftont edge of the marble flab 0, which forms 
the coving, does not come fo far forward as the front 

, of the jambs, the workmen in conftru&ing the new co- 
vings are very apt to place them,-not in the line r 
which they ought to do,-but in the line c 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- 
lutely neceffary that the covings fhould make a finifh 
with the internal front corners of the jambs, or that 
they fhould be continued from the back r, quite to the 
front of the jambs at They may finifh in front at 
a' and b ; and fmall corners A, 0, a> may be left for pk. 
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 covimr 
would commonly be too greator the angle d c^o’ 
would exceed 13 5 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. 

Thefc extracts, which we have made fo liberally from 
Count Rumford’s effay on chimney fire-places, will be 
lumcient, we hope,, to bring fully within the compre- 
henlion of thofe who are acquainted with pneumatics 
and pneumatic chemiftry the principles on which chim. 
neys and fire-places fhould be couftruded ; but fuch as • 
are in a great meafure ftrangers to thefe fciences will • 
do well to confult the- effay itfelf. With a benevolence 
which does him honour, the ingenious author has ex- 
prefled a wifh that his dodrines on this important fub- 

Fig- 5> and 7, fhow a pian, elevation, and fedion jed may be widely propagated • ard tn1^!^'h*" 
of a fire-place conftruaed or ahered upon this principle, tills to ftudy them! he has declared to the pub ic i,7 7 
-The rail of the chionejr in front at c, fig. 7. being, neral,,- that as he does not intend to take out himflf' 
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■ Chimney- or to fuffer others to take out, any patent for any in- 
Sweepers. vent{on Qf hjg which may be of public utility, all per- 

fons are at fui]! 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 
fubiiftence by clearing chimneys of foot, which occa- 
fions 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 oldhoufes, they were fo eafily 
cleaned that this fervice could be performed by a ier- 
vant with a wifp of ftraw, or a little brufhwood 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 firfl; 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 Profefibr 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 Ityled the imperial 

Jlre-majler. The firft Germans who condefcended to 
clean chimneys were miners; and the chimney-fweepers 
in that empire (till procare their boys from the foreft of 
Hartz, where the greatell mines are wrought. Very 
lately, and perhaps at prefent, the greater part of the 
chimney-fweepers in Paris were Savoyards, many of them 
not above eight years of age, who, for tlie paltry fum 
of five fous, which they were obliged to fliare 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 elfevvhere, young 
boys are employed in this bufinefs, who are faid to be 
very harlhly treated byr fellows who Hole them from the 
doors of cottages in the country. That children have 
been fometimes kidnapped by chimney-fweepers, we can 
have no doubt *, but that the pradlice is frequent, we 
do not believe. We think however that the bufinefs 
might be wholly abolilhed ; for a narrow funnel might 
certainly, if not very crooked, be fvvept by a bundle of 
ftraw or brufliwood faftened te/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 

is fixed a brufti of hair, or wire, or fpungc, or other China, 
elaftic fubftance as the occafion may require. u— 

This invention is doubtlefs well calculated to anfwer 
the purpofe intended, and may perhaps be the means of 
diminiftiing the number of thofe objects of mifery, the 
unfortunate chimney-fweepers. 

CHINA is an empire of fuch antiquity and extent, 
the laws and cuftoms of the people are fo fingular, a-nd 
the populoufnefs of the country fo very great—that it 
has attracted much of the attention of Europeans ever 
fince it was vifited in the 13th century by Marco Paulo 
the Venetian traveller. Of fuch a country it w'ould be 
unpardonable not to give fome account in a wrork of 
this nature ; but vve 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 ufual diligence ; but from his memoir, pub- 
lilhed in the fecond volume of the Afiatic Relearches, 
and from Sir George Staunton’s account of the embaf- 
fy, there is not much to be extrafted which would be 
either amufing or inftru6tive 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 mveftigation with afle- 
ing, “ Whence came the lingular people who long had 
governed China, before they were conquered by the 
Tartars? On this problem (fays he*) four opinions* AftathRe* 
have been advanced, and all rather peremptorily aflertedA"^, 
than fupported by argument and evidence. By a fcwvo^*‘* 
writers it has been urged, that the Chinefe are an origi-mtm‘^ 
nal race, who have dwelled for ages, if not from eterni- 
ty, in the land which they now pofiefs. By others, 
and chiefly by the miffionaries, it is infilled that they 
fprung from the fame Hock 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, defeending in wild clans 
from, the lleeps of Imaue : 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 Sanfcrif were Plindoos 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- 

fame, as is now the pradlice. The machine confifts of ligion of their anceftors, eftablilhed feparate pi incipali- 
an apparatus of rack-work, of various lengths, which, ties, which were afterwards united in the plains and val- 
by means of a hand-turn, is made to afeend the chim- leys which are now poffeffed by them, 
ney. The lengths of the rack-work are joined toge- Of thefe opinions, Sir William having very complete- 
ther by means of mortices and tenons, with a fpring ly demolilhed the firft three, proceeds to eftablifh the 
which holds them fall. In each length is a joint, by fourth, which he confiders as interefting as well as new 
which the rack-work will accommodate itfelf to angles in Europe. In the Sanfcrit inftitutes of civil and reli- 
®r turns in the flues. To the firft or uppermoft length gious duties, revealed, as the Hindoos believe, by Memo 

the 
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die fon of Brahma, we find (fays he) the following curi- 
“ ous pafiage : ‘ Many families of the military clafs, having 

gradually abandoned the ordinances of the Veda> an<J the 
company of Brahmans, lived in a ftate of degradation ; 
as the people of Pundraca and Odra, thofe of Dravira 
and Camboja, the Tavanas and Sacas, the Paradas and 
Pahlavas, the Chinas, and fome other nations.’ A 
full comment on this text (continues the prefident) 
would be fuperfluous; but lince the teftimony of the 
Indian author, who, though not a divine perfonage, 
was certainly a very ancient lawyer, moralift, and hiito- 
rian, is direff and pofitive, difinterefted and unfufpedt- 
ed, it would decide the queftion before us if we could 
be fore that the word China fignifies a Chinefe.” Of 
this raft Sir William Jones took the very belt methods 
to be iatisfied. He confulted a number of Pandits fe- 
parately, who all allured him that the word China has 
no other fignification in Sanfcrit; that the Chinas of 
Menu fettleu in a fine country to the north-call of 
Gaur, and to the eafl. of Camarup and Napal; that they 
had long been, and Hill are, famed as ingenious artifi- 
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 bell informed Pandits a map of Afia ; and when 
his own country was. pointed out to him, the Pandit 
immediately placed his finger on the north-wellern pro- 
vinces of China, as the place where he faid the Chinas 
of Menu firll eftablilhed 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 colkaed; and for his calling this fad in 
queition, he offers reafons, which to us are perfectly fa- 
tisiaflory. By a diligent and accurate comparifon of an- 
cient Sanfcrit writings, he has been able to fix the period 
of the compilation of thofe laws at between 1000 and 
r joo years before Chrill ; but by the evidence of Con- 
fucius himfclf, 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 Hcond part of the work, 
mtitled Liin Yu, Confucius declares, that “although 
he, like other men, could relate, as mere leflbns of mo- 
rality, the hillories of the firll and fecond imperial 
houfes, yet, for want of evidence, he could give no cer- 
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 

^ •°1
f-the,r third dynarty> 1 too years before the Chniltan epoch, we may jullly conclude that their 

empire was then in its infancy, and did not grow to 
maturity till fome ages afterwards. Nay, he is inclined 
to bring 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 Shenji, the capital of which Hood nearly in the 35th 
degree of northern latitude, and about five degrees to 
the well of Si-gan. That country and its metropolis 
were both called Chin ; and the dominion of its princes 
was gradually extended to the call and well. 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 
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word in abhorrence, and fpeak of themfelves as the China, 
people of a milder and more virtuous dynally : but it1 v'mm"* 
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 lee in polfeffion of the no- 
blell empire in Afia.” 

In fupport of this opinion, which the accomplilhed 
author ofteis as the relult 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 fciences 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 Hate 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 comparifon be- 
tween the mythology of the Chinefe and that of the 
Hindoos ; of which the refult is, that the former people 
had an ancient lyllengof ceremonies and fuperltitions 
which has an apparent affinity with fome parts of the 
olddl Indian worffiip. “ They believed in the agency 
of genii or tutelary fpirits', pr< liding over the liars 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 five ; and particularly over fire, the mi,(l brilliant of 
them. To thofe deities they offered victims on high ' 
places. And the following palfage from one of their 
iacred books, lays Sir W illiam, is very much in the 
Hyle of the Brahmans : ‘ Even they who perform a 
facnfice with due reverence, cannot perfectly allure 
themlelves that the divine fpirits accept their oblations; 
and far ITs can they, who adore the gods with languor 
and ofcitancy, clearly perceive their facred illapfes.’ 
Thefe (continues the Prefident) are imperfed traces 
indeed, but they are traces or an affinity between the 
religion of Menu and that of the Chinas, whom he 
names among the apollates from it ; and befides them, 
we difeover many other very fingular 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 for the myllical number nine; in many 
fimilar falls and great fellivals, efpecially at the folitices 
and equinoxes ; in the obfequies, confifling of rice and 
fruits offered to the manes of their anceltors ; in the 
dread of dying childlefs, left fuch offerings fliould be 
intermitted ; and perhaps in their common abhorrence 
of red 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 
W illiam Jones, all the circumftances which have been 
mentioned feem to prove (as far as fuch 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 llrong features of 
their ancient confanguity, efpecially as the Hindoos 
have preferved their old language and ritual, while the 
Chinefe very foon loft both ; and the Hindoos have 
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China, conftantly intermarried among themfelves, 

■ v—' Chinele, by a mixture of Tartarian blood from the time 
of their firft ellablifhment, have at length formed a race 
diftindt in appearance both from Indians and T. artais. 

Sir George Staunton, who accompanied the Earl of 
Macartney on his embafly to the Emperor of China, 
does not indeed direttly controvert this reafornng ; 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 thofe annals of the empire which 
almoft every other writer lias conlidered as fabulous. 

“ Next to- the ftudies which teach the economy of 
life, the Chinefe (fays he) value moll 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 Chriflian era the tranfadlions 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 objedl 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 ftate. 
Hiftorical works were multiplied throughout. The 
accounts of recent events were expofed to the correction 
of the witneffes of the fafts, and compilations of former 
tranfaCtions 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 ftrongerin- 
ducements or better opportunities to watch them than 
hi China ; and hence he infers, that the cycle of fixty 
years is of Chinefe formation. ii 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 obfcure, or to mix among the 
fame fixed ftars, might be afcertained in a ffiort 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 
difcovered, in which the unequal returns of the fun and 
moon were fo accurately adjufted, that at its termina- 
tion the new and full moons fhould 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 thoie great luminaries muft. 
have been completed, and numberlefs conjunftions have 
paft over, before their returns could be afcertained 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 leftened by the interven- 
tion of another of 60 years, or of 720 revolutions of the 
moon, which, with the fettled intercalation of 22 luna- 
tions, were at firft fuppofed to bring a perfedl coinci- 
dence of the relative politions of the fun and moon : 
but even according to this period, every new yrear was 
made conftantly to recede, in a very fmall degree, which 
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while the the Chinefe corredled afterwards from time to time. 

This cycle anfwered 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 
diftinguilhed by the union of two charadlers, 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 fa£l, the fame that denote the 
twelve hours or divifions of the day, each being double 
the European hour. The firft word or charadler 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- 
ries, marks the eleventh year of the cycle ; and the 
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 united in 
regular progreffion with the firft of the fecond feries, to 
mark the thirteenth year ; and proceeding by this rule, 
the firft chara&er 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 54^ 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, ftrould all be falfi- 
fied, and that the cycle when firft eftabliffied fhould 
have been autidated ; which is indeed as little probable 
as that the period, for example, of the Olympiads fhould 
be afferted to have commenced many ages prior to the 
firft Olympic games.” # . . 

This is a very pofitive decifion againft the opinion ol 
a man w'hofe talents and knowledge of oriental learning 
were fuch as to give to his opinions on inch fubjedts 
the greateft weight. If the ilatements 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 bis 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 tranfadlions 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 
irom time immemorial, and where, we have fhewn in 
another place, that the commencement of the cycle was 
adfuaily antedated (fee Philosophy, tf q.Encycl) VJe 
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 beeaufe 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 conliftent with itielf, 
and his conclufion more confonant to that outline of 
chronology, which, as he obferves, has been fo correftly 
traced for the lalt .2000 years, that we mult be hardy 
fceptics to call it in queftion. 

There is another point very nearly related indeed 
to this, about which thefe two learned men like wife 
differ. Sir George'Staunton informs us, that “ no ac- 
counts of a general deluge are mentioned in Chinefe hif- 
tory.” Sir William Jones, on the other hand, in the 
difcourfe already quoted, fays, “ I may allure 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- 

Jiding, and feparating the higher from the lower aSc of 
mankind." To which of thefe authors lhall we give 
credit ? The high antiquity which Sir George Staun- 
ton affigns 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 
iyllem of Sir William Jones left him at liberty to admit 

. or rejedd 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 refpebting the de- 
fcent of the Chinefe, but likewife to drew that both 
they and the Hindoos have preferved a traditionary ac- 
count of the deluge very limilar to that which is givcii 
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 iimilar name, Ihe found herfeif 
on a hidden encircled with a rainbow ; foon after which 
die became pregnant, and at the end of twelve years 
was delivered of a fon, radiant as herfeif, who, among 
other titles, had that of Sul, or the Star of the 7'ear.” 
In the mythological fyftem of the Hindoos, “ the nymph 
Rohini, who prelides over the fourth lunar manfion, 
was the favourite miftrefs of Soma or the Moon, among 
whofe numerous epithets we find Cumudanayaca, or de- 
lighting in a fpecies of waterfawer 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 defcended from 
Buda ; and he mentions a divine perfonage connedted 
with the Chinefe account of the birth of Fo-hi, whofe 
name was Niu-va. But if all thefe circumilances 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 Hate of their written language 
may occur as an objection ; for fince it is certain that 
alphabetical charadters were in ufe among the Hindoos 
before the period at which he places the emigration of 
the Chinas, how, it may be alked, came thefe people to 

drop the mode of writing pradtifed by their aneeftors, 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 objedtion, 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 Imall bodies. We do not know that the military call 
among the Hindoos was ever much devoted to letters ; 
there is the gieatetl reafon to believe that a degraded 
call would negledl 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 fhould have forgotten the alphabetical charac- 
ters of the Hindoos, is therefore fo far from being an 
objedlion 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 Hin- 
doltan to the northern provinces of what now conlti- 
tutes the Chinefe empire. 

Of the origin of the chara&ers which are ufed by 
this lingular people, the illuftrious prefident of the Afi- ' 
atic Society gives the following account from a Chinefe 
writer named Li Yang Ping. “ The earlidl of them 
were nothing more than the outlines of vifible obje&s, 
earthly and celeffial ; 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- 
duCfions of nature. Thus the idea of roughuefs and of 
rotundity, of motion and relt, were conveyed to the eye 
by fig ns reprefenting a mountain, the fky, a river, and 
the earth. The figures of the fun, the moon, and the 
liars, differently combined, flood for fmoothnefs and 
fplendour, for any thing artfully wrought, or woven 
with delicate workmanfhip. 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 paffions 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 lhape, and the Chinefe language became not only 
clear and forcible, but rich and elegant in the highefl 
degree*.” # 

.of th‘s language, both as it is fpoken and written, Sef/anL, 
Sir George Staunton has given an account fo clear andvol ii. Me- 
fcientific, that it will undoubtedly place him high among moir I3* 
the mofl eminent philologiits 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 fhall lay before our readers a pretty co- 
pious abflraCl of what he fays on the fubjed, 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 moll alphabets are utterly 
unknown, and the organs of a native advanced in life 
cannot pronounce them. In endeavouring to utter the 
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founds of B, D, R, and X, for inftance, he fubftitutes 
fome other founds to which the fame organ has been 
accuftomed ; L for R, and, as we have reafon to think 
from fome expreffions of Sir William Jones’s, F for B. 
The nice diftin&ions 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 diftinguilh, 
and of vocal powers to render them exa&ly. Synony- 
mous words are therefore frequently introduced in Chi- 
nefe dialogue to prevent any doubt about the intended 
fenfe ; and if in an intricate difcuffion any uncertainty 
fhould ft ill remain as to the meaning of a particular ex- 
preffion, recourfe is had to 'the ultimate criterion of tra- 
cing with the finger in the air, or otherwife, the form 
of the charadter, and thus afeertaining at once which 
was meant to be exprefied. In a Chinefe fentence 
there is no marked diftindfion of fubftantives, adjedlives, 
or verbs ; nor any accordance of gender, number, and 
cafe. A very few particles denote the paft, 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 expreflion of the 
morrow is fufficient to afcertain that his departure mu ft 
be future. The plural number is marked by the addi- 
tion of a word, without which the fingular 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 neceflary to mark 
their difference. The language is entirely monofyllabic. 
A fingle fyllable always expreffes a complete idea. Each 
fyliable may be founded by an European confonant pre- 
ceding a vowel, fometimes followed by a liquid. Such 
an order of words prevents the harfhnefs of fucceetiing 
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 diftinguilhed 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 ftill, in Chinefe, the name, for example, of 
a cat, is a pretty near refemblance of its ufual cry. . It 
occurred as naturally to endeavour, in fpeaking, to imi- 
tate the voice, if pra&icable, as it was in writing to 
fketch a rude figure of the objea of defcription. It is 
obfervable, that the radical words of moft 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 polyiylla- 
bic ; but the Chinefe grammarians, aware of the incon- 
venience refulting from the length and cpmplication 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 plaulible, and perhaps the true, ac- 
count of the monofyllabic form of the Chinefe language ; 
but it is proper to ftate the different account which is 
given of this peculiarity by Sir William Jones. “ It 

has arifen, according to him, from the fingular habits 
of the people ; for though their common tongue be fo 
rtmfically accented as to form a kind of recitative, yet it 
wants thofe grammatical accents without which all hu- 
man tongues would appear monofyllabic. Thus Amita, 
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 their language into 
monofyllables, even when the ideas expreffed by them, 
and the written fymbols 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 fucceffion of words in the fame fentence ; a fuc- 
ctflion 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 moft artlefs poffible, 
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- 
jeX of doubt b^ in a particular way or the contrary ; 
and accordingly a Chinefe inquiring about his friends 
health, w-ill fometimes fay, hou, poo hou ? The literal 
meaning of which words is, “ 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 fore ft. 

“ 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 moft 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 reprefentcd 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, ftill 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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different ftrokes. The form of thofe characters has not 
been fo flux as the found of words, as appears in the in- 
itance of almoft all the countries bordering on the Chi- 
nefe Sea or Eaitern Alia, where the Chinefe written, 
but not the oral language, is underftood; 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, notwithftanding the variety 
of its languages. 

“ A certain order or conne&ion 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 diltant intervals. Upwards of two 
hundred characters, generally confiding each of a few 
lines or ftrokes, are made to mark the principal objeCts 
of nature, fomewhat in the manner of Biihop Wilkin’s 
diviiions, in his ingenious book on the fubjeCt of uni- 
verfal language, or real character. Thefe may be con- 
fidered as the genera or roots of language, in which 
every other worcF*or fpecies, in a fyftematic 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, paflions, and 
afteCtions, that agitate the human breaft. Each fpecies 
is accompanied by fome mark denoting the genus or 
heart. Under the genus hand are arranged moll trades 

. and manual exercifes. Under the genus 'word every 
fort of fpeech, ftudy, writing, underftanding, 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 character or fpecies, the 
abridged mark of the genus is difcernible by a ftudent 
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 ftrokes 
of which each confifts, independently of the one or few 
which ferve to point out the genus. The fpecies want- 
ea is thus foon found out. Its meaning and pronuncia- 
tion are given through other words in common ufe; the 
firft of which denotes its fignification and the other its 
found. When no one common word is found to render 
exaCtly the fame found, it is communicated by two 
words with marks, to inform the inquirer that the con- 
fonant of the firft word and the vowel of the fecond join- 
ed together form the precife found wanted. 

“ The compofition of many of the Cbinefe charac- 
ters often difplays confiderable ingenuity, and ferves al- 
fo to give an infight into the opinions and manners of 
the people. The character expreffive of happinefs in- 
cludes abridged marks of land, the fource of their phy- 
fical, and of children that of their moral, enjoyments. 
This character, embelliftied in a variety of ways, is hung 
up almoft in every houfe. Sometimes written by the 
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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 publilhed many 
thoufand volumes of philological learning. Nowhere 
does eriticifm more abound, or is more ftriCt. The in- 
troduction or alteration of a character is a ferious un- 
dertaking, and feldom fails to meet with oppofition. 
The molt ancient writings of the Chinefe are itill clafii- 
cal amongil them. The language feems in no inftance 
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 characters, bearing, as 
hieroglyphics, a different fenfe. In that inftance, con- 
fequently, thofe characters 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 fhould take place between communities fpeaking 
different languages, the neceflity of ufmg hieroglyphics 
merely as marks of found would frequently recur. The 
practice would lead imperceptibly to the difcovery that, 
with a few hieroglyphics, every found of the foreign 
language might be expreffed ; and the hieroglyphics 
which anfwered bell this purpofe, either as to exaCtnefs 
of found or fimplicity of form, would be feleCted for 
this particular uie; and ferving as lo many letters, would 
form in faCt together what is called an alphabet. Thus, 
the paffage from hieroglyphic to alphabetic writing may 
naturally be traced, without the neceflity of having 
‘ recourfe to divine inftruCtion, as fome learned men 
have conjectured, on the ground that the art of writing 
by an alphabet is too refined and artificial for untutored 
reafon.’ 

“ The Chinefe printed character is the fame as is 
ufed in molt manuferipts, and is chiefly formed of 
ftraight lines in angular pofitions, as moft letters are in 
Eaftern tongues, efpecially the Sanfcrit; the characters 
of which, in fome inftanees, admit of additions to their 
original form, producing a modification of the fenfe. 
A running hand is ufed by the Chinefe only on trivial 
occafions, 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 rtudy of Chinefe wri- 
tings anfes 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 muft be conftantly 
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China, exerctfed by the ftudent* to fupply the abfence of fuch 

—■ v affiftance. That judgment muft be guided by attention 
to the manners, cuftoms, laws, and opinions of the Chi. 
nefe, and to the events and local circumftances 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 obftacles which an European may expedl to 
meet in reading Chinefe, not only from the remotenefs 
of fituation, but from the difference between him and 
the native of China in all other refpe&s. The Chiuefe 
chara&ers are in fail fketches or abridged figures, and 
a fentence is often a ftring of metaphors. The diffe- 
rent relations of life are not marked by arbitrary iounds, 
limply conveying the idea of fuch connexion ; but the 
qualities naturally expe&ed to arife outof fuch relations 
become frequently the name by which they are refpedtive- 
ly known. Kindred, for example, of every degree is thus 
diftinguiffied with a minutenefs unknown in other langua- 
ges. That of China has diftinA charaders for every modi- 
fication known by them of objeds in the phyfical and in- 
telledual world. Abftrad terms are no otherwife expref- 
ied by the Chinefe than by applying to each the name of 
the moft prominent objeds to which it might be applied, 
which is likewife indeed generally the cafe of other lan- 
guages. Among the Latins the abflrad idea of virtue, 
for example, was expreffed under the name of valour or 
ffrength (virlus), being the quality moil eileemed a- 
mong them, ns filial piety is conlidered to be in China. 
The words of an alphabetic language being formed of 
different combinations of letters or elemental parts, each 
with a diilind 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 charader has indeed a 
found annexed to it, but which bears no certain relation 
to the unnamed lines or ftrokes of which it is compo- 
fed. Such charader is ftudied and bed learned by be- 
coming acquainted with the idea attached to it; and a 
didionary 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 acquilition of Chi- 
nefe words be judly faid to engrofs mod of the time of 
men of learning among them Che knowledge of the 
fciences of the Chinefe, however imperfed, and of their 
mod extenfive literature, is certainly fufficient to oc- 
cupy the life of man. Enough, however, of the lan- 
guage is imperceptibly acquired by every native, and 
may, with diligence, be acquired by foreigners for the 
ordinary concerns of life ; and further improvements 
mud depend on capacity and opportunity.” 

Next to the lingular ftrudure of the oral and writ- 
ten language of the Chinefe, there is perhaps, nothing 
in their hidory more furprifing to a native of Europe 
than the number of the people, and the means by which 
they contrive to procure fublidence, without foreign 
trade, in a country fo crouded, and at the fame time 
not everywhere of a fertile foil. In the Encyclopaedia, 
the population of this vad empire is dated, from M. 
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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 ffiort of the truth. Sir George 
Staunton has publidied a datement, taken from one of 
the public offices in the capital, and given by a great 
and refpedtable mahderin to Lord Macartney, in which 
it is (hewn 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 coniids of nothing 
but barren rocks. That this account is accurate there 
can be little doubt; for the extent of the provinces was 
afcertained by adronomical obfervations, as well as by 
admeafurement; and the number of individuals is regu- 
larly taken in each divifion of a didrift by a tything- 
nian, or every tenth mader of a family. Thefe returns 
are collefted by officers refident fo near as to be capable 
of correfting any grofs midake, and are all lodged in 
the great regider of Pekin. 

For this exceffive population our author fatisfaftorily 
accounts. Celibacy, fays he, is rare ia China, even in 
the military profeffion ; the marriages are prolific as 
well as early, and the influence of the patriarchal fy- 
dem, to be explained afterwards, is fuch, that a man's 
children adds to his wealth. It is reckoned a difcredit 
to be without offspring; and they who have none adopt 
others, who become theirs exclufively. In cafe of mar- 
riage, fhould a wife prove barren, a fecond may be ef- 
poufed in the lifetime of the fird. The opulent, as in 
mod parts of the Ead, 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, occafionaliy produce famine in particular 
provinces, and famine difeale ; but there are lew drains 
from moral caufes either of emigration or foreign navi- 
gation. The number of manufaftures, whofe occupa- 
tions are not always favourable to health, whole con- 
dant confinement to particular fpots, and fometimes in 
a clofe or tainted atmofphere, mud be injurious, and 
whofe relidence in towns expofes them to irregularities, 
bears but a very fmall proportion to that ot hufband- 
men in China. In general there frems 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 ol food for man 
alone. There is no meadow, and very little padure ; 
nor are fields cultivated in oats, beans, or turnips, for 
the fupport of cattle of any kind. Few parks or plea- 
fure grounds are feen, excepting thole belonging to the 
emperor. Little land is taken up for roads, which are 
few and narrow, the chief communication being by wa- 
ter. There are no commons, or lands fuffered to lie 
w ade by the negleft, or the caprice, or for the fportof 
great proprietors. No arable land lies fallow. Hie 
foil, under a hot and fertilizing fun, yields annually, in 
mod indances, double crops, in confequence of adapt- 
ing the culture to the foil, and of fupplying its defefts 
by mixture with other earths, by manure, by irriga- 
tion, by careful and judicious indudry of every kind. 
The labour of man is little diverted from that indudry 
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China, to minifter to the luxuries of the opulent and povver- 
—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 fubfittence is increafed alfo, by converting more 
fpecies of animals and vegetables to that purpofe than is 
ufual in other countries. And even in the 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, connected together in one great fy- 
ftem of polity, fubmitting quietly, and through fo con- 
fiderable an extent of country, to one great fovereign ; 
and uniform in their laws, their manners, and their lan- 
guage, but differing eUentially in each of thefe refpefls 
from every other portion of mankind : and neither de- 
firous of communicating with nor forming any defigns 
agahrfl the reft of the world. To produce fuch a phe- 
nomenon, many caufes muftbe 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 neglected 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 
fmall 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 condudft 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 defcendants 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 diftridls ; every 
diftriift was cultivated conjointly by eight labouring fa- 
milies, which compofed each hamlet; and they enjoyed 
all the profit of their labours, except a certain fiiare 
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 viflories, 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 conliderable domains were 
fubdivided into very moderate parcels by the fucceffive 
diftribution of the poffelfions 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 fucceflion. 

From the operations of all thofe caufes, 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 perfectly 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 lei's objects 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 
extravagance, or extorted by oppreffive mandarines, fel- 
dom continue to be coniiderable in the individuals of the 
fame family beyond the third generation. To afcend 
again the ladder of ambition, it is neceffary, 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 claffes 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- 
trift'in the province, are the candidates in the provin- 
cial capital. They who fail in the firft and fecond 
claffes 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 to 
thofe who are found upon competition to excel in the 
military arts and in warlike exercifes. This diftribution 
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China, of offices contributes greatly to the peace of the em. 
   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 eonftitution which brings 
within the reach of the meaneh fubjedt, who has talents 
and induftry, the higheft Ration next to the fupreme. 

“ The great 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 tranfatfions of 
the empire are regularly tranfmitted. They are coun- 
cils of reference from the emperor, to whom they report 
every bufinefs of moment, with the motives for the ad- 
vice which they offer on the occafion. There is a body 
of do&rine compofed from the writings of the earliefl 
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 juflice, 
and on the purefl principles of humanity. 

“ His imperial majefty generally conforms to the fug- 
geftious of thofe tribunals. One tribunal is direfted 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 the maxim, that exterior forms contribute 
not a little to prevent the breach of mqml rules. The 
mo ft arduous and critical is the tribu«l of cenfors ; 
taking into its confideration the effed of mbfifling laws, 
the condud 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 hiRory. The whole is a regular and confident 
fyRem, eRabliihed at a very early period, continued 
with little alterations through every dynaRy, 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, arifes from 
the admiffion of as many Tartars as Chinefe into every 
tribunal.,, The opinions of the former are fuppofed al- 
ways to preponderate; and many of them are indeed 
men of eonfiderable talents and Rrength of mind, as 
w£ll as polifhed manners. They are, however, in gene- 
ral, fitter for military than civil offices. The hardy edu- 
cation, the fough manners, the adive fpirit, the wan- 
dering difpofition, the loofe principles, and the irregu- 
lar condud, of the Tartar, fit him better for the pro- 
feffion, pradice, and purfuits of war, than the calm, re- 
gulated, and domeftic habits of the Chinefe. 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#vIa- 
cartney, and was himfelf a diffinguiffied officer, afl’ert- 
ed that, “ including Tartars, the total of the army in 
the pay of China amounted to i,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 poRs at finall diRances 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 exiR, a great proportion of 
them muR have been in Tartary, or on fome fervice di- 
ftant from the route of the embaffy. 

“ Of the troops, efpecially cavalry, a vaft number are 
Tartars, who have a higher pay than their Chinefe 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 lame defeription 
has two ounces of filver and ten meafures of rice every * 
lunar month. The Emperor furnifiies the arms, ac- 
coutrements, and the upper garment, to all the foldiers. 
Befide their ordinary pay and allowances, they alio 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,coo of pounds Rerling ; 
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 firil paid upon the fpot out of 
the treafuries of the refpeftive provinces where fuch 
expences are incurred; and the remainder is remitted to 
the Imperial treafury at Pekin. This furplus amounted 
in the year 1792 10 the fum of 36,614,328 ounces of 
filver, or 12,204,776 pounds Rerling, 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 a&ion, or con- 
nefted with the occafion of the expence. 

“ In the adminiRration of the vail revenue of the Rate, 
the opportunities of committing abufes are not often 
negleded; 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 moll of the public departments, 
by which confiderable fortunes are acquired, notwith- 
Randing the modicity of the public falaries.” 

With fuch a Randing army and fo vaR a revenue, it 
will no longer appear wonderful that one man ffiould 
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 circumllan- 
ces in the fyflem of Chinefe policy, not yet mentioned, 
which contribute perhaps more than even thefe habits 
and that power to preferve the Rability 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 unforefeen calamity. On fuch occafions 
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China, he always comes forward. He orders the public gra- This is in fa£l the cafe. He is not only approached 

> ' naries to be opened ; remits the taxes to thofe who are in perfon with teltimonies of the utmoft refpeft, but is 
vifited with misfortune; affords afiiitance to enable them adored when abfent with all the rites and ceremonies 
to retrieve their affairs; and appears to his fubjefts as which are ufed by the Chinefe in the worfhip of their 
ftanding almoft in the place of Providence in their fa- divinities. On his birth-day, at the new and full moon, 
vour. He is perfe&ly aware by how much a ftronger and probably on other feftivals, all the mandarines re- 

ChliiSr 

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 fubjedts, that he not only rejedted, 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 big 
apparent benevolence, is increafed by an opinion zea- 
loufly in (tilled into the people, that he has the faculty 
of predi&ing 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 tranfadtions of mankind ; and the pe- 
riods of their occurrence become, of courfe, objects of 
attention and folicitude. The government of the coun- 
try, ever anxious to eftablifh its authority in the general 
opinion of its fuperior wifdom and conftant care for the 
welfare of the people, employs the European milfion- 
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 omenous of fome general calamity; and 
as great pains are taken to infpire them with a belief 
that their profperity is owing to the wifdom and virtues 
of their foyereign, 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 conduct. He never ventures 
on any undertaking of importance at the approach of 
a folar eclipfe, but affedts to withdraw himfelf from the 
prefence of his courtiers, to examine (trictly into his 
late adminiftration of the empire, in order to correct 
any error, for the commifiion of which the eclipfe may 
h«ve been an admonition. On thefe occafions he in- 
vites his fubjedts to give him freely their advice: but it is 
plain that advice mull be 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, muft be looked 
upon by his fubjedfs as fomething more than human. 

Suppl. Vol. I. Part II. 

fident in the neighbourhood of any of his numerous pa- 
laces affemble about noon, and repairing to the palace, 
1’olemnly proftrate themfelves nine times before the 
throne, their foreheads linking the floor each time ; 
whilft incenfe 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 charadlers of glory and per- 
fedlion ; and the name of the Deity is given to the em- 
peror, who is confidered by his votaries as poffefling in 
feme fenfe the attribute of ubiquity. Mr Barrow, one 
of the gentlemen of the embaffy, was prefent at Yw*. 
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 abfence does 
not appear on his birth-day to receive the compliments 
of his fubjedls, will not furprife the reader. The man- 
ner in which that fellival is celebrated at the palace, 
where the emperor happens to be refident, is thus de- 
feribed by Sir George Staunton, who witnefled this 
more than augufl ceremony at the palace of Zbe-hal in 
Tartary. “ The princes, tributaries, ambaffadors, great 
officers of Hate, and principal mandarines, were affetn- 
bled in a vail hall; and upon particular notice, were in- 
troduced into an inner building, bearing, at leaft, the 
femblance of a temple. It was chiefly furniihed 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 inftruments a flow and folemn hymn 
was fung by eunuchs, who had fuch a command of their 
voices as to referable the effeft of the mufical glafles at 
a diilance. The performers were directed, in gliding 
from one tone to another, by the ftriking of a ffirill 
and fonorous cymbal ; and the judges of mufic among 
the gentlemen of the embaffy were much pleafed with 
their execution. The whole had indeed a grand effedt. 
During the performance, and at particular iignals, nine 
times repeated, all the perfons proftrated themfelves 
nine times, except the ambaflador 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 ^ the 

(a) The Chinefe court, which confiders all other fovereigns as fubordinate to their own, exa&s from foreitrn 
mimiters, as well as from natives of the empire, nine proitrations upon their firft introduaion to the emoeror 
ims demand was made, in the laft century, of the Dutch, who inftantly complied with it in hopes of obtaining 

IU f jUrrn-m°Te .TatIve advantages ? and the confequence was, that their ambaffador was treated with neo-lea and difmifled without promife of the fmalleft favour. It was likewife made of a Ruffian ambaffador in the*ore* 
tent century ; but he would not comply with it, until a regular agreement was made for its return on a like oc- 
caiion, to his own fovereign. Lord Macartney, who was repeatedly urgpd to go through the fame abiea cere- 
mony, difplayed fuch firmnefs and addrefs, that after much evafion it was at lait announced to him that his im- 
perial majefly would be fatisfied with the fame form of refpeaful obedience that the Englifh are in the habit of 
paying to their own fovereign ; and upon thefe terms his lordfhip was introduced and gracioufly received 
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China, the minds of men by this apparent worfliip of a fellow- 
mortal might not be too quickly eflaced, all fcenes o 
fport and gaiety were poftponed to the next day, when 
a variety of enteitainments was exhibited in the pre- 
fence of the emperor, furrounded by his court and tri- 
butary princes. . f , ru • 

Notwithftanding the general veneration ot the t^hi- 
nefe for the perfon and government of their emperor, 
the mandarines aflerted that a feft had for ages fubfift- 
ed in the country, whofe chief principles were founded 
on an antipathy to monarchy, and wdio nourifhed hopes 
of at lall 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 ella- 
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 declaratipn of the rights 
of man, which, through the zeal of its authors, has 
been tranfiated 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 feft 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 puniihment, which may be inilantly in- 
fli&ed 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 poflure to communicate his bufinefs. 
The mandarine himfelf, on the other hand, lies under 
the hardlhip 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 conduct againft difgrace; and feel- 
ing the chagrin of infecurity, many of them muft doubt- 
lefs be ripe for a revolt. Fear may keep them quiet du- 
ring the reign of a fovereign pofielfcd 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 ele&ive. 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 practice for the emperor, during his lifetime, 
to declare his fucceffor ; for when his fucceffion is fet- 
tled by a written teftament, the throne is not always 
filled by him for whom it was deftined. T. he father of 
the emperor to whom the Britifh embaffy was fent, is 
faid to have obtained poffeffion of the throne by fud- 
denly entering the palace in the laft moments of his 
predeceffor, and fubdituting 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 worfliipped in the empire by very 
different rites and ceremonies; but there is in China no 
(fate 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 
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 limple but 
neat conftru&ion. 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 worlhip : their attention is almott wholly engaged 
by their houfhold gods; for every houfe has its altar 
and its deities. 

“ No people are, in faft, more fuperftitious than the 
common Chinefe. Befide the habitual offices of devo- 
tion on the part of the priefts and females, the temples 
are particularly frequented by the difciples of Fo pre- 
vioufiy 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, {hakes 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 palled 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 uppermofl 
when fallen on the floor is in like manner referred ta 
its correfpondent mark in the book or (beet 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 time, 
and the third throw determines, at any rate, the quef- 
tion. In other refpedls, the people of the prefent day 
feem to pay little attention to their priefts. The 
temples are, however, always open for fuch as choofe 
to confult the decrees of heaven. They return thanks- 
when the oracle proves propitious to their wilhes. ^ 
they oftener call lots to know the iffue of a piojedted." 
enterprife than fupplicate for its being favourable ; and 
their worfhip confifts more in thankfgiving than in- 
prayer. 

“ The Chinefe are feldom faid to carry the obje&s to 
be obtained by their devotion beyond the benefits ot 
this life. Yet the religion of Fo profeffes the dodtrine 
of the tranfmigration of fouls, and promifes happinels 
to the people on conditions, which were no doubt ori- 
ginally intended to confill in the performance of moral 
duties ; but in lieu of which are too frequently fubfti- 
tuted thofe of contributions towards the ereftion or re- 
pair of temples, the maintenance of priefts, and a iludl 
attention to particular obfervances. T. he negledl of 
thefe is announced as pumfhable by the fouls ot 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- 
ftrves the name of fcience in the whole empire. So 
little is the ftudy of mathematics cultivated, that there 
are few ftiopkeepers in China who can perform the or- 
dinary operations of arithmetic ; but call up their ao 
counts by means of an inftrument called(See 

Swak- 

Chira. 



CHI L 427 ] CHI 
China. SMtanpan, Encycl.). Though the compofiti’ou of gun- 

powder was certainly known in China much earlier 
than in Europe, and though the Chineie 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 ftate 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 
praftice, 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 profeffion feldom exceed the fkill of the practitioner. 
As many copper coin as fcarcely are equal to fixpeuce 
llerling is laid to be the ufual fee among the people ; 
and perhaps quadruple among the mandarines. Medi- 
cine is not divided in China into diilintl branches as in 
moil parts of Europe. The fame perfon ads as phyfi- 
cian, Jurgeon, and apothecary. The furgical part of 
the profeffion is ftill more backward than the others. 
Amputation,, in cafes of compound fraClure and gan- 
grene, is utterly unknown ; and death is the fpeedy 
confequence 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 
diftridt, 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 ffiut 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 
hy medicines, generally of an aperient kind, and ftridly 
dieted for a fhort time, a lucky day is ehofen to fpi inkle 
a little of the variolas powder upon a fmall piece of 
fine cotton wool, and to infert 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. 
There 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 fuperflitious obfervances. 

^Many praditioners of phyiic take the advantage, as 
eLewhere, of the obfeunty 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 
ttieir own. They diftribute hand bills, fetting forth 
the efficacy of their medicines, with attelled cures an- 
nexed to them. ^ And there is one fed which boldly 
arrogates to itfelf the poffeffion of a medical fecret not 
to die! To thofe who had all the enjoyments of this 
life, there remained unaccomplifhed no other wifh than 
tnat of remaining for ever in it. And accordingly fe- 
veral fovereigns of China have been known to cherifh 
the idea of the poffibility of fuch a medicine. They 
had put themfelves, in full health, under the care of 

thofe 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 fuch extrads and proportions of the poppy, 
and of other fubflanccs and liquors, as occalioning a 
temporary exaltation of the imagination, palled for an 
indication of its vivifying effedsi Thus encouraged, 
they had recourfe to frequent repetitions of the dofe, 
which brought on quickly languor and debility of fpi- 
rits : and the deluded patients often became vidims to 
deceit and folly in the flower of their age. 

“ 1 here are in China no profeffors of the fciences 
conneded with medicine. The human body is never, 
uniefs privately, diffeded there. Books, indeed, with 
drawings of its internal ftrudure are fometimes publifh- 
ed j but thefe are extremely imperfect, and confulted, 
perpaps, oftener to find out the name of the fpirit un- 
der vvhofe protection each particular part is placed, than 
for obferving its form and fituation. 

“ It is a matter of doubt, whether natural hiftory, na- 
tural philofophy, or chemiftry, be, as feiences, much 
more improved than anatomy in China. There arc fe- 
veral treatifes, indeed, on particular fubjeds in each* 
The Chinefe likewife pofTefs a very voluminous Ency- 
clopaedia, containing many fads and obiervations rela- 
tive to them ; but from the few refearches which the 
gentlemen of the embafly had letlure or opportunity 
to maice during their fhort vifit to the country, they 
perceived no traces of any general fyftem or dodrine 
by which feparate fads or obfervations were conneded 
and compared, or the common properties of bodies af- 
certained by experiment ; or where kindred arts were 
conduded on fimilar views, or rules framed, or deduc- 
tions drawn from analogy, or principles laid down to 
conftitute a fcience." 

Ot all people the Chinefe are perhaps the moft eager 
in their curiofity about foreigners coming among them, 
and the moft uidifiereut about the countries of fuch fo- 
reigners. They have been always in the habit of con- 
fining their ideas to their own country, emphatically 
fly led the middle kingdom. No Chinefe ever thinks of 
quitting it, except a few of defperate fortunes reiiding 
near the lea-coaft, or fea-faring men, who form a clafs, 
in a great mealure, 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 coniider, perhaps pro- 
perly, as of no real benefit to the empire. .Regions out 
of Afia are fcarcely 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 refpeas 

from thofe in ufe elfewhere, that it will at Raft 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 df copper, and bear a 
great refemblance in form to the body of a violin. 
Like that inftrument, they are rounded off at the ex- 
tremicies, and indented on the fides to admit the fingers* 
The faces are flat and parallel, and have Chinefe cha* 
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Chinefe. rafters engraven on the upper furrace. 

"in a regular decimal progiefiion, of which Coquebert 
has difeovered four diitmft feriesj the units of which 
are in the proportion of i, 10, 100, 1000. Inftead of 
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 diftinft weight for every intermedi- 
ate number between one and ten. Thus they have weights 
©f 1,2, 3, 4> 6, 7, 8, 9, 10, 20, 30, 40, 50, 60, 70, 
80, 90, See. Of courfe, thofe weights which Hand 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 
impofiible to diftinguiih them without the help of the 
eharafters which are engraven upon the face. 1 his is 
eonfefledly a defeft in the fyftem. Of the four diffe- 
rent 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 kang or loam, and which the 
Europeans call tael, taille, or Chinefe ounce. T.his ounce 
is divided into ten tjien, 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. I hey have diftinft names, 
which are all monofyliable, for nine feries below the fen. 
Suppofing the kin to ftand for unity, they have, 
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The Chinefe weights, compared with the greateft 
precifion, and with the help of the btft 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 
70 grains T

8
0 ; the fen 7 grains -r!^. Confequently the 

amounts to no more than o 
, _ 0 TO > . _ 
laft of this feries, the fun, 
grains 00000000708. 

Chinese Wheel is an engine employed in the province 
of Kiang-fee, and probably through the whole empire, 
for raifing 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 effeftual to its pur- 
pofe, it is thus deferibed : . r 1 r j 

« Two hard wood-pofts or uprights are firmly fixed 
m the bed of the river, in a line perpendicular to its 
bank. Thefe polls fupport the axis, about ten .eet m 
length, of a large and durable wheel, confifting of two 
unequal rims, the diameter of one of which, clofeft to the 
bank, being about fifteen inches Ihorter than that of 
the outer rim ; but -both dipping in the ftream, while 
the oppsfite fegment of the wheel rifes above the eleva- 
ted bank. This double wheel is connefted with the 
axis, and is fupported by 16 or 18 fpokes obliquely in- 
fected near each extremity of the axis, and crofting each 
other at about two-thirds of their length. They are 
there ftrengthened 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 bafhet-work, ferving as laddie-boards or floats, Chinefe, 

which meeting lucceffively the current of the ftream, , 
obey its impulfe, 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 deprefled, 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 conltruftion 
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 thm 
fiices, of the bamboo. Neither nails, nor pins, nor 
ferews, nor any kind of metal, enters into its conllruc- 
tion. The parts are bound together firmly by cord- 
age, alfo of flit bamboo. Thus, at a very trifling ex- 
pence, is conllrufted 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 eale 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 a periphery of 
20 tubes, twelve gallons. A ftream of a moderate ve- 
locity would be fufficient 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 refpefts to any machine yet in ufe 
for fimilar purpofes. He obferves, that, while it ap- 
proaches near to the Perfian wheel, of which a deferip- 
tion and figure is given in the article Hydrostatics, 
Encycl. it is more Ample than that wheel in its con- 
trivance, and much lefs expenfive. 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 wrater into the mois of Biair 
Drummond in Perthftiire. See Moss, Encycl. 

CHOPINE, Choppine, or Chopeene, a high (hoe, or 
rather clog, worn 2CO 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 fubjeft to 
the figniory of Venice, that is not to be obferved, I 
thinke, amongft any other women in Chnftendome, 
which is fo common in Venice, that no women whatfo- 
ever goeth without it, either in her houfe or abroad. 
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Chowdry a thing made of wood and covered with leather of fundry 

Chrono'o co^ors' fome with white, feme redde, fame yellow. It is 
gjcal." called a chapiney, which they wear under their Jhoes. 

1—-y—. 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 fooliih cuftom is not cleane 
baniihed 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,,that by how much the nobler a woman is, by fo 
much the higher are her chapiney!. All their gentle- 
women, and moft of their wives and widowes that are 
of any wealth, are afiifted eyther by men or women 
when they walke abroad, to the end they may not fall. 
They are borne up moft commonly bv the left arme, 
otherwife they might quickly take a fall.,, 

CHOWDRY, in Bengal, the pofieftbr of feveral 
Talooks. It is alfo ufed as fynonymous with Talooldar, 
anciently a colleftor. SccTalook in this Supplement. 

CHRISOM was not, as is faid in the Encyclopaedia, 
a face-cloth or piece of linen laid over the child’s head 
when it was baptized; but it was a white vefture or 
garment, which, immediately after it was baptifed, the 
prieft put upon it, faying, “ Take this white vefture as 
a tnken r>f the innnrenrv. wjViiVVi kv a token of the innocency, which, by God’s grace in 
this holy facrament of baptifm, is given unto thee, and 
for a iign whereby thou art admonilbed, fo long as thou 
liveft, to give thyfelf to innocence of living, that after 
this tranfitory life thou mayell be partaker of life ever- 
lafting. Amen.” 

As foon as the prieft had pronounced thefe words, 
he anointed the infant upon the head, faying, “ Al- 
mighty God, the Father of our Lord Jefus Chrift, who 
hath regenerated thee by water and the Holy Ghoft, 
and hath given unto thee the remiffion of all thy fins ; 
he vouchfafe to anoint thee with the unftion of his 
Holy Spirit, and bring thee to the inheritance of ever- 
lafting life. Amen.” 

It was from this anointing or chrifm that the white 
garment got the name of chrifom, which, after being 
worn a few days, was offered to the priert to be kept 
in the church or veftry, in order to be produced as 
evidence againft the perfon whofe chrifom it was, ihould 
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 (he was churched, the chrifom 
and other accuftomed offerings. If the child died be- 
fore its mother was churched, the chrifom was not .gi- 
ven to the prieft, but employed as a Ihroud, in which 
the body was buried ; and hence it is that chrifoms are 
now enumerated, moft abfurdly indeed, in the weekly 
bills of mortality. We fay abfurdly; becaufe children 
who die unbaptized are czMed chrifoms, though the chri- 
fom, w'hen it was ufed, was never put on till baptifm. 
See Whitby on the Book of Common Braver, &c. 

CHRONOLOGICAL characters are characters 
by which times are diftinguifhed. Of thefe fome are 
natural or aftronomical ; others, artificial or hiftorical. 
The natural characters are fuch as depend on the mo- 
tions of the ftars or luminaries, as eclipfes, foljlices, equi- 
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noxes, the different afpeds of the planets, &c. The ar- 
tificial characters are thofe that have been invented and 
eftablifiied by men ; as the folar cycle, the lunar cycle, 
&c. Hiftorical chronological characters are thofe fup. 
ported by the teftitnony of hiftorians, 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 meafure time. 

CHUCKIAH, in Bengal, the jurifdiction of a Fo- 
gedar. See Fogedar in this Supplement. 

< CHURCH is a word which has many different fig- 
nifications, all fufficiently explained in the Encyclopte- 
dia Britannica, where there is likewife given a concife 
hi/lory oi the Chriftian church (fee History, Sedt. ii.), 
defedtive, indeed, but perhaps not more fo than was to 
be expedted from the limits of the work and the extent 
ot the fubjedt. 

Of the conftitution of the primitive and apoftolical 
church, no man can have a corredl notion who has not 
taken die trouble to confult the primitive and apoftoli- 
cal writers ; for, as wa have elfewhere obferved, all mo- 
dern compilers of eccleliaftical hiftory are more or lefs 
prejudiced in behalf of the particular church to which 
they belong, and wreft the language of the original 
writers fo as to make them bear wutnefs to the antiqui- 
ty modes of faith and ecclefiaflicalpolity, which are not 
perhaps a hundred years old. 

On this account we fliall not here attempt to corredt 
what we really think the miftakes of him who compiled 
the feddon of ecclefiaftical hiftory in the Encyclopaedia. 
Mofheim and Sir Peter King, whom he 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 ConJIitution of the 
Primitive Church, are works of learning and ingenuity j 
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 adiiered to truth, by ftudying the ecclefiaftical wri- 
ters of the fir ft four centuries. Such a ftudy will nuke 
them acquainted with the do&rines, difcipline, and wor- 
flup of the church before it was incorporated with the 
ftate; and we know not that kind of knowledge which 
is oi moie importance to the divine, however much it 
may be defpifed in this age of affedkd fcience and real 
ignorance. 

Of tiie principal churches at prefent exifting, a pretty 
full account is given in the Encyclopaedia, either under 
their different denominations, or under the titles of thofe 
tenets by which they are chiefly diftingnifhed ; fo that 
from that Work alone a reader may form a tolerably, 
accurate notion of the faith, worfhip, conftitution, and 
dilciphne of the church of Rome, the churches of Eng'- 
land and Scotland, the Lutheran and Galviniftictl 
churches on the continent of Europe, as v/ell as of the 
various feds which have arifen in thefe kingdoms du- 
ring the courfe of the laft and prefent centuries. There 
is, however, one church which boafts of a very hiVh an- 
tiquity, and is certainly fpread over a laro-er extent of 
country than all the other churches that we have men- 
tioned, of which the account given in the Encyclope- 
dia is exceedingly defeftive. Our readers will perceive 
tlicit the church to which we allude is 

Th* 

Cffrono- 
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1) 
Church. 
—r—> 



C It u [ 43° ] C H U 

Church. *The Greek Church, which comprehends in its bo- 
'   'fom (a) a confiderable part of Greece, the Grecian 
T- Jjreek ifies, Wallachia, Moldavia, Egypt, Abyffima, Nubia, 
church. Lybia, Arabia, Mefopotamia, Syria, Cilicia, and Paxe- 

ftine, which are ail under the junfchaion ot the patn- 

contrary to the fecond commandment of the decalogue^, 
which, according to them, prohibits only the worihip- 
ping of fuch idols as the Gentiles believed to be gods ; 
whereas their pidtu^es, being uied merely as remembran- 
cers of Cbriil and the famts. have written on each of 

Church. 

ttine. wnicn sec ci*i liij'-ici 11.* r 11 v.* i r i * *. 
arch of Conftantinople, Alexandria, Antioch, and Je-. them the name of the perfon whom .t , o1 i, .1 , f . Omfltar-i rtr^fent Kimr adores us tnat the 

is meant to re- 

The faith 
of that 
church. 

rufalem. If to thefe we add the whole of the Ruflian 
empire in Europe, great part of Siberia in Aha, At- 
tracan, Cafan, and Georgia—it will be evident that the 
Greek church has a wider extent of territory than the 
Latin, with all the branches which have fprung from 
it; and that it is with great impropriety that the church 
of Rome is called by her members the catholic or um- 
verfal church. That in thefe widely diftant countries 
the profeffors of Chriftianity are agreed in every minute 
article of belief, it would be ralh to aflert ; but there is 
certainly fuch an agreement among them with refped 
both to faith and to difcipline, that they mutually hold 
communion with each other, and are in fa& but one 
chutch. , , 

As the Greek church has no public or euabliinec. 
articles, like thole of the churches of England and 
Scotland, we can colled! what is its doftrine 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. “ / he 

do&rine of the Trinity, and the articles of the Nicene 
and Athanafian creeds, are received by the Greeks in 
Common with other CHriitians. In one particular, in- 
deed, they differ from the other churches ot Europe, 
whether Romiih or reformed- They believe that the 
Holy Spirit proceeds from the father only, and not 
from the Father and the Son ; and in defence of this 
opinion they apneal to eccleliaftical hiftory, the afts ot 
councils, the writings of the fathers, ancient manu- 
fcripts, and efpecially to a copy of the creed ot Lon- 
ftantinople, engraven on two tables of hlver, and hung 
up in the church of St Peter at Rome by order of Leo 
HI Qf the Nicene or Conftantinopolitan creed, there- 
fore, as it is received by them, the eighth article runs 
in thefe words, ‘ I believe in the Holy Ghqft, the 
Lord and Giver of life, who proceedeth from the bA- 
Ther, and with the Father and the Son together is 

Con- wor{hipped and glorified And the correfpondmg ar- 
'hlp- ticle of the Athanafian Creed is of courfe, “ 1 he Holy 

f Daila- 
•way's c 

Jlantinople, 

Ghoft Is'of the fIt H T, neither made, nor created, nor 
amt King's begotten, but proceeding-j*. . , . 
Rites andCe- 'X'houri"h the hilhops and clergy Oi the Gieek church 
remonies.&cahhor tt^ ufe 0f images, which they pretend to be one 

It admits of caufe of their feparation from the fee of Rome, they ad- 
pidtures, mit into their churches the pi&ures ot faints to mitruct, 

they fayr, the ignorant, and to animate the devotion o 
others. This practice they coniider as by m3 means 

but not of 
graven 
images. 

prefent. Dr King affures us that the more learned of 
the Ruffian clergy would willingly allow no reprefenta- 
tion whatever of God the bather ; and that, during the 
reign of Peter the Great, the fynod not only cenluted 
the ufe of fuch pictures in churches, but petitioned the 
emperor that they might be everywhere taken down, 
Peter, however, though he fully concurred in opinion 
with the fynod, thought this a meafure for which the 
minds of his fubjedts were not ripe, and dreaded, that; 
if carried into execution it would occaiion a general in- 
furredtion. Such pidtures, therefore, though not more 
impious than ablurd, are ftill in ufe ; and in many 
churches, as well ancient as modern, the figure oi Da- 
niel’s Ancient of Days, together with that of Chrijl and 
a dove, 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 pidlure of an old man holding a globe, and 
furrounded with angels, on which God the Father 
was mfcribed \ and we have not heard that the pidtuie 
has been fince taken down, ^ 

In the Greek as well as in the Roman church, the invocation, 
invocation of faints is pra&ifed, but they are not invo- of faints, 
ked in either as deities, but merely as interceflors 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 addre'fs ourfelves immedi- 
ately to the Almighty.” Plaufible as this reafoning 
may at firff fight appear, it aferibes tQ the faints the di- 
vine attribute of ubiqmty, and is likewiie in diieCt con- 
tradidlion to the dodtrine 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 Chriff Jefus.” 5 

The Greek church, at the celebration of the Lord’s Prayers for 
Supper, commemorates the faithful departed, and even 
prays for the remiffion of their fins ; but Hie allows not 
of purgatory, nor pretends to determine dogmatically 
concerning "the ffate 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 prayers 
could not be offered without abfurdity ; and in this part 
of her dodtrine fire is certainly countenanced by all the 
writers of the primitive church, if not by fome paffages 
of the Lcred feriptures *. The pradlice of praying for * Math. 
the dead is loudly condemned in every Proteftant coun-xxv. 19, 20, 
try, and yet there is noChriitian who does not in effedt— . „ -34- 

pray,r«.i.lS. 

(a) King's RUa and Cermonia of th Greek CW-Bruce>s 7W, <» the Source of the Nile-znl I-obo's 
Voyage to Abyffinia. are received and nine provincial ones. The feven general 

(B) In the Greek church feven genernl ^ Conftantine. 2. The firfl council of Conllan- 

rojrtS A. ^^."fnaer-SoLius the drea, j. The -ncU of Ephefus, A. ^ in the re^t 

A-(?) We fay the grS bldyof mankjnd.Tclfc'lhe’ioubtlefs believes that Enoch, Elias, and thofe faints who 
pofe with our Saviour, have been already judged, and now enjoy their rewar in eaven. 
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6 
Grants no 
indulgen- 
des. 

Predeftina- 
tion. 

Church, pray for his departed friends. Tin's may appear a pa- 
""v "" radox, but it is an obvious and a certain truth ; for 

where is the man who believes in a general judgment, 
and does not 'wijh that his deceafed wife, or parent, or 
child, or friend, “ may find mercy of the Lord in that 
day ?” Such a wifh is the effence of a prayer ; which 
confifts not of the founds in which our fentiments are 
cloathed, but in the afpirations of a devout heart. 

Supererogation, with its confequent indulgencies and 
difpenfations, which were once fo profitable, and after- 
wards fo fatal to the interefts of the court of Rome, are 
utterly difallowed in the Greek church, which likewife 
lays no claim to the charadter of infallibility. She-is 
indeed, like fome other churches, very inconfiftent on 
this lait topic ; for whillt file pretends not to an abfo- 
lute exemption from error, her clergy feem to confider 
their own particular mode of worfhip as that which 
alone is acceptable to God. 

Predeilination is a dogma of the Greek church, and 
a very prevailing opinion amongft the people of Ruffia; 
“ and I mull do the jullice (fays Dr King) to thofe 
who have written upon it, efpecially the lateft 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 difcu^^ed.’, As our 
author has not given us the reafoning of the Ruffian' 
dodfors on this difficult fubjedt, we cannot hazard any 
opinion of our own on the foundnefs of their logic ; 
but from the ftate of fcience in that vaft 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- 
llows on it. (See Russia, ri° \o^. Encycl.) 

Ip the Greek church there are feven facraments; or, as 
they are there termed, myfteries, viz. baptifm; the chrifm, 
or baptifmal undlion ; the eucharijl; confeffion ; ordina- 
tion ; marriage ; and the myftery of the holy oil, or eu- 
chelaion. By the Greeks a myftery is defined to be 
“ a ceremony or adt 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 Chriftians, 
viz. laptifm, the baptifmal un&ion, the eucharijl, and con- 

fefjicn. 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 refpedl to baptifm, we know not that they hold 
any peculiar opinions. They confider it indeed as fo 
abfolutely neceflary to falvation, that in cafes of extre- 
mity, when a priefi or deacon cannot be had, it may be 
adminiftered by a midv/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 neceffityv 
The Portuguefe Jefuits, who in the laft 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 ftiewn, by the 
moft incontrovertible evidence, that this was a mere 
fidlion, invented to throw odium upon what the church 
of Rome calls the eaftern chifm, and abhors perhaps 
more than paganifm itfelf. 

The daily fervice of the Greek church is fo long and 
fo complicated, that it is impofiible for us to give an 

Church. 

Seven fa- 
sraments. 

^ .,9 Daily fer- 
vice of the 
church, 

adequade account of it without fwelling this article far 
beyond its due proportion. Of this the reader will he 
convinced, when he is informed that the feveral hooks jntrjcate 
containing the church fervice for all the days in the and tedious, 
year, amount to more than twenty volumes in folio, 
beiides one large volume called the regulation, which 
contains the directions how the reft are to be ufed. 

The four gofpels make one volume by therolelves ; 
and whenever the gofpel is read in any feivice, the dea- 
con exclaims ; “ Wifdom, Hand up. Let us hear the 
holy gofpel.” The prieft then faith, “The leflbn from 
the gofpel according to St Matthew, St Mark, &C.” 
The deacon fays again, “ Let us hand.” 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 teftament and the epiftles extracts 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 Hands, and was 
at firft drawn up in writing, is calculated for the ufe of 
monaileries ; 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 ilighteft 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 w'ere formerly three diffinft fervices, read at dif- 
ferent times of the day, are now run into one fervice ; 
which by thqfe not accuftomed to it is therefore deem- 
ed long, as well as deformed by needlefs repetitions, 

The fervice of every day, whether it has a vigil or j5egins ;B 
not, begins in the evening of what vve would call the the even- 
preceding day, as among the Jews; and for the fame ing* 
reafon, beeaufe it is faid in the Mofaic account of the 
creation, that “ the evening and the morning were the 
firlt day.” The feveral fervices, according to the ori- 
ginal or monkifti inftitution, are, 1. ‘The vefpers, which 
ufed to be celebrated a little before fun-fet ; 2. The 
ter-vefpers, anlwering 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 mc- 

fonyefticon, or midnight fervice ; 4. The matins at break 
of day, anfwering to the laudes of the Romifii church ; 
5. The frjl hour of prayer, or prima, at fun-rife ; 6. 
The third hour, or tertia, at the third hour of the day ; 
7. TheJixth hour, ovfexta, at noon ; 8. The ninth hour, 
or nona, 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, wras, that David faith, 
“ Seven times a-day will i praife thee.’' When all the 
pfalms and hymns w'ere fung, thefe daily fervices could 
not poffibly have been performed in lefs than twelve or 
fourteen hours. In the church of Ruffia, and probably in- 
other branches of the Greek church, there arc at prefent 
but three fervices in the day: the ninth hour, the vefpers, 
and the after-vefpers making one ; the mefonyedicon, the 
matins, and prima, another ; and the third and fitctb 
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, almoft as often 
as to God ; and in fome of the fervices, after every 
ffiort prayer uttered by the deacon or the prieft, the 

x chom 
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C^«^'ch. cliou' chaunts <( Lord have mercy upon us,M thirty, 

—" forty, or fifty times, fuccefiively. 
Though the number of fervices is the fame every 

dav, the fervices themfelves are conftantly varying in 
fome particular or other, as there is not a day which, 

■ in the Greek church, is not either a fall or a feftival. 
Befides the faints, whofe feftivals are marked in the ca- 
lendar, and who arc 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&ion: Monday, to the angels; 
Tuefday, to St John Baptill; Wednefday, to the Virgin 
and the crofs; Thurfday, to the apoftles; Friday, to the 
paffion of Chrift ; and Saturday, to the faints and mar- 
tyrs. For thefe days there are 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 dire&ions contained in the book of regulation ; 
and it is the difficulty of this adjuftment which makes the 
public worfhip of the Greek church fo very intricate, 
that, as was faid of the lervice of the Englifti church be- 
fore the Reformation, “ there is more bufinefs to find out 
what fnould be read, than to read it when found out.” 

We have obferved, that the Greeks have no peculiar 
opinions refpe&ing 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- pneft goes to the houfe, and ufes a form of prayer for 
baptifm.j(er ancl for tjie Qn the eighth day the child 

fhould be regularly carried to the church, where the 
prieft having figned it with the fign of the crofs on the 
forehead, on the mouth, and on the breaft, 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 pidure 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 his 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 a^ain to be prefented, the perfon who is to be 
fponfor"being prefent. Upon their arrival at the church 
door, the prieft 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 fanftified and endued with underftanding, with 
wiidom, 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 
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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 
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 the church, 
faying, “ he {hall go into thine houfe, and fliall worfhip 
toward thy holy temple and advancing into the mid- 
dle of the church, he fays, “ In the midft of thy church 
{hall 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 (limit(is (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 fhe 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, muft be folemnly initiated into the church 
as a catechumen (See Catechumen, Encycl.) By 
thofe whofe religion is a reaionable 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 prieft unties the girdle 
of the infant; takes off all his clothes but one loofe gar- 
ment ; turns him towards the eaft, 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 breaft, 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. Fhe 
prieft then four times exorcifes the infant, commanding 
Satan, in the firft 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 laft 
exorcifm he blows thrice upon the child’s mouth, upon 
his forehead, and upon his breaft ; faying, each tinm* 
“ Drive away from him every evil and unclean fpir|t 

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 fhoes, and 
his hands lifted up, the prieft repeatedly alks him if he 
renounces and has renounced the Devil and all his woiks ? 
and receiving from the fponfor the proper anfwer, 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, alks him repeatedly if he 
be joined to Chrift, and if he believes in him ? Tl he ca- 
techumen or his fponfor replies to each queftipn, that 
he is, and has been, joined to Chrift ; and as a pi oof of 

his 

(d) We quote the words of Dr King. Is it poffible that in the Greek church Latin hymns are ufed, or that 
Greek hymns have Latin defignations ? 
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Olu'ck his faith he repeats, from beginning to end, the Nicene 

~ creed. After a repetition of the formerly repeated 
queftions and anfwers, the prieft prays that the cate- 
chumen may be called to God’s holy fan&ification, 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 firft 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 be-fan&ified, in terms differing little 
from thofe which are ufed in the molt refpeftable Pro- 
teftant churches, the prielt dips his fingers in it, figns 
it thrice with the lign of the crofs ; and then blowing 
upon it, fays three times, “ Let every adverfe power he 
Confounded under the fign of the crofs.” He then fo- 
lemnly exorcifes it of the dasmon 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 lult 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 alide all machi- 
nations of the devil, and for deliverance from all evil.” 
He then fings allelujah thrfee 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 fantfifieth every man that cometh in- 
to the world, now and forever, even unto ages of ages.” 
The perfon to be baptized is then prefented ; and the 
prielt, taking fome of the oil with two fingers, and ma- 
king the fign of the crofs on his forehead, on his breall, 
and betwixt his Ihoulders, 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 
figtis him on the bread and the middle of the back, 
laying, “ For the healing of his foul and body;” then 
on the ears, faying, “ For hearing the faith then 
on the palms of the hands, faying, “ Thy hands have 
made me and fafhioned me then 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 
call, he fays, “ N the fervant of God is baptized (dip- 
ping him the firji 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 32ft Pfalm; he then puts upon the baptized Church, 
perfon a white garment j faying, “ N the fervant of' v— 
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).” He then prays that he may be delivered from 
the evil one, and all his infidious Inares ; 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 Chrijm. 13 

This chrifm is a very different thing from the oilThe bap» 
with which he was anointed previous to baptifm, and 
which was ufed in the confecration of the baptifmalchnfrn* 
water. It can be prepared only by a bifhop, and only 
on one day in the year, niz. Thurfday in Paffion-week; 
and as the anointing with it is fubftituted in place of 
the apoftolical rite of laying on hands, called cotifirma- 
tion in the weilern churches, great quantities of it are 
of courfe prepared at once, and diftributed through the 
different churches of each diocefe. The chrifm confifts 
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, ftyrax calamita (f), palm-dew, 
role-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 lavendar, oil of rofe- 
mary, effence of rofemary, cedar, black balfam of Pe- 
ru, fandarac, whiteft 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 faying at each part, 
“ The feal of the gift of the. Holy Ghoft. Amen.” 
Ti hen 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 pertormed, 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, fprinkling him, fays, 
“ Thou haft been juftified, enlightened, fandftified in 
the name of our Lord Jefus Chrift, and with the Spirit 
of our God.” hen taking a new fponge moiftened 
with water, he wafhes his face, breaft, &c.; faying, 
“ Thou haft been baptized, enlightened, anointed, fanc- 
tified, waftied, 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 ofThemn- 
the tonfure, or (having the head of the child in the Cure, 
form of the crofs. At what time this rite crept into 
the church it would not be eafy to difeover. Some 
think it received its origin from the religious ceremo- 
nies of the Heathen, who certainly rounded the corners 

3 I of 

ih/Eh Tlie 7ifer W-U Perceiye’ th?t ma
r
ny the^e r^tes anc* ceremonies are common to the Greek church and the church of Rome in the celebration of the facrament of baptifm church and 
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CHifth. of their heads, and marred their beards, at a very early 

period, in honour of their idols (See Theology, n 
icq. Encycl,) ; and fome pious, but foohih Chnitians, 
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 coniidered as a mark of fervitude. 
Be thefe conjectures as they may, the pneft, after the 
child is baptized, offers up for him feveral prayers, all 
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hair crofswife, faying, “ N the fervant of God is fhorn, down tl . / ^ , n- i j c ~^A rtroiente 
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.” . , . , 

We have given a full account of the manner in which 
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 Proteflants 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- 

TheGreeksfrees. For the celebration of the Lord’s Supper they 
have three have three liturgies that are occafionally ufed, viz. that   of St Chryfoftom, which is in ordinary daily ufe; that 

of St Bafil, ufed on particular days ; and that of the 
prefanftified, as it is called, which is ufed on the Wed- 
nefdays and Fridays during the great fall before Eafter. 
Between the liturgies of St Chryioftom and St Balil 
there is no effential difference; and the office of the pre- 
fandfified is merely a form of difpenfrng the communion 
with elements which had been confecrated on the pre- ~ -w-tt 1 J  31 1 ifnvrYtr n 

commu 
nion-offi 
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clare his generation?” Fie then thrufls the fpear o- 
bliquely into the loaf, lifting it up, and faying, “ For 
his life was taken away from the earth.” 
he lays down the loaf, and cutting it crofswife, fays, 
“ The Lamb of God, which taketh away the fins of 
the world, is flain for the life and falvation of the world.- 

All this, and more to the fame purpofe, is unqueflion- 
ably modern; but we have no doubt but that the prieft 
ufes the words of Chryfoftom himfelf, when, in the 
confecration of the elements, he fays, “ We offer unto The confe. 
thee this reafonable, this unbloody facrifice ; and we cration of 

’ e, we pray thee, we humbly befeech thee, to fend ^n
e
ts

e" 
uuwij 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.” . . . f . 

Dr King obferves, that this invocation ot the hioly 
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 
Popiffi 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 mafs, 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 fenfible part ; but the inward invihble 
effett 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- with elements which had been confecrated on t e pre- o y j r onre^ratjon are pronoUnced by the prieft 

sassa nwiKaEKfwi 
have given of the form of adminiftering baptiim ; but 
as our limits will not permit us to do fo, we mu ft refer 
iuch of our readers as have any curiofity refpecting 
fubje&s of this nature to Dr King's Rites 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 his 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, 

Strange ce- corrupted. In the offertory there is a ftrange ceremo- 
retnon y at ny, called the flaying of the Holy when the prhft, 
the offer- ^kino- 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 flaugh- 
ter ;”’then into the left fide, adding, “ And as ablame- 
iefs lamb before his fhearers is dumb, fo he openeth not 
his mouth then into the upper part of the loaf; fay- 
ing, “ In his humiliation his judgment was taken away, 
and into the lower part ; adding, “ And who fhall de- 
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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 pneft » 
pronouncing over them the all powerful words of Chntt. 
Yet is it certain, that in the prefent Greek church Iran- 
fubftantiation is as much an article of faith as in the 
church of Rome ; for now every biflrop at his conie- 
cration declares, in the moft folemn manner, that he be- 18 
lieves and “ underftands that the tranfubftantiation ofTranfu^ 
the body and blood of Chrift, in the holy fupper, 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 
body of thy Chrift, &c.” This is indeed a different ac- 
count from that gf the Latin church of the time at 
which this portentous change is wrought; but fuch dif- 
ference is a matter of very little importance (g). L 
the change itfelf be admitted, the confequence muft be 
the fame, whether it be fuppofed to take place when the 

(g) Mr Bruce fcems ,o doubt Whether tn.nfubftantat.on be the e fhjte never bet.ed Z the 
a converfation which he had on the fubjeft w.th a pneft ; who fokmnly affirmed, that he muft 
converfion of the fubftance of the bread and wane .nto the fubftance of our ^™u”n

bc,d
t>h “^Line not to be 

be remembered, however, that the pneft had at the t.me a powerful " “r
orXce

g. iSugh it muft not be 
true. The Jefuits uniformly atteft, that the Abyflinians believe i „ ,p , , ’ e Abyffinia more 
forgotten that Ludolf was of a different opinion, and that no man h S S 
fuccefsfully than he. 
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Church, the prieft pronounces the words of jnftitutlon, or after 
—-v”"" he has invoked the defcent of the Holy Ghofl ; in ei- 

ther cafe it leads to idolatry. It may be proper to men- 
tion, that in the Greek church it is deemed elfential 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 anfwers to the cor- 
porate of the church of Rome, be confecrated by a bi- 
Ihop, and that it have fome fmall particles of the re- 

both liques of a martyr mixed in the web, otherwife the eu- 
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 Top- 
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 confejjion; 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 fin itfelf. The Greek 
church prefcribes confeflion four times in the year to 
all her members ; but the laity, for the molt part, con- 
fels only once a year previous to receiving the holy com- 
munion ; and to this they are in Rufiia obliged by the 
laws of the empire. 

The ceremonies with which matrimony is performed 
in the Greek church confift of three diftind 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 ffill alluded 19 in the rubric, though, in the prefent 
practice, 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 ffiould refufe to ratify the engage- 
ment. At this ceremony, called the or record- 
ing of the pledges before nvitneffes, 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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nage, is called the office of matrimonial coronation, from Chu'ch. 
a fingular circumftance in it, that of crowning the par- 'V*'—1 

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 flmibs ; 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, is crowned for the fervant of God, 
in the name of the Father, and of the Son, 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 conduced 
to the bridegroom’s houfe, immediately to enter on the 
cares of his family. 

With refpeft to difeipline and government, the Greek V,r 
church bears a ftriking refemblance to that of Rome.andfecular 
In both there is the fame divifion of the clergy into clergy, 
regular and fecular; the fame fpiritual jurifdidUon of 
bilhops 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 R.omans. All orders 
of fecular clergy in the Greek church inferior to bilhops 
are permitted to marry ; but celibacy, and the affump- 
tion of the monaftic habits, are indifpenfably requilitc 
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 
appear that the ordination of the reader, or of the fub- 
deacon, is confidered as a facrament. The forms ufed 
in the ordination of deacons, prelbyters, and bifliops, 
are ferious and fignificant (h), bearing in themfelves 
evidence of great antiquity. The candidate for the 
deaconate or priefthood kneels before the holv table, 
and the biffiop, laying his right hand on his head, faith, 
“ The divine grace, which healeth our infirmities, and Form of 
fupplieth our defefts, promoteth N, the moft piousordination. 
deacon, to the order of deacon or, in the cafe of the 
priefthood, “ The moft pious deacon to the order of a 
prefbyter ; 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 Gr^ek church the attending prelbyters lay on their 
hands together with the bifhop at the ordination of a 

3 I 2 prelbyter. 

(h) We muft except thofe ufed in the church of Abyfiinia, which, according to Mr Bruce, are fhamefully in- 
decent. “ A number of men and children prefent themfelves at a diftance, and there Hand, from humility, not 
daring to approach the aluna or biffiop. He then alks 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 (favs our author) all the army of Eegem- 
der made deacons, juft returned from ffiedding the blood of 10,000 men. 'With thofe were mingled about 1000 
women, who confequently having part of the fame blaft and brandilhment 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 Abyffiman, and he is always a fo- 
reigner, fubordinate in his jurifdidtion to the patriarch of Alexandria. 
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prefbyter, as is pra&ifed in the church of England ; but 
' feveral bilhops 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 hieromonachus, i. e. an abbot or chief monk in 
fome monaftery, being named to the vacant fee, and 
the election 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 (i) and proto-deacon to the archbilhop and 
bilhops, who are arranged in proper order on a tempo- 
rary theatre or platform erefted in the church for the 
occalion. 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 ftrenuoufly all innovations and he- 
refies, particularly the errors of the Latin church. This 
being done, the archbilhop fays, “ The grace of the 
Holy Spirit, through my humility, exalts thee N. archi- 
mandrite or hieromonachus, beloved of God, to be 
bifltop of the cities N. N. which God preferve.” With 
much ceremony the bilhop eleft is then condufted from 
the theatre, within the rails of the htdy altar, where he 
kneels down with the other bilhops, who hold open 
over his head the holy gofpel 'with the letters inverted, 
the archbilhop faying aloud, “ The divine grace, which 
always healeth our infirmities, and fupplieth our defe&s, 
by my hand condu&eth thee N. archimandrite or hiero- 
monachus, beloved of God, bilhop eleft of the cities of 
N. N. which God preferve !—Let us pray therefore 
for him, that the Grace of the moll Holy Spirit may 
come upon him.” Then the priefts fay thrice, “ Lord 
have mercy upon us and while the bilhops continue 
to hold the gofpel, the archbilhop figns the newly con- 
fecrated bilhop thrice with the fign of the crofs, faying, 
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The laft facrament of the Greek church is that of Churcbu 

the holy oil or euchelaion, which is not confined to per- 
fons periculofe agrotantibus, et mortis periculo imminente, 
like the extreme undtion of the Romilh 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 neceflary to falvation, or obligatory upon all 
Chridians ; and it is well that it is not, for feven prieds 
are required to adminider it regularly, and it cannot be 
adminidered at all by lefs than three. The oil is con- 
fecrated with much folemnity ; after which each pried, 
in his turn, takes a twig, and dipping it in the oil now 
made holy, anoints the lick perfon crofs-wife, on the 
forehead, on the nodnls, 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 Chrifl. 

In the Greek, as well as in the Latin church, there The kvipe- 
is a fervice, called the divine lamipedium, obferved on the'1U 

Thurfday, of paffion-week, in imitation of our Saviour’s 
humility. At Condantinople Jefus Lhrid is, on this 
occafion, perfonified by the Patriarch, and everywhere 
elfe by the bilhop of the diocefe, and the twelve apodles 
by twelve regular prieds, when a ludicrous conted arifes 
who lhall reprefent Judas ; for the name attaches for 
life. This office is perfdVmed at the wed end of the 
church, where an arm-chair is fet at the bottom, facing 
the ead, for the bilhop ; and on each fide are placed 
twelve chairs for the twelve prieds, who are to repre- 
fent the twelve apodles. The prayers and hymns ufed 
on this occafion are exceedingly beautiful and appro- 

a6 

priate; and when the firfi gofpel, relating our Saviour’s 
walhing of his difciples feet, begins to be read, the 
bilhop or patriarch rifes up, and takes off his pontifical 
vedments by himfelf without affidance. He then girds 
himfelf with a towel, and taking a bafon of water in 

lecratea oiinop tnncc wun me ugu ui me eiuio, his hand, kneels down and wadies one foot of each 
“ In the name of the Father, and of the Son, and of the pried, beginning with the younged ; and after having 
Holy Ghod, now and for ever, even unto ages of ages, waflied it he kiffes it. All this is done as tne feverat 
Amen.” Then all the bilhops putting their right hands circumdances are read ; and when he comes to the a 
on his head, the archbilhop prays that he may be con- pried, who is

r
fuPPofed

T
to 

firmed in the office of which they have judged him rffeth up and faith, ‘‘Lord, dod thou walh my feet^ 
worthy, that his priedhood 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 affiding 
bilhops reads a fhort litany in a low voice, to be heard 
only by thofe within the altar, and the other bilhops 
make the refponfes. At the end of the litany the arch- 
bilhop, laying his hand again upon the head of the new- 
ly confecrated bilhop, prays in very decent and devout 
terms, that Chrid will render him an imitator of himfelf. 

&c. The bilhop anfwers in the wwds of our Saviour ; 
and having finilhed 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, mud be affe&ing. > . 

Under the word Patriarchs, Awcyc/. we have gi-The privii- 
ven a Efficient account of the rife of the patriarchates,16^0™ 

terms, that unrut win render mm an imuacor ui mimtu, as well as of the various degiees of rank and authouty of Conftatt. 
the true Shepherd ; that he will make him a leader of claimed by the bifhops of feveral other fees in the Greek tmopie. 
the blind, a light to thofe who walk in darknefs, and a chuch. It may be_ proper to add here, that alter, the 
teacher of infants ; that he may Ihine in the world, and taking of Condantinop e 7 0 ^mrn‘; ’ e co 1 

receive at lad the great reward prepared for thofe who nued to the patriate o t at city e ame preen 
contend boldly for the preaching of the gofpel. After which the GreeK emperors a een accu °ine ” 
this the padoral-daff is delivered to the new bilhop, make—a padoral daff, a white horfe, and four hundred 
with a very proper and lolemn exhortation from the ducats in gold. To the Gr^e ^ ulc an e m 

archbifhop, to feed the flock of Chrid committed to his tenance of its clergy he left indeed ample .reve1^’ 
€are> which they have gradually faenficed to thar incondan. cy» 

(1) In the Greek church all parifh priefls are called papas or popes ; and the proto-pope ifr an archprefbyter, 
(k) The firff gofpel is John xiii. 3—12. The fecond gofpel is John xiii. 12-—18. 
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cy, tHeir ambition, and their private jealoufy. Still, 
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 Mr Dallaway), he enjoys a molt extenfive 
jurifdiftion,cotnpnfii)g the churchesof Anatolia, Greece, 
Wallachia, Moldavia, and the iflands of the Archipelago. 
Since the clofe of the fixteench century, the Ruffian 
church has claimed a jurifdidlion 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 can, in fa6f, command the 
death, the exile, imprifonment for life, depofition from 
offices, or pecuniary fine, of any Greek whom he may 
be inclined to puniffi with rigour, or who has treated his 
authority with contempt. On the death of the patri- 
arch the moft 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 worffiip of the Greek church 
at prefent, we refer the reader to King’s Rites and Ce- 
remonies of the Greek Church in Ruffia, and to Dalla- 
nvay’s Conjlanlinople ancient and modern (publifhed in 
1797); from which two works this abftraft has been 
moftly taken. 

CHUSAN-Islands, a clufter of fmall iflands on the 
eaft coft of China, which were vifited by Lord Macart- 
ney in his courfe to Pekin. Moft of thefe iflands feem 
to be hills rifing regularly out of the fea, and rounded 
at top, as if any points or angles exifting in their ori- 
ginal formation had been gradually worn off into a 
globular and uniform lhape. Many of them, though 
clofe to each other, are divided by channels of great 
depth. Phey reft upon a foundation of grey or red 
granite, fome part refembling porphyry, except in 
laardnefs. 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 ; but ffiould 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 afpefi; ; 
one in particular, called Poo-too, is defcribed as a per- 
fe£t paradife. Phis 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, 
poffefs 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. 

The Engliffi Eaft India Company had once a fadfory 
at Chufan, the principal of thefe iflands, from which 
they were many years ago interdiaed. This, accord- 
ing to the account of a Chinefe merchant who remem- 
bered the faaory, was not occafioned by any offence 
given by the Engliffi, but by the avarice of the officers 
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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 in the unreftrained communication 
between foreigners and the fubjefts 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 interfedled, by canals, over which are thrown fteep 
bridges, aicended by fteps like the Rialto. The ftreets 
are narrow, and paved with fquare flat ftones ; but the 
houfes, unlike the Venetian buildings, are low and moft- 
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 (hops, 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 fifh in tubs of water, with eels in 
fand. When the gentlemen belonging to the embaffy 
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 fuperftition in the people. Super- 
ftition, however, made them not idle ; for throughout 
the whole place there was a quick and adlive induftry. 
Men paffed bufily through the ftreets, while not an in- 
dividual was feen afking alms ; and the women were 
employed in the ffiops. At Chufan, the number of 
valuable harbours, or places of pCrfedl fecurit /• for fhips 
of any burden, isalmoft equal to the number of iflands. 
This advantage, together with that of their central fi- 
tuation, in refpecl to the eaftern coft of China, and the 
vicinity of Corea, Japan, Leoo keoo, and Formofa, at- 
tract confiderable commerce, efpecially to Ning:poo, a 
city of great trade in the adjoining province of Che-chi- 
ang, to which all the Chufan iflands are annexed. From 
one port in that province twelve, veffels fail annually for 
copper to Japan. 

ccording to Brookes, Chufan is. in N. Lat. 30. O.. 
1E. Long. 1 24. o. 
INARA, or Cynara, which we translate arti- 

>, according to Profeffor 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 he 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 be abfolutely conclufive. 
We mult therefore refer the reader to his Hiftory of 
Inventions, The cinara, carduus., kwH fcolymus (fee 
Scolymus in this Supplement), were in his opinion, 
fpecies of the thijlle, of which the roots and young 

Jhoots,' as 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 ffioots 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 irr. 
the courfe of time laid afide and forgotten, andthat the. 

srti*, 

Chufzn, 
Cinara. 
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■ cinr abar artJchike, wlirn it was firft brought to Italy From the tangents of the adjacent parts, and to the reftangle un. 

“ J^evant, was confidered as a new i'pecies of food. It is der the cofines of the oppohte parts. 1 he right angle 
^undoubtedly certain that our artichoke was firft known or quadrantal fide ^being negle&ed 
in that country in the 15th century. Hermolaus Bar- 

died in 14Q4-, relates that this plant was 

Circular 
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barus, who died in I494> 
firft feen at Venice in a garden in 1473, at which time 
it was very fcarce. 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 
defcribes the diihes 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 wild in Narbonne, Italy, 

-and Sicily, as the cardoon did in Crete ; but our au- 
thor has "proved very fufficiently, that with refpeft to 
both thefe fafts the great botanift was mifinformed. 
The artichoke is certainly known in Perfia ; but Ta- 
vernier fays exprefsly, that it was carried thither, like 
^ifparagus 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, 
91. 

CIRCLE of Curvature, or circle of eqmcurva- 
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, £«- 
cycl. n° 253. 

Circle Equant, in the Ptolemaic aftronomy, is a 
circle defcribed 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 10 degrees. ^ 

Circles of Pofition, are circles palling through the 
common interfeAions 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 equinodbal 
into 12 equal parts, which the aftrologers call the celef 
Ual houfes, and hence they are fometimes called circles 
of the celejlial 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, NapiePs circular parts, are the five parts 
of a right-angled or a quadrantal fpherical 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 Defcriptio, which 
is this ; “ The rectangle under the radius and the fine 
of the middle part is equal to the redangle under the 

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 oppolite 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 compreheniive 
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 deviled by Lord 
Buchan and Ur Minto, wdiich may be thus exprefied : 
“ Of the circular parts of an oblique fpherical triangle, 
the redangle 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 redangle 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 thele fix being af- 
fumed as a middle part, the oppofite parts are thoic 
two of the fame denomination with it, that is, if the 
middle part is one of the lules, the oppofite parts are 
the other tw'o, 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 defcribed on the furface of 
a fphere of an infinite radius, thefe two rules may be 
applied to plane triangles, provided the middle part be 
reftrided to a fide. 

Thus it appears that two fimple rules fuffice for the 
folution of all the pofiible cafes of plane and fpherical 
triangles. Thefe rules, from their neatnefs, and the 
manner in which they are exprelled, 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 
feientific principles of clock and atch-making, as well 
as for a fhort account of the moft valuable conftrudion^p 
fee "WkTCH-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 dif- 
graceful to ride in them. At that period, when the 
eledors and princes did not choofe to be prefent at the 
meetings of the ftates, they excufed themfelves by in- 
forming the emperor that their h#alth did not permit 

Coach 
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Coseb. them to ride on horfeback ; and it was confidered as a 
"-y—1 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, coft, together 
■with the harnefs, 38,000 florins. The coaches ufed by 
that Emperor are thus defcribed 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 
feftivals 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 ambafladors appeared in coaches on a public 
folemnity was at the imperial commiffion held at Er- 
furth in 1613 refpedting 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 princelfes, together with 
the principal ladies, fometimes on afies. Perfons of the 
firft rank often fat behind their equerry, and the horfe 
was often led by fervants. Carriages, however, of fome 
kind appear to have been ufed very early in France. 
An ordinance of Philip the Fair, iffued in j 294 for fup- 
preffing luxury, and in which the citizens wives are for- 
bid to ufe carriages [cars), 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 11. 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 unfafliron- 
able, when that monarch’s queen, Ann, the daughter of 
the Emperor Charles IV. {hewed the Englifli ladies how. 

- gracefully and conveniently fhe could ride on a iide- 
iaddle. 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 FitZr 
alien, earl of Arundel. In the year 1598, when the 
Englifli 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. 

Refpe&ing the progrefs of luxury with regard to 
coaches, the reader will find qouch curious information 

in the firft volume of Profefibr Beckmann’s Hi/lory of Cobalt. ^ 
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 afcertain 
the country in which coaches hung on fprings were firft 
ufed ; but he feerts inclined to give the credit of the 
invention to Hungary. -• 

COBALT (fee Chemistry-Zh^.v, 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 [xajfera) ; or it is 
melted with filiceous earth and potafhes to a kind of 
blue glafs called frnalt, 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 bell 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 itones, 
and for painting and varpifhing real porcelain and earth- 
en and potters ware. This colour is indifpenfably ne- 
ceflary to the painter when he is defirous of imitating 
the fine azure colour of many butterflies and other na- 
tural obje&s; and the cheaper kind is employed to give 
a blueifh tinge to new-wafhed linen, which fo readily 
changes to a difagreeable yellow, though- not without 
injury to the health as well as to the linen. 

Profeflbr Beckmann, in his H\flory_of 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, difcovev- 
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 arfenicai 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 16th cen- 
tury ; and Mathelius and Agricola feem to have firfi 
ufed it in their writings. Frifch derives it from the 
Bohemian word kow, which fignifies metal; but the- 
conje&ure that it was formed from cobalus, which was 
the name of a fpirit that, according to the fuperftitious 
notions of the times, haunted mines, deftroyed the la- 
bours of the miners, and often gave them a great deal- 
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 lololts and fpirits.. 

“ Refpe&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 refpedling the upper diftrid of the mines 
in Mifnia, and a clergyman-at Scheibenberg, colle&ed ' 
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Cobalt, with great diligence every information that refpefted 
 the hiftory 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 eircumftance as 
follows : ‘ Chriftopher Schurer, a glafs-maker at Flat- 
ten, a place which belongs ftill to Bohemia, retired to 
Neudeck, where he eftablifhed his bufinefs. Being once 
at Schneeberg, he colledted 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 merchandife 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 he again returned to his former refidence, 
where he conftru&ed a handmill to grind his glafs, and 
afterwards erected one driven by water. At that pe- 
riod the colour was worth 7! dollars per cwt. and in Hol- 
land from 50 to 60 florins. Eight colour mills of the 
fame kind, for which roafted cobalt was procured in calks 
from Schneeberg, were foon conftrufted in Holland; and 
it appears that the Dutch muft have been much better 
acquainted with the art of preparing, and particularly 
with that of grinding it, 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 roafting contained more colour than the 
roafted cobalt itfelf. In a little time more colour-mills 
were eretted around Schneeberg. Hans Burghard, a 
merchant and chamberlain of Schneeberg, built one, by 
which the eleven mills at Flatten 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 had been em- 
ployed for ten years in the colour-manufadlory. He 
retired to Annaberg, eftabhlhed there in ibqq, by the 
affiftance of a merchant at Leipfic, 4 colour-manufa&o- 
ry, of which he was appointed the dire£lor; and by thefe 
means rendered the Annaberg cobalt of utility. The 
confumption of this article, however, muft have decrea- 
fed in the courfe of time ; for in tile year 1659, when 

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 alhes. We truft, 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 Cornwah 

COFFEA, the CoFFRR-Tree, is a plant which has Ctiftea, 
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 publiflied, two works 
have fallen into our hands, from which we deem it our 
duty to make fuch extrafts 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 Weft India iflands. We are hap_py to find that 
this is a vulgar error. In the year 1783, when the cul- 
tivation of coffee was not fo well underitood in Jamaica 
as at prefent, fome famples from that ifland were pro- 
duced in London, and pronounced by the dealers to be 
equal to the very beft brought from the Eaft. “ Two 
of the famples were equal to the beft 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 (hillings 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 * Mofdeyt 

If this be fo, it furely becomes the legiflature 'Treaty's on 
Great Britain to encourage the cultivation of coffee in r-°ffee- 
the Weft Indies, efpecially as it thrives beft 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 flock 
a fugar plantation. The encouraging every article which 
inertafes the intercourfe with our colonies is increafing 
our commerce. The payment for all the ftaples of the 
Weft Indies is made in our manufactures; the tale or 
which muft increafe in proportion to the numbers that 
are employed in the cultivation of what is bartered for 
them. Our Weft India iflands, without draining us of 
fpecie or bullion, can fupply us with many ot thofe ve- 
ry articles for which we are drained in other parts oi 
the world, and particularly with coffee. 

To give a detaded account of the introduction of the 
coffee-tree into the Weft Indies, would fwell this article 
to very little purpofe. According to Boer-haave, a 
Dutch governor was the firft perfon who procured trefh 
berries from Mocha, and planted them in Batavia ; and 
in the year .1690 fent a plant from thence to Amfter- 
dam, which came to maturity, and produced thqfe ber- 
ries which have fxnce furnifhed all that is now cultiva- 
ted in the Weft Indies. 

In 1714a plant from the garden of Amfterdam was 
fent by Mr Pancras, a burgomafler and dire&or 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 I72l» the 
French began to cultivate it at Cayenne; in 1727, at 
Martinico; and in 1728, the Englifh 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 
pra£lice of the French planters. Accordingly Dr La- 
borie, a royalift of St Domingo, has lately publifhed a 
volume for their inftrudtion on this fubje£t; in which 

are 

% 



C O F 
Coffija- arc many judicious obfervations, the rcfult of long expe 

rience, refpefting the foil fit for a coffee plantation ; 
the various ellablifhments neceflary ; the cultivation of 
the colfee-tree through the feveral ftages of its growth 
and duration ; and the management and ufe of the ne- 
groes and cattle. 

With refpedl to foil, it is a faft, fays he, beyond con- 
tradi&ion, 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 deftrudfive 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 foftefl and mofl friable earth is preferable to 
all others; but in fteep grounds a firm though not clayey 
foil, mixed with a proportion of gravel or fmall ftones, 
through which the water may find an eafy way, is the 
moft definable. 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- 
tuations, 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 loweft 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 vidluals from fome contiguous plan- 
tation, fix, or at the moft twelve, male negroes, with 
one or two women, will be found fuflicient to make the 
fiiil effay. After building two huts, one for the mafter 
or overfeer and the other for the flaves, they are to com- 
mence their operations by cutting away the underwood 
and creeping plants with the bill, and felling the trees. 
I he trees are to be cut as low as pofiible, but the roots 
are to be left in the ground, becaufe they preferve the 
ioil during the firft period of culture ; and in burning 
this mafs of wood and ftirubs, 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 
foil be clayey. Amid the coffee-trees, after they are 
planted, may be fown beans, maize, and all kinds of ef- 
^ulent 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- 
mg the coffee-tree is in ftraight rows crofting each other 
at right angles, and the dillance 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. 
!r on the north and weft the ground be good, plant ftill 
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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 fitua- 
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 fituation fitted for a nurfery is a plain, or 
at leaft 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 off the 
ftcin, and wafhing the feparated feeds; in which we fufpedl 
that he is miftaken, as his praftice is certainly a devia- 
tion from nature. The nurfery muft be kept very clear 
of weeds, and neither corn nor any thing elfe fown 
fn it. 

. 1 he beft feafon for tranfplanting the faplings is du- 
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 fitteft 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 perfedlion 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 fiat, {harp, 
iron {hovel, thruft deep under their roots; and the foon- 
er they are planted, after being taken up, the better. 
, In planting, 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 dep^h. 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 
flraight 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 preffed down with both hands, more earth 
is thrown in and preffed in the fame manner, care beinK 
taken not to hurt, or bend, or difplace the faplinir, 
which muft be fet fo deep that its two inferior branches 
be rather below the level of the ground. Oa 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 (hade and coolnefs. They are ufualiy placed in 
every fourth or fixth row, as the trees are more or lefs 
dutant, 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 Hopes much, efpecially if the foil be foft 
and triable the weeds muft be taken up by the hand ; 
for if they be rooted out by the hoe, the foil will be fo 
loosened that the rains will fweep it away. Some 

3 K weed?} 

Coffea, 



c O F [ 442 
Coffea weeds, however, from the depth of their roots muft he 

—  ’du* up ; and when that Is the cafe the earth muft be 
carefully returned and preffed down. If, m weeding, 
any faplings be found withered, others of the fame 
fize muft be brought from the nurfery and planted in 
their ftead, with what our author calls their clod, 1. e. 
with the earth of the* nurfery adhering to their roots. 
If any fapling be found broken or twilled, it muft be 
cut clofe by the ground in a (loping direction, the cut 
furface facing the north, and it will foon put forth fuck- 
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 mint 
therefore be inftantly removed or the tree will penfh. 
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 Hug. In that cafe the tree muft be remo- 
ved, the worm taken out, and before another tree be 
planted in its ftead, a large hole muft be made in the 
ground, expofed to the influence of the fun at leaft for 
a fortnight. ‘ . r 

The natural height of the coffee tree is from 15 to 
13 feet ; and if left to itfelf it would have the form of 
moft other trees, i. e. a naked trunk and a branchy head. 
This is prevented by what the planters c<A\ 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 moft 
genial expofure, it is fuffered to grow to the height of 
five feet, and in the worft Hopped at two ; but under the 
fame afpeft, 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 inac- 
ceffible to the genial warmth of the fun, and, of courle, 
deficient in the powers of frudiflcation. Ihefe muft 
be plucked away while yet tender ; for if they be fuffer- 
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 
fooil ; fuperfluous branches may have been left upon 
them through negleft ; 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 Ihould be performed immediately af- 
ter crop, and in fuch a manner as that the tree, when 
k puts forth its new branches, may Hill have as much 
as poffible its natural or former appearance. This will 
be accompliftied 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 (hape. Our author direfts the cut to be always 
made fo as that the (loping furface (hall face the north ; 
by which expofure it will efcape the injury which it 
would otherwife receive from the exceffive heat of the 
fun. This is a good advice ; but it would dill be an 
improvement on it to treat the wound with Fortyth s 
or Hit’s plafter, which we have defc.ibed elfewhere 
(See Encycl. Vol. XVIII. page 562). When the tree 
is completely pruned, the mofs and other excrefcences 
muft be fcraped from the trunk with a wooden knife, 
great care being taken not to injure the bark. 
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After pruning follows what is called nipping. This ^ 

is nothing more than the removal of thofe fuperfluous 
fmall twigs which are fent forth from every cut furface 
in fuch numbers as would loon exhauft the tree $ and 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 impoverifluid, it 
muft be enriched by proper manure. This is known 
to every hu(bandinan both in Europe and in the Weft 
Indies ; but it is not perhaps fo generally known that 
the weedings, and chiefly the red (kins of coffee, when 
gathered into pits, are, in procefs of time, converted 
into a black mould, which our author fays makes the 
very bed manure. 

“ The fruit of the coffee, when perfectly ripe, ap- 
pears like a fmall oval cherry. Under a red and (hining 
flcin a whitifh clammy lufcious pulp prefents itfelf, 
which generally ii*clofes two feeds. Fhefe feeds^ have 
one fide flat, the other hemifpherical. The firft is 
marked with a longitudinal fiffure, and the flat Tides are 
applied to each other. When the feeds are opened, 
they are found covered with a white, ligneous, brittle, 
membrane, denominated parchment; on the mfide 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 feeder grain, 
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.” „ „ • , • .1 

The bufmefs of preparation confifts in taxing the 
feed from its covering, in drying, and in cleaning it o 
as to have every advantage at market. Our author 
thinks that the bed method of preparing the coffee is 
to drip the feed of its outer (kin immediately on its be- 
ing 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 botanift , well ac- * 
quain.ed with all the vegetable produftics of the WelUr,^. 
Indies, to fay, that the improvement which we have 
there mentioned, as propofed by Mr Miller, is greatly 
preferable to Dr LaborieVpracftice. Indeed he him- 
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 “ 1 
a planter wants to have coffee of the firft quality, either 
for himfelf 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 e icves, 
that the Arabians in Yemen make their little harveits 
and he declares, that coffee thus nouriftied on the tree 
to the ball moment, muft have every perfeaion of which 
it is capable.” His only plaufible obje&ion 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 poi* 
feffes a. great portion, of mildly bitter and lightly ai.rm- 
gent gummous and refinous extraA.; a confiderab.c 
quantity of oil; a fixed fait; and a volatile fait.--! hde 
are its medicinal couftituent principles. The intention 
of torrefaftion is not only to make it deliver thole prin- 
ciples, and make them foluble in water, but to g^e 1 
a property it does not poffefs in the natural llate of 1 Q 

berry: By the aftion of fire, its leguminous tafte and 
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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 empyretimatic. — From thence arifes the pun- 
gent fmell, and exhilarating flavour, not found in its na- 
tural Hate. • 

The roafting of the berry to a proper degree requires 
great nicety : Du Four juftly 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 affured by the belt judges, that there were 
only two people in that great city, in the public way, 
who underltood 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 tafte, its 
virtues will be deftroyed, and in ufe it will heat the body, 
and aft as an altringent. 

Fourteen pounds weight of raw coffee is generally 
reduced, at the public reading houfes in London, to 
eleven pounds by the roalting ; tor which the dealer 
pays feven pence half-penny, at the rate of five Ihillings 
for every hundred weight. In Paris, the fame quan- 
tity is reduced to ten pounds and an half. But the 
roalting ought to be regulated by the age and quality 
of the coffee, and by nicer rules than the appearance of 
the fumes, and fuch as are ufually praftiied : therefore 
the reduction muff confequently vary, and no exaft 
ftandard can be afeertained. Befides, 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 effefted no 
way fo well as by people who have it roafted in their 
ewn houfes, to their own tafte, and frefh as they want 
it for ufe. The clufer it is confined at the time of roaft- 
fng, 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 heft materials will be 
ufelefs, unlefs the following important admonition is 
ftriftly attended to ; which is, that after the liquor is 
made, it fhould 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 fubftauce of 
the coffee. 

There is fcarcely any vegetable infufion or decoftion 
whofe effefts differ from its grofs origin more than that 
of which we are fpeaking. Coffee taken in fubftance 
caufes oppreffion at the itornach, 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-fting to the palate, muft tend 
to produce the fame indifpofifions. The reliduum of 
the roafted berry, after its virtues are extrafted 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 

’ 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 ft 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 necef- 
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 hot 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, not exclufively produftive of thofe in- 
conveniences, habits, and difeafes, for which its pecu- 
liar properties feem moft applicable—let thofe proper- 
ties be duly conlidered ; and let us refleft 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 effefts might be expefted 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 furround- 
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 refpefts erroneous. The following 
account of it was fent to us by an obliging correfpon- 
dent, 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 Ciuinulodutiutn, from which 
word Colonia, both the town and the river Colne re- 
ceived their names. The Saxons called it Colneceqfler. 
That it flouriftied under the Romans, feveral buildings 
full of their bricks, and innumerable quantities of coin 
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(a) It is not to coffee alone that this refleftion is confined ; every article we ufe as a diluter demands the 
fame attention. Malt liquors, particularly fmall beer, which in this refpeft is much neglefted, 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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dup up in and about it, fully evince, jn the year I7^3» 
a curious teffellated or mofaic pavement was found in 
the garden of the late Mr Barnard, furgeon 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 diftrift under the Romans. She is faid to have 
found out the crofs of Cbrill 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 bate palling through the crofs. 

The walls wherewith the town was encompafied are 
Hill tolerably entire on the fouth, eaft, and weft fides, 
but much decayed on the north ftde : they are general- 
ly about nine feet thick. By a ftatute of King Henry 
VIII. this town was made the fee of a fuT.agan bifhop. 

This town is the moll noted in England for making 
of baize ; it is alfo of fpecial note for candying the erin- 
go roots, and for oyfters. 

In the conclufion of the civil war 1648, this towm 
fullered a fevere fitge of ten weeks ; and the belieged 
making a very refolute defence, the liege was turned 
into a blockade, wherein the garrifon and inhabitants 
fuffered 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 caftle walls in cold blood. Col- 
chellcr 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 furpnling, curious, and beautiful 
piece of Gothic architedlure, great numbers of perfons 
coming from remote parts to fee it. It was built, to- 
gether with the abbey, in icp7» nnd Gudo, Reward to 
King William Rufus, laid the firft Hone. 

St Ann’s chapel, Handing at the eaft end of the 
town, is valuable in the elleem of antiquarians as a 
building of great note in the early days of Chriftianity, 
and made no fmall figure in hiilory many centuries pail. 
It is now pretty entire. 

St Botoph’s priory was founded by Ernulphus in 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 l airfax. T. he rums Hill exhibit a 
beautiful Iketch of ancient mafonry, much admired by 
the lovers of antiquities. The caftle is ftill pretty en- 
tire, and is a magnificent ftrutture, 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. Colchefter is 51 miles from London. It 
had 16 parifh churches, in and out of the walls, but 
now only 12 are ufed, the r?ft being damaged at the 
fiege in 1648. 

COLOURS. See Pigments in this Supplement. 
Accidental Colovks, a name given to a very curious 

optical phenomenon, which was firft, we believe, at- Colours, 
tended to by Buffon. That philofopher wrote a fhort "'"““'V""** 
paper on it, which was publiftied in the Memoirs of 
the Academy of Sciences for the year 1743. 

If a perfon look itedfailly and for a confiderable time 
at a fma.ll red fquare painted upon white paper, he will 
at lafl obferve a kind of green-coloured border furround 
the red fquare. If he now turn his eyes to feme other 
part of the paper, he will fee an imaginary fquare of a 
delicate green bordering on blue, and correfpending 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 objefts. 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 firft perfon, as far as we know, who gave a fa- 
tisfadlory explanation of thefe phenomena was Profelfor 
Scherffer of Vienna, wbofe difiertatioh, tranflated by 
Mr Bernoulli, has been publiihed in the 26th volume of 
the Journal de Phyfique. 

In order to underftand thefe phenomena, let us re- 
colledl, in the firft place, that light confilts of feven rays, 
namely, red, orange, yellow, green, blue, indigo, violet ; 
that whitenefs confifts 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, refled a much greater quantity of the rays which 
conftitute that particular colour than of any other rays. 
Thus red bodies refled moft red rays ; green bodies, 
moft green rays, and fo on. 

Let us recoiled, in the fecond place, that when two 
impreffions are made at the fame time upon any of our 
organs of fenfation, one of which is ftrong and the 
other weak, we only perceive the former. Thus if we 
examine by the prifm the rays refleddd by a red rofe, 
we {hall 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 perfeftly dark, the preceding 
ilrong impreffion rendering him for iometime incapable 
of feeling the weaker impreffion. 

With the affiitance 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 white fquare lying on any black iubftance (paper 
for inftance), it is evident that the part of the retina 
on which the white fquare is painted, receive a ftronger 
impreffion tha? any other part ; at lead tke greateft 
number of rays ftrike upon it. A weaker rmpreffion, 
therefore, will ad on it with much lefs force than upon 
the reft of the retina. Confequently, when the eye is 
turned from the white fquare to fome other part of the 
black paper, a fquajre 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 refleded by the 
black paper upon that part of the eye preyioufly fa- 
tigued by the copious refledion from the white fquare. 
For the very fame reafon, if, after looking for a fuffi- 
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Colours, cient time at a white fquare lying on a black ground, 

N1 we turn o\ir 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 refledled by the white paper as the other 
parts of it which have not been fatigued. The reafon 
then that Hack is the accidental colour of white is fuf- 
fkiently evident. 

On the contrary, when we look a fufficient 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, we (hall 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 impreffions 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 fufficient time at 
a red fquare placed on a ffieet 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 reflefted from the white paper ceafe 
to make any fenfible impreffion on it, and confequently 
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 
light 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 difcover the accidental colours, 
let u& recolleft the manner which Newton employed to 
determine the colour which refults from the mixture of 
ieveral 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 ftring ffiortened 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 
ftippofe the circumference of the circle, as ufual, divi- 
ded into 360 degrees, the different rays, according to 
Benvenut, fhould occupy the following arches : 

Red, 
Orange, 
Y ellow, 
Green, 
Blue, 
Indigo, 
Violet, 

45° 
27 
48 
60 
60 
40 
80 

Tet us now compare the action of colours on one 
another with that of different weights; and for that pur- 
pose let us fuppofe each colour concentrated in the cen- 
tre of gravity of its arch. In order to find the colour 
rcfulting from any mixture, we 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 flraight line which 
joins the centre of the circle, and the centre of gravity 

of the arch to which it is moft contiguous, the vefult- 
ing colour will approach more or lefs to the colour of 
the contiguous arch towards which 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 diftance 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 we wifh 
to know the refulting colour are all contiguous. For it 
is evident, that the fum of the fix arches, reprefenting 
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 {eventh 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 refult- 
ing from the mixture of the other fix colours, we have 
only to bife£t 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 palfes 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 
450 for the red, 27° for the orange, and 48° for the yel- 
low, we fhall have 160°, which wants 20° of half the 
circumference of the circle. If now we add the 60° 
for the green, the fum total will be 220°, confiderably 
more than half the circumference ; confequently the 
common centre of gravity is neared the green arch; but 
it falls io° nearer the yellow than the ilraight 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 mud be green with a fhade of yellow ; and this is 
adfually the cafe, as any one may convince hitnfelf by 
making the experiment. 

Suppofe, now, we wanted to know the accidental co- 
lour of grem, 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°, the half of 
which is 3c0 ; if to this we add 6o° for the blue arch, 
and 40° for the indigo arch, we fhall. have x 30 or 
50° degrees lefs than, a femicircle. If to this we add 
the violet arch, which is 8o°, we fhall have 30° more 
than the femicircle ; confequently the common centre 
of gravity falls neared 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 fiiade of red: And 
experiment confirms this. 

Buffon obferved that the accidental colour of blue 
was reddifh and pale. Let us fee whether we {hall ob- 
tain the fame refult from our method. Let us fnppofe 
that Buffon employed a light blue. In that cafe, if to 
30,. the half of the blue arch, we add 5o for the green, 
48 for the yellow, afid 27 for the orange, we fhall have 
165°; or 150 lefs than half the circumference of the 
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Colour*, circle : Confequently the common centre will fall neareft 

v ■' 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 muft 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 ot indigo and 
blue together is orange, with a ftrong fliade 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 wrere not fufficient to explain the caufe of 
accidental colours, and to (how that their phenomena 
correfpond exaftly, 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 that of Profeffbr 
Scherffer, the following confequences may be deduced: 

I. The accidental colour of a red fquare, lying upon 
a white or a black ground, ought to be blackilh, it we 
caft our eyes upon a red coloured furface, 2. If the 
furface upon which we look at a red Iquare be itfelf 
coloured, if it be yellow, for inftance, the white paper 
upon which we afterwards caft our eyes will appear 
blue, with a green fquare in it eorrefponding to the ori- 
ginal red fquare. And, in general, we ought to pei- 
ceive the accidental colour ot the ground en which the 
fquare is placed, as well as the Iquare 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 on die retina, when we turn our eyes to the 
white paper we (hall fee two fquares, or at lead one un- 
like the figure of the original one. 4. If the white, pa- 
per on which we look be farther diftant than the little 
fquare was, the imaginary fquare will appear confide- 
rably larger tban 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. I hefe, 
and many other confequences that might eafily be de- 
duced, will be found to take place conftantly and accu- 
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that are continually taking place in the border of out 
little fquare * fometimes it is large, fometimes fmall; at 
one time it difappears altogether, and the next moment 
makes its appearance again. _ # 

u 

There is another phenomenon connedfted 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 (hut our eyes. 1 he 
very fame thing takes place if we attempt to lock at 
a very luminous objeft ; as the fun, for inftance. Pro- 
feffor Scherffer thinks that this may be partly owing 
to the light which dill paffes through the eye-lids. 
That fome light paffes through the eye-lids is evident, 
becaufe when wre look towards a ftrong light with our 
eye-lids (hut, we fee diftindfly their colour, derived from 
the blood-veffels with which they are filled ; and it we 
pafs our finger before our eyes, we fee the (fiadow of 
the finger though our eye-lids be (hut, provided our 
eyes be turned towards the window. But that this 
light is not fufficient to explain the phenomenon in 
queftion is evident from this circumftance, that the (ame 
accidental colours make their appearance though we go 
immediately into the darkeft place. Perhaps we have 
accounted for the phenomenon elfewhere (See Meta- 
thysics, £ncycl. n° 54’) V/e pafs over the other.con- 
je&ures of Profeffor Scherffer, which are exceedingly 
ingenious, but not fufficiently (upported by faffs to be 
admitted. 

COLUMBA Noachi, Noah's Dow, a fmall con- 
ftellation in the fouthern hemifphere, confiding of 10 
ftar?* 

COMAR, or Khomar, a Zemindar’s demefoe of 
land. ' 

COMBUSTION is an operation of nature, which, 
though of the higheft importance, feems not to have 
at trailed much of the attention ot philofopheis pievi- 
ous to the feventeenth century. Since that period in- 
deed, the labours of Bacon and Boyle, and Hooke and 
Mayow, together with thole of Stahl and Lavoilier, 
have thrown much light on the fubjeCt ; as the icaclei 
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duced, will be round to taite piacc cuiuicuiuy   - —o . , ^ . .1 • 
ra.ely, if any one choofcs to put them to the tell of «. will The the- 
periment ; and therefore may be confidered as a com- 
plete confirmation of the theory given above of the 
eaufe of accidental colours. 

There is another circumftance refpefting accidental 
colours which deferves attention. If we continue look- 
ing ftedfaftly at the little fquare longer than is necefla- 
rv» in order to perceive its accidental colour, we (hall 
at laft fee its border tinged with the accidental colour 
of the ground on which the fquare is lying, for i.n- 
ftance, 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 eaufe of this phenomenon feems to depend upon 
the contra&ion 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 infpedling the 
fquare ; at firft it becomes lefs, and afterwards increafes. 
And though we cannot fee what paffes in the bottom 
of the eye, we can fcarcely doubt that fimilar move- 
ments are going on there, if we attend to the changes 

this Supplement and^in the Encyclopaedia. The the- 
ory ofLavoifier is by far the moll rational that has yet 
been offered to the public, and places its author in the 
firft ranks of philofophy. He corrects the errors of his 
predeceffors, and has advanced before them one very 
important ftep ; but, as we have elfewhere obferved, 
many new fleps are dill wanting to render his theoiy 
of combuftion complete. It. explains indeed, in a fatis- 
fadlory manner, why, during the procefs of comb,u(lion, 
the burning body gradually waftes away ; but it gives 
no explanation of the conftant emiffion of heat and 
light, though a circumftance as worthy of attention as 
the wafting of the body. 

The emiffion of light and heat the French chemifts 
feem indeed to have confidered as of no importance ; 
for rather than acknowledge tnat the theory of their 
juftly admired and ill-fated affociate is incomplete, they 
have chofen to give a new meaning to the word combus- 
tion ; and to make it fignify the combination of a body 
•with oxygen, whether during that procefs light and heat 
be evolved or not. Surely fucb condudl is unphilolo- 
phical ; and yet our own chemifts, with a fervility 
which ill becomes the countrymen of Bacon and New- 

ton. 
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Combuf- ton, have, for the moft part, acquiefced in this abfurd 

tiou. definition of combuftion. 
From the clafs of idolaters of the fclence of the great 

nation mult be excepted Ur Thomfon, the author of 
the article Chemistry in this Supplement. Senfible 
that comluflion, 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 Syltem of the Science, till it fhall have undergone 
the examination of other chemifts. 

The condu&or of this work, however, perfuaded that, 
while gratifying his readers in general, he flrall 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. Combujiibles ; 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, 
1. Simple com'ouftibles ; 2. Compound combuftibles ; and, 
3. Combuftible oxides. Simple combuftibles fulphur, 
phofphorus, carbon, hydrogen, and all the metals, except 
perhaps gold, fdver, and mercury. Compound combuf- 
tibles confift of compounds formed by the fimple com- 
buftibles uniting together two and two ; and combuf- 
tible oxides are compofed of one or more fimple combuf- 
tibles combined with a dofe of oxygen. Thefe oxides 
may be arranged under two heads : viz. thofe which 
containing only a fingle bafe combined with oxygen, 
may therefore be termed fimple combuftible 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 combuf ion are a fet of bodies 
which are not of themfelves, ftridtly fpeaking, capable 
of undergoing combuftion, but which are abfolutely 
neceftary for the procefs. All the fupporters known 
at prefent are fix ; viz. 1. Oxygen gas ; 2. slir ; 3. Ga- 

feous oxide of azot ; 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 
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earths, which belong to this clafs, poflefs certain pro- 
perties in common with combuftibles, and are capable 
of exhibiting phenomena fomewh =: analogous to com- 
buftion ; phenomena which the author dtfcribes under 
the title offemi-combufion. 

From the preceding obfervations it is obvious, that, 
in every cafe of combuftion, there muft be prefeat a 
comluf ible and a fupporter; and Lavoifier ascertained 
beyond a doubt, that, during the procefs, the combuf- 
tible always unites with the oxygen of the Supporter., 
This new compound ONr author calls a product of com- 
bufion ; and maintains that every fuch produbt is either 
water, or an acid, or a metallic oxide. He admits, in- 
deed, that other bodies Sometimes make their appear- 
ance during combuftion ; but affirms that thefe, upon 
examination, will be found neither to be produdfts, 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. Phoiphorus, 
for inftance, burns more readily than charcoal ; yet 
charcoal is capable of abftrafting 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 fa£t, that fome of the compound 
fupporters occafion combliftion in circumftances when 
the combuftibles would not be a£ted on by fmple fup- 
porters. 

None of the produBs of combuftion are themfelves 
combuftible, in the ufual and proper acceptation of that 
word. This, however, is not owing to their being far 
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 effentially from 
a mere produB of combuftion, being by the additional 
dofe of oxygen converted into & fupporter. 

When the fupporters, thus formed by the combina- 
tion of oxygen WilXi 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 
produfts of coinbuftion 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 am- 
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 produdts 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 bfown oxides 

off 
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of lead} 7. Black oxide of manganefe ; 8, Acidulous 
oxide of antimony? 9. White oxide of tin. 

Thus it appears that feveral of the products of corn- 
buftion are capable of combining with oxygen ; and 
hence it follows that the incombuftibility of produ&s is 
not owing to the*r w?.nt of affinity for oxygen) but to 
fome other caufe. 

Though no mere produB of comhuftion is capable of 
fupportin* eombuftion, this is not occafioned by any 
want of affinity for combuftible bod’ies ; for feveral of 
thefe produfts are capable of combining with an addi- 
tional dole of their bafes. By this combination, how- 
ever, they lofe their properties as products, and are 
converted into comhujlibles ; whence it follows that the 
procefs in nil differ effentially from that of combuftion. 
Thus fulphuric acid, a produB of comhuftion, by com- 
bining with an additional dofe of fulphur or its oxide, 
is converted into fulphurous acid; a fubllance which, 
from many of its properties, Dr Bhomfon concludes to 
be combujtihli. Thus alfo phofphoric acid, a produdl 
of combuftion, is capable of combining with phofpho- 
rated hydrogen, and forming phofphorous acid, a com- 
buftible body. When this laft acid is heated in con- 
ta£l 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 partial combujlibles, to indicate, that^ar/ 
only of the bafe is capable of undergoing combuftion. 
Now, fince the pradu&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 combuftibHity ; for after 
they have loft it, they unite to oxygen without exhibit- 
ing the phenomena of combuftion. 

Though the produBs of combuftion ate 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 produfts ; but du- 
ring this procefs no heat nor light is ever evolved. Wa- 
ter, for inftance, gives out its oxygen to iron, and con- 
verts it into black oxide, a produA; 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- 
du&s, 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 produfts wants. 

Whenever the whole of the oxygen is abftra&ed from 
produ&s, the combuftibility of their bafe is reftored as 
completely as before combuftion ; but no fubftance is 
capable of abftraAing the whole of oxygen, except a 
tombujlille or a partial comlujlible ; and when this is 
done, the combuftible or partial combuftible lofes its 
own combuftibility by the procefs, and is converted into 
a produA. 

From thefe faAs, which have been all eftabliffied by 
Stahl, Lavoifier, and our author, it follows that the 
produAs of combuftion may be formed without aAual 

combuftion : but in thefe cafes a new cornhjiible is ill- 
ways evolved. The procefs is merely an interchange of 
combuftibiiity ; for the combuftible is converted into a 
produA only by means of a produA. Both the oxy- 
gen and the bafe of the produA having undergone 
combuftion, have loft fomething which is eflential to 
combuftion. The proctfs is merely a double decompo- 
fition. The produA yields its oxygen to the combuf- 
tible, while, at the fame time, the combuftible gives 
out fomething to the bafe of the produA. The com- 
buftibility of that bale, 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 produA. 

No fupporter can be produced by combuftion, or by any 
equivalent procefs. Now as all the fupporters, except 
oxygen gas, confift of oxygen combined with a bafe, it 
follows as a confequence, that oxygen may combine 
with a bafe, without loftng that ingredient, whatever it 
is, which gives occaiion to combuftion. The mere uA 
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 lilver, combine with am- 
monia ; the red oxide of mercury with oxalic acid j 
and oxy-muriatic acid with ammonia. Thus alfo nitre 
and oxy-muriat of potafti 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 
itfelf, 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 of 
detonating or fulminating bodies. 

Such are the properties of the combuftibles, the fup- 
porters, and the produAs ; and fuch the phenomena 
which they exhibit when made to aA upon each other. 
If we compare together the fupporters and the produBs, 
we ffiall find that they refemble each other in feveral 
refpeAs. Both of them contain oxygen as an efi’entiai 
part; both are capable of converting combuftibles into 
produAs ; and of both feveral combine with combuf- 
tibtas and with additional dofes of oxygen. But they 
differ widely from each other in the phenomena which 
accompany their action on combuftibles. The fuppor- 
ters convert thefe bodies into produAs ; and at the 
fame time combuftion, or the emiffion of light and heat, 
takes place ; whereas the produAs convert combuftibles 
into produAs without any fuch emiffion. Now as the 
ultimate change produced upon cornbuftibles by both 
thefe fets of bodies is the fame, and as the fubflance 
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 produAs wants ; fomething which fepe- 
rates during the paflage of the oxygen from the fup- 
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- 
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Cewbut client which the oxygen of produ&s wants, 

tI°^11^ cumftances concur to render it probable that this in. 
" v gredient is caloric. 

The combujlibles and the products alfo refemble each 
other in feveral refpe&s. Both of them contain the 
fame or a fimilar bafe ; both frequently combine with 
combuftibles, and likewife with oxygen : bat they dif- 
fer efientially in the phenomena which accompany their 
combination' with oxygen. In the one cafe,yfre is emit- 
ted ; in the other, not. If we recoiled that no fub- 
ftance but a combuftible is capable of reftoring combuf- 
tibility to the bafe of a produd, and that at its doing 
fo, it always lofes its own combuflibility ; and if we re- 
coiled farther, that the bafe of the produd does not 
exhibit the. phenomenon of combuftion 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 do- 
ling the converfion. Many circunlftances concur to 
render it probable that this ingredient is light. 

If we iuppofe 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- 
buftion, numerous and intricate as they are, admit of 
an eafy and obvious explanation. The component parts 
of the oxygen of fupporters are two ; namely, r. A 
bafe; and, 'i. Caloric. The component parts of com- 
buftibles are likewife two ; namely, i. A bafe ; and, 2. 
Light. During combuftion the bafe of the oxygen 
combines with the bafe of the combuftible, and forms 
the produd ; while at the fame time the caloric of the 
oxygen combines with the light of the combuftible, 
and the compound flies off in the form of fire. Thus 
combuftion is a double decompofition ; the oxygen and 
combuftible divide themfelves each into two portions, 
which combine in pairs ; the one compound is the bro- 
dutl, and the other thefre, which efcapes. Hence the 
realon that the oxygen of produds is unfit for com- 
buftion : 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 
couife is not feparated, and no fire appears. Hence 
cnio the reaion why a combuftible alone can reftore 
combuftibility to the bafe of a produd. In all fuch 
caies a double decompofition takes place. The oxy- 
gen of the produd combines with the bafe of the com- 
buftible, while the light of the Combuftible 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 Combufion. 
As the author completely eftabliihes the fads on which 
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Secondfe- ^ ^^ T co,lceive to‘itTnt one'piau- 
ries. iible objedion. Why is not the caloric of the oxygen 

feparated when that gas combines with bodies deftitute 
of light ? ft 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 oft but when the heat is great. If this be a 
lad, and it is not improbable, the theory before us feems 
to be eltabiiftied ; for it not only completes the theory 
of Lavoifier, but affords an eafy folution to fume phe- 
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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 offome 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 
veffel 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 
chaicoal fanned with bellows, rapidly pervades the 
whole. When this difappears, the mixture is found in 
the ftate of folid fulphuret 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 lingular in this experiment 
is the glowing red heat, or the emrffxon of fire, which 
accompanies the combination of the fulphur and metal. 
This emifiion being the fame which takes place during 
combuftion, the procefs has been confidered as a com- 
buftion, aud ftated as fuch, by the German chemifts, 
as an obje&ion to Lavoifier’s theory. But our author 
fttews that no objeftion can be urged from this experi- 
ment again ft 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 recoiled, r. That the fulphur is in a melted ftate, 
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 fulphuret 
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 
fulphur owed its fluidity, combines with the light of 
the metal, and the compound flies off under the"form 
oifre. 

. Thus the procefs is exadly the fame with combuf- 
tion, excepting what regards the produd. ft'hc melt- 
ed fulphur ads the part of the fipporter, while the me- 
tal occupies the place of the combuf ible. The firft fur* 
nifties caloric, the fecond light, while the bafes of both 
combine together. Hence we fee that the bafe of ful- 
phurets (aud the fame thing holds of fome phofphurets) 
refembles the bafe of produds in being deftitute of 
light,, the formation of thefe bodies exhibiting the fe- 
paration of fire like combufion ; but the produd, differ- 
ing from a produd of combuftion in being deftitute of 
oxygen, our author propofes to diftinguifti the procefs 
by the title olfemi-combufion, 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 
is an inftrument of fo great value, that every improve! 
ment of it, propofed by men of fcience or of experience 
is entitled to notice. We fnall therefore lay before ou? 
readers fome obfervations on the defeds of the compafs 
m common ufe, which have fallen into our hands fince 
the article in the Encyclopaedia was publiftied. The 
firft is by Captain O’Brien Drury of the royal navy, 
and relates entirely to the needle. ; 

‘‘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 
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Compaf?. magnetic powers, which often produces a difference ex 

'-—v ' ceeding a point ; and I am well convinced^ that the 
great errors in (hip-reckonings proceed more frequently 
from the incorreftnefs of the compafs than from any 

(1 “ Steel 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- 
serve the magnetifm, and. confequently the polarity of 
the needle, I recommend to have the needle caied with 
thin, well-polilhed, 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 preferved its 
magnetifm in a*much more perfed degree than the 
needle not cafed ; and I have fometimes thought that 
the magnetic power of the cafed needle had mrealed, 
while the magnetic power of the uncafed and unarmed 
needle always lofes ot its polarity.” . . 

This is not an opinion taken up at random, out 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 cafe or ar- 
mour, in a room for three months; each having at that 
time precifely the fame dire&ion, and nearly the fame 
deo-ree of force. At the expiration of the three months, 
he°found that the cafed needle and the armed needle 

' had not in the leaft changed their direftion ; but tne 
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 
refpea to the needle only that this inftrument is defec- 
tive. Mr Bernard Romans of Penfacola well obferves, 
that, on another account, the heavieft brafs compaffes 
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 fuccuihon, 
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 lull 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 etieas 
of the jerks on the card are avoided, and it will always 
very fteadily point to the pole. “ Experience (fays 
our author) has taught me, that the card not only is 
not in the fmalleft degree afTefted by the. hollow lea, 
hut that, in all the violent (hocks and whirlings the box 
can receive, the card lies as Hill as if in a room unaffect- 
ed by the leaft motion. _ . 

“ Lately a compafs was invented and made in Hol- 
hnd, which has all thefe motions. It is of the fize of 
the common brafs compaffes ; the bottom of the hrafs 
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, Compaf*. 
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 (file is firmly fixed in the centre of a fquare 
wooden box, like the common compais, except that it 
requires a thicker bottom. 1 he ftile mud 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 fewing-thimble, but of a good polifti : the ftile muft 
(land perpendicular. The inner vertex of the cone muft 
alfo be well polifhed ; the vertical part of the cone 
ought to he thick enough to allow of a well-polifhed 
cavity, fufficient to admit a (hort ftile, proceeding from 
the centre of the card whereon it traverfes. i he com- 
pafs I faw was fo conftru&ed ; 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 in 
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 affured him, that in a hard gale, which lafted fome 
days, there was no other compafs of the imalleft 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 lame 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 publilhed 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 fcientific provifion againft 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 wor 
manfhip according to the common conftruftion, and a 
proper adjuftment of the weight with regard to. the 
centres or axes of fufpenfion. The fame author is of 
opinion, that it would greatly improve the compafs to 
make the needle flat and thin, and to fulpend it, not, 
as is mod commonly done, with its flat fide, but witu 
its edge uppermoft ; for it being a well-known facl, 
that foft fteel lofes its magnetifm fooner than hard, it 
is obvious, that unlefs both Tides 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 Come advantages over the 
European compafs, from which it differs with refpett 
to the length of the needle, and the manner in which 
it is fufpen Jed. In the compafs of China, the magne- 
tic needle is feldom above an inch in length, and is lels 
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. This 
fteadinefs is accompliffied by the following contrivance : 
“ A piece of thin copper is (trapped round, the cgntre 
of the needle. This copper is rivetted by its edges to 
the upper part of a fmall hemifphencal cup, of the fame 
metal, turned downwards. The cup fo inverted feryes 
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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^ompafs, thus forms the compafs-box. The furfaces of the foc- 
Comple- an(j pivots intended to meet each other, are per- 

ni^nt~ feftly polifhed,to avoid, as much as poffible, all fridtion. 
The cup has a proportionably broad margin, which, 
befide adding to its weight, tends, from its horizontal 
pofition, to keep the centre of gravity, in all fituations 
of the compafs, nearly in coincidence with the centre of 
fufpenfion. The cavity, in which the needle is thus 
fufpended, is in form circular, and is little more than 
fufficient to remove the needle, cup, and pivot. Over 
this cavity is placed a thin piece of tranfparent talc, 
which prevents the needle from being affedted by any 
motion of the external air; but permits the apparent 
motion of the former to be eafily obferved. The fmall 
and fhort needle of the chinefe has a material advantage 
over thofe of the ufual fize in Europe, with regard to 
the inclination or dip towards the horizon ; which, in 
the latter, requires that one extremity of the needle 
fhould be made fo much heavier than the other as will 
counteraft the magnetic attraction. This being diffe- 
rent in different parts of the world, the needle can only 
be accurately true at the place for which it had been 
conftruCted. But in Ihort and light needles, fufpended 
after the Chinefe manner, the weight beiow the point 
of fufpenfion is more than fufficient to overcome the 
magnetic power of the dip or inclination in all fitua- 
tions of the globe ; and therefore fuch needles will ne- 
ver deviate from their horizontal pofition.^ 

COMPLEMENT, in general, is what is wanting, or 
neceffary, to complete fome certain quantity or thing. 

Arithmetical Complements is what a number or lo- 
garithm wants of unity or 1 with fome number of cy- 
phers. It is bell found by beginning at the left hand 
fide, and fubtra&ing every figure from 9, except the laft, 
or right hand figure, which mull be fubtraCled from 10. 
So, the arithmetical comp, of the log. 9‘53297i4, 
by fubtrafting from 9’s, &c. is 

The arithmetical complements are much ufed in ope- 
rations by logarithms, to change fubtra&ions into ad- 
ditions, which are more conveniently performed, efpe- 
cially when there are more than one of them in the ope- 
ration. 

Complement, in allronomy, is ufed for thedillance 
of a liar from the zenith; or the arc contained between 
the zenith and the place of a liar which is above the 
horizon. It is the lame as the complement of the alti- 
tude, or co-altitude, or the zenith diltance. 

Complement of the Courfe, in navigation, is the 
quantity which the courfe wants of 90°, or 8 points, 
viz. a quarter of the compafs. 

Complement of the Curtain, in fortification, is that 
part of the anterior fide of the curtain which makes the 
demigorge. 

Complement of the Line of Defence, is the remainder 
of that line, after the angle of the flank is taken away. 

Complements of a Parallelogram, or in a Parallelo- 
gram, are the two leffer parallelograms, made by draw- 
ing two right lines parallel to each fide of the given pa- 
rallelogram, through the fame point in the diagonal. 

Complement of Life, a term much ufed, in the doc-, 
trine of life annuities, by De Moivre; and, according to 
him, it denotes the number of years which a given life 
wants of 86, this being the age which he conlidered as 
the utmoft probable extent of life. So 56 is the com- 
plement of 30, and 30 is the complement of 56. 

COMPOSITION of prorortion, according to Compoll- 
the 15th definition of the 5th book of Euclid’s Ele- tion 

ments, is when, of four proportionals, the fum of the r ^ 
firft and fecond is to the fecond, as the fum of the third tioCne.P” 
and fourth is to the fourth. i v— 

Composition of Ratios, is the adding of ratios to- 
gether : which is performed by multiplying together 
their correfponding terms, viz. the antecedents together, 
and the confequents together, for the antecedent and 
confequent of the compound ratio ; like as the addi- 
tion of logarithms is the fame thing as the multiplica- 
tion of their correfponding numbers. Or, if the terms 
of the ratios be placed fradlion-wife, then the addition 
or compofition of the ratios is performed by multiply, 
ing the fradfions together. 

COMPOUND interest. See Algebra, Encycl. 
and Compound Interest in this Supplement. 

CONCEPTION, a city of Chili in -South America, 
was vilited in 1786 by the celebrated, though unfortu- 
nate, navigator La Peroufe, who gives an account of 
fome particulars relating to it very different from what 
we have given of it under the article Conception, En- 
cycl. So far are the Spaniards from living in fecurity 
with refpedl to the Indians, that, according to him, 
they are under continual alarms of being attacked by 
thofe bold and enterprifing favages. “ The Indians of 
Chili (fays he) are no longer thofe Americans who 
were itifpired with terror by European arms. The in- 
creafe of horfes, which are dilperfed through the inte- 
rior of the immenfe deferts of America, and that of 
oxen and fheep, which has alfo been very great, have 
converted thefe people into a nation of Arabs, in every 
thing refembling thofe who inhabit the deferts of Ara- 
bia. Conflantly on horfeback, they confider an excur- 
fion of two hundred leagues as a very fhort journey. 
They march accompanied by their flocks ; feed upon 
their flefli and milk, and fonietimes upon their blood ; 
and cover themfelves with their fkins, of which they 
make helmets, cuirafies, and bucklers. All their old 
cuftoms are laid afide. They no longer feed upon the 
fame fruits, nor wear the fame drefs ; but have a more 
linking refemblance to the Tartars, or to the inhabi- 
tants of the banks of the Red Sea, than to their ancef- 
tors, who lived two centuries ago. So decifive an in- 
fluence has the introduction of two domeltic animals 
had upon the manners of that once timid people. It 
is eafy to conceive what formidable enemies they mult 
now be to the Spaniards ; for fuppofing them defeated 
in battle, how is it poffible to follow them in fuch long 
excurfions ? How is it poffible to prevent afiemblages, 
which bring together in a Angle point nations fcattered 
over 400 leagues of country, and thus form armies of 
30,000 men ?” 

Of thefe people M. Rollin, furgeon-major of the fri- 
gate la BuJJale, gives the following phyfiological parti- 
culars : “ They are, in general (fays he), of lower fla. 
ture, and Ids robult, than Frenchmen, though they en- 
dure with great courage the fatigues of war and all its 
attendant privations. There is a great famenefs in the 
phyfiognomy of moll individuals. The face is larger 
and rounder than that of Europeans. The features are 
more flrongly marked. The eyes are fmall, dull, black, 
and deeply feated. The forehead is low; the eyebrows 
black and Ihaggy ; the nofe ffiort and flattened ; the 
cheek-bones high; the lips thick ; the mouth wide ; 
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Conception.and the-chin diminutive. The women are fhort, ill- 
*   'made, and with difgufting countenances. Both men 

and women bore their nofe and ears, which they auorn 
with elafs or mother-of-pearl trinkets. Ihe colour ol 
their lin is a reddiih brown : That of their nails is i- 
milar, but not f« deep. The . hair ot 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 moll 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 Spaniih fettlements, where he 
had juft concluded a glorious peace with the Indians. 
This peace was highly neceffary to the people ot his 
crovernment, whofe diftant habitations were expofed to 
the inroads of favage cavalry, whofe pra&ice it is to 
mafiacre the men and children, and to make the wo- 
men prifoners. This amiable man, whofe name_ was 
Hmuins (probably Higgins), had fucceeded in gaining 
the good-will of thefe favages, and thereby rendered 
the moft fignal 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 man- 
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 Per’-U 

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 wrefting 
from its moft faithful ally one of the moft valuable pro- 
vinces of the Spaniih empire. 

La Peroufe defcribes 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 bilhop was a man of great 
fenfe, of agreeable manners, and of a charity of which 
the Spaniih prelates afford frequent examples.” He 
was a Creole, and had never been in Europe. Of the 
monks our author gives a very different charaaer. 
« The misfortune (fays he) of having nothing to do, 
the want of family ties, the profeffion of celibacy, with- 
out being 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 proflu 
■rates 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 exaeft information than they could get elfewhere, 
concerning places with which prieils ought to have 
been acquainted only in order to interdict the entrance. 

M. de la Peroufe reprefents that part of Chili, which 
is called the Bijhopr'\c of Conception, as one of the moft 
fertile countries in the univerfe. Corn yields fixty to 
one ; the vineyards are equally productive ; .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 expefted from a fituation 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 
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other; and this kingdom, of which the productions, if Condorcet, 
carried to their higheft pitch, would feed the half of 'v——' 
Europe ; of which the wool would fuffice for the ma- 
nufaftures of Great Britain and France, even when ma- 
nufadtures flouridied in the latter country; and oi 
which the cattle, if faked 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 
expended from its fftuation and fertility. l‘or the lati- 
tude and longitude of Conception, lee 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- 
lege of Navarre, and had the good fortune to tall into 
the hands of an able profeffor, who has fince diftinguiih- 
ed himfelf by his geometrical works. The young Con- 
dorcet had no relifh for the buiinefs of the firft 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 diftinguithed himfelf above them 
all. At Eafter he held a public thefis, at which Clairaut, 
D’Alembert, and Fontaine, alfifted. He now returned 
home, but continued to cultivate geometry. To enjoy 
more opportunities of improvement, he removed in 
1762 to Paris ; where he 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, he pubhfhed a 
work on the Integral Calculus, which difeovered vail 
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 Peterlburgh, 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 Angle geometer that could rank with the foimcr. 
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 to 
long occupied the. attention of the mathematicians on 
the continent. 

In 1767 Condorcet publilhed his iolution 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 on the 8th of March 1769 j 
and from that time till 1773 he enriched their annual 
volumes with memoirs on infinite feries, on partial anc. 
finite differences on equations of condition, and on 
other obi efts of importance in the higher calculus. It 
muft be regretted, that he indulged fpeeulation per- 
haps to excefs ; the methods that he propofes for mte- 1 gration 
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Condorcet gration are fometimes of a nature fo extremely general, 
^’-'v   as to refufe to be accommodated to practice. Profe- 

cuting thofe refearches for feveral years longer, he com- 
pofed an ample Treatife on the Integral Calculus, in 
five parts, comprifing the do6trines and their applica- 
tion. It was afterwards copied out for the prefs in 
1785 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, hou'ever, entirely abforbed 
in thofe recondite ftudies. 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 philofophical fe£t. “But (fub- 
joins the prudent La Lande) he pufhed the matter 
fomewhat too far ; for, admitting the jultnefs of his 
fyftem, it was more prudent to confine within the circle 
of the initiated thole truths wdiich 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 willies well to the fame left, cen- 
fures not his principles, but only regrets his ralhnefs. 
He was indeed, as Mr Burke obferved, a fanatic atheift 
and furious democratic republican. 

On the 10th of June 3773 he wras made fecretary of 
the academy of fciences ; and that important trull 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- 
fition is capable of being rendered fo extenfively ufeful 
as biography ? In the moft infinuating form it con- 
veys inftruftion ; and, beftowing vitality and action on 
the rules of condudl and on the leffons of virtue, it fires 
the breaft with the nobleft emulation. The life of a 
philofopher mull alfo include a portion of the hiftory 
of fcience. We there trace the fucceffive 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 L/oges : 
but thofe of Condorcet are of a very fuperior call. 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 Panegyrifts) with which he uttered the fen- 
timents of truth ano of freedom, could not have been ex- 
pefted from the mouth of an academician under an ab- 
folute monarchy. It could not, indeed, till the prefent 
eventful age, have been expefted 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 
Rome ; and what he dignified with the appellation of 
the principles of freedom, experience has fhown to have 
been the immediate fource of anarchy, out of which has 
fprung a defpotifm, the heavieft under which any people 
have groaned fince the creation of the world. 

Befides the eloges, which properly belonged to his 
province, Condorcet publifhed in a feparate volume 

the lives of thofe favants, who, having died before the Condorcef. 
renewal of the academy in 1699, did not fall in with' V"""’' 
the plan of Fontenelle. The fuppre ffion of the hiftory 
of the academy, or the regular abftra&s of the printed 
memoirs, which he effeaed 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 abftraa 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 pRfixed to the fplended edition of 
the works of Voltaire. Condorcet had been ele&ed 
member of the Aiademie Frangaife in 1782 ; and his re- 
putation as a fine writer was fo well eftablifhed, that 
book fellers were folicitous to cover their undertakings 
with the fan&ion of his name. He promifed an addi- 
tional volume to the tranflation of Euler’s Letters to a 
German Princefs ; but it was never finifhed. The part 
which was printed, amounting to only 112 pages, con- 
tains the elements of the calculation of probabilities, and 
a curious plan of a didlionary, 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 dilingenuous 
arts. Indeed difingenuous 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 Ruffin, 
by felling to her, at an immenfe price, a library, which 
he pretended to be one of the moft valuable in Europe, 
when he poffelfed not perhaps one hundred volumes,, 
was difingenuity ingrafted on impudence. But to re- 
turn from this fhort digreffion. 

Thefe literary purfuits did not entirely feduce Con- 
dorcet from more profound ftudies. At the inftigation 
of Turgot, he fought to apply analyfis to queftions of 
politics and morality. His firft Memoir on Probabili- 
ties was read to tire academy in 1781. PL afterwards 
extended his relearches to the confideration of elections, 
fales, and fucceffions ; and digefting thofe remarks and 
calculations into a fyftematic flrape,' 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 Chr unique, 
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- 
ftru&ion. 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 ftill to retain the office of fecretary. He drew up 
a manifefto on the fubjeft of the war menaced by the 
crowned heads; and a very ample report on public in- 
ftrudion, which has in part been lately adopted by the 
councils of France. He was an early member of the 

Jacobin- 
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Cmdortet. Jacobin club, that aaive inttruntcnt of the revolution : 
v—■*' but perceiving the progretTive ferocity of its meaiures, 

lie forfook it in March 1792* , o 
On the f 3th of Auguft, when the king was conduct- 

ed to the temple, Condorcet was nahied by the Ai- 
fembly to draw up a juitificatory memorial addrefled to 
all Europe. At the diffolution of that Aflembly, he 
was chofen deputy to the National Convention, and for 
fome time aded a diftinguilhed part in its deliberations. 
He was at the head of the committee appointed to pre- 
pare the plan of a republican conftitution. But, in the 
meanwhile, the fa&ion of the Mountain, with a pecu- 
liar energy of charader, was rapidly acquiring llrength. 
The report of the committee was coldly received-~was 
even treated with contempt and, on the 31ft of May 
1703, Robefpierre completely triumphed. 

During the conteft between the Mountain and the 
Brifibtines, Condorcet maintained a cautious filence. 
For eight months he hardly fpoke in the Convention ; 
and feems to have been fingularly wary in not niking 
an opinion on any party queftion. At length he was 
fo far roufed by the indignities which the kgiflative 
body daily endured, that he propofed the diffolution of 
the Convention, and the calling of a new one. This 
probably exafperated the Mountain to foch an excels, 
that in a fubfequent infurredtion his printing-office was 
deftroyed. He was not, however, included in the lift 
of proferibed deputies; nor w^as he one of the members 
who figned the famous proteft againlt the proceedings 
on the 31ft of May. See Revolution {EncycL), n 

*5But though he could conquer every fentiment of 
friendlhip, and ftifle every indignant fenfation at the 
deftru&ion of his party, his vanity as an author pro- 
pelled him to a fatal exertion. When the conttitution 
of was accepted, he publilhed An Addrefs to all 
French Citizens ; reprobating the extreme rapidity and 
want of ccnffderation with wdiich it had been framed 
and accepted, and detailing the numerous ads of vio- 
lence by which the prevailing party in the Convention 
had etta-blilhed their influence. . This ralh adl placed 
him in the power of the Mountain : Chabot denounced 
the publication, and moved for a decree of accufation 

. again ft 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 fhe knew him only by name, had the generofi- 
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 paffport 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 expefted 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 dictates of prudence, 
and went to an inn at Chemars, where he ordered an 

amelette. His fqualid appearance, dirty cap, torn Condorcet. 
clothes, leannefs, and voracity, fixed the attention of * " v 

a municipal officer, who aiked him whence he came, 
whither he was going, and d he had a pafiport ? H;s 
confufion at thefe interrogatories betrayed him, and he 
was inftantly apprehended, tie was confined tnat 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 (bun the gradual approach of in- 
evitable deftru&ion. 

Thus miferably periflied a philofopher, whofe “ ge- 
nius (fays Madame Roland) was equal to the compre- 
henfion of the vafteft fubjefts; but he had no other 
chara&enftic befides fear. It may be laid of his under- 
ftanding, combined with his perion, that it was a fine 
effence abforbed in cotton. No one could fay of 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 demonitrated a fa&, in 
the Affembly, he would give a vote decidedly oppolite ; 
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- 
du&ion 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 poihbihty, 
if not the probability, that the nature of man may^e 
improved to abfolute perfe&ion in body and mind, and 
his exiftence in this world protra&ed to immortality. 
So firmly does he feem to have been perfuaded of the 
truth of this unphilofophical opinion, that he let him- 
felf ferioully to coniider how men Ihould conduct them- 
felves when the population Ihould become too great tor 
the quantity of food which the earth can produce; and 
the only way which he could find lor counteracting this 
evil was, to check population by promilcuous concubi- 
nage and other pradices, 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 ot 
human nature ! ! !” La Lande, indeed, Ipeaks oi the 
author in terms of high refpe& ; and his abilities are 
certainly unqueftionable: but what lhall we think ot 
the morals of that man, who firft purfued with ma- 
licious reports, and afterwards hired ruffians to affafli- 
nate*, the old Duke of Rochefoucalt, in whofe houfe* ^ A 
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 raffed him to all his eminence ? There is a living 
Englilh writer, who has laboured hard to prove that 
gratitude is a crime. Condorcet muft furely have held 
the fame opinion ; and therefore could not blame thole 
low-born tyrants who palled againft him what we muft 
think an uniuft decree of accufation; for it was in fome 
degree to his writings that thofe tyrants were indebted 
for their power. . 

About the end of the year 1786, Condorcet married 
Marie-Louife Sophie de Grouchy, whofe youth, wit, 
and beauty, were lefs attra&ive in the eyes of a phdo- 
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Conferva fopher than the tender and courageous anxiety 

I! which fhe watched the couch, and afluaged the fuffer- 
Comagion. of the fon of the prefident 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, iiwrjr/.) is 
introduced here merely on account of a curious circum- 
ftance refpefting it, which was communicated, not long 
ago, to the Philomatic Society at Paris. Citizens 
Charles and Romain Coquebert having collefted fome 
of this Conferva in the neighbourhood of Paris, afcer- 
tained, by means of an excellent microfcope, conltrudl- 
ed by Nairne and Blunt, that, in this fpecies, there are 
male and female filaments, which unite by an aftual 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&ion abfolutely 
analogous to that which we find among animals.—Phi- 
lofophical Magazine, N° 3. 

May this faft be depended on ? We queftion not, in 
the flighted degree, the veracity of the editor of the 
very refpeftable 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 faft, 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 fubjeft 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 for determining the effedl of 
the nitric acid in dedroying contagion ; and experi- 
ments, according to his diredlions, were made on board 
the Union and other {hips at Sheernefs. 

The Union was an hofpital diip, 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 frefh 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 Contaginw 

fpecies of fever that might in every fenfe of the word 
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- 
fe&s among the attendants on the fiek and the (hip’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 condufted in the following manner; 
ift, 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 potafli 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 comer where any foul air was fupefted 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 haze. 

The vapour at firfi. 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 iifued from 
the cups. 

The body-clothes and bed-clothes of the fick. 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 wafh-houfe : a precaution extremely nec.eflary in 
every cafe of infedtious diforder. Due attention was 
alfo paid to cleanlinels and ventilation. 

It took about three hours to fumigate the fliip. In 
about an hour after, the vapour having entirely fubli- 
ded, the ports- and fcuttles were thrown open for the 
admiffion of freflt air. It could plainly be perceived-. 

that 

(a) That the fumes of the mineral acids poffeffed the property of flopping contagion was proved by Morveaii 
as far back as the year 1773, who, by means of the fumes of muriatic acid extricated from the muriat of fodn 
(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 Suffl, 
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Contagion, that the air of the hofpital was greatly fweetened even 
‘‘■"’“’■v by this firft fumigation. The procefs was repeated 

again next mornirtg ; and the people employed, being 
now better acquainted with it, were more expert, and 
finilhed the whole in about an hour’s time. In an 
hour afterwards, the vapour having entirely fubfided, 
the frefh air was freely admitted into the hofpital as 
before. Tewer pipkins were employed for the evening 
fumigations than for thofe of the mornings, as the freih 
air could not be admitted fo freely after the former as 
the latter. 

The pleafing and immediate effeA of the fumigation 
in deftroying 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 infe&ed with lefs dread of being attack- 
ed with the diforder : fo that the fick 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 call its cheering influence 
over that general defpondency, which was before evi- 
dently pidlured in every countenance, from the dread 
and horror each individual naturally entertained of be- 
ing, perhaps, the next vi&im to the malignant powers 
of a virulent contagion. 

It is a remarkable fad, that from the 26th of No- 
vember 1795, when the fumigation was firft reforted 
to, till the 25th of 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 confidered themfelves as fo many devo- 
ted vi&ims. 

The advantage of the fumigation was not felt by the 
fhip’s company and attendants alone, whom it preferved 
from the baneful effeds of the fever : the fick 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 flench, 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 lecure, 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, tor a week before, had been in a 
ftate of intoxication, was teized with the fever, of which 
he 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 inftance of a perlon fuffering 
from contagion on board the thip. 

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 
fttips in which it was employed. The fafety, too, with 

which it may be employed, in any fituation, without Contagloa 
inconvenience or rilk of fire, is another great recom- ^ H 
mendation in its favour. * 

From the defeription 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 neceflary 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 are of a red colour, there is reafon to fufped the 
purity of the ingredients. 

The importance of this difeovery need not be infifted 
on : it is equally applicable to every fpecies of putrid 
contagion, even to the plague itfelft It fliould there- 
fore be ufed in all hofpitals and parifli wovkhoufes; and 
ffiould 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 fituations 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-Harmonical 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. rl bus, for inftance, 3, 5? ancl 
6% are numbers contra-harmonically proportional; for 
2 : 1 : : 6 : 3,. t 

CoNTRA-Murs, in fortification, is a little wall bunt 
before another partition wall, to ftrengthen it, lo that ie 
may receive no damage from the adjacent buildings. 

COOPER, an artificer who makes coops, cafks, 
tubs, or barrels, i. 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 inftru&ion to 
the cooper himfelf, and, on the fubjedl of his art, very 
little that could be interefting to our other readers. In 
the Encyclopedie Methodique there is a long and verbofe 
account of the tools or inftruments employed by the 
cooper ; of the kinds of timber proper for the different 
kinds of caflcs; of the methods of preparing the wood 
for his various purpofes ; °f the manner in which he 
ought to bold the plane when dreffing the Haves ; and of 
the time when it is proper to put the ftaves together, 
or, in other words, to mount the calk, hrom this de- 
tail we fhall extra£1 fuch particulars as appear to us to 
be lead generally known, though perhaps of no great 
importance in themfelves. 

Notwithftanding the antiquity of the art of cajk- 
luildlng, 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 Ikins lined with 

mtch. 
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Cooper. pitch, arc preferred to wooden barrels for the holding 

and tranfporting of liquors. The Latin word do/ium, 
which we tranOate “ a calk,” was employed by the 
Romans to denote earthen veflels 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 cerf^in 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 veflels formed 
of feveral Haves of wood bound together by circles or 
hoops. The merit of having invented fuch veflels 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 junction 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 calif. 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 thm planks to be formed into ftaves , 
and in France, where this art is pradlifed 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 h.ncyclopedie Metbodique directs the 
cooper, when drefling the ftaves with the plane, to cut 
the wood always acrofs ; a pradtice which we doubt 
not is proper, though we think it would not be eafy to 
aflign the reafon of it. Plaining is the moll laborious 
and difficult part of the work ; and there are but few 
coopers who plane quickly, and at the fame time well. 
In Ihops 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 Ihiilings and three 
farthings a-day. 

In forming the ftaves, it mull never be forgotten that 
each is to conllitute part of a double conoid ; that it 
mull therefore be broadeft at the middle, becoming gra- 
dually, though not in ftraight lines, narrower towards 
the extremities; that the outfide acrofs the wood mull 
be wrought into the fegment of a circle ; and that the 
Have mull be thickeft near the middle, growing thinner, 
by very gentle degrees, towards the ends. To adjuft 
accurately thefe different curves (for even the narrow- 
ing of the ftaves mull be in a curve) to the lize and in- 
tended lhape 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- 
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ment of a circle or not, and therefore the cooper very Cooper, 
feldom takes that trouble. Copernicus. 

The ftaves being all drefled 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 calk 
through a feam to the centre, Ihould touch the conti- 
guous ftaves from the exterior to the intenor fide ; in 
other words, that the thin edges Ihould be Hoped as the 
archftones of a bridge are Hoped, fo that the contigu- 
ous ftaves may be brought into firm contafl throughout 
the whole joint. This, however, is not the pradtice 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 ot art ; for the driving of the hoops 
and the forming of the bottoms could certainly be ac- 
complilhed by any carpenter, we had almoll faid by 
any man, though he had never feen a hoop driven or a 
bottom formed. 

In many parts of Scotland, inftead 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 veffel, and to a fuperficial ob- 
ferver appears to be an ingenious contrivance ; but if. 
adds nothing to the ftrength or tightnefs of the feam, 
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 
mull 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 Haves mull be 
brought into contadl 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 rellorer, if no4- *he 
inventor, of the true fyftem of the fun, holds fo confpi. 
cuous a place in the republic of fcience, that every man 
of a liberal education mull be interefted both in the 
events of his life and in the hiftory of his difcoveries. 
Accordingly, in the Encyclopaedia, we have given a 
Ihoit Iketch of his hiftory, as well as an account of what 
led him to fuppofe the fun placed in the centre of our 
iyItem (fee Copernicus, and Astronomy, n° 22. 
Awcyr/.) Since thefe articles were publifhed, Ur Adam 
Smith’s Efays on Philofophical Suljefts have been <riveu 
to the world ; and in that which is intitled The Hi/lory 
of Jfronomy, we have an account of Copernicus’s dif- 
covenes, fo much more perfpicuous and fatisfa&ory than 
any thing which we have elfewhere feen on the fubjea 
that we are perfuaded our readers will be pleafed to 
meet with it here. r 

“ Th<;. confufion (fays Dr Smith) in which the old fefs. With refpedl to the infide of'the YaveT itTof hypotheL^toedTheVe?1";1^ ^ ^ oM 

uttle confequence whether it be round'ed into the feg- pernicus himfelf tells us what ^ C°' 
Suppl. Vol. I. Part II S 1 11 tells us’ what km fuggefted to him the 
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Copernicus, defign of forming a new fyftem, that thefe, the nobleft 
 v works of Nature, might no longer appear devoid of that 

harmony and proportion which diicover themfelves in 
her meaneft productions. What moll of all diffatisfied 
him was, the notion of the equalizing circle, which, by 
reprefenting the revolutions of the celettial fpheres as 
equable only, when furveyed from a point that was dif- 
ferent from their centres, introduced a real inequality 
into their motions ; contrary to that moll natural, and 
indeed fundamental idea, with which all the authors of 
altronomical fyftems, Plato, Eudoxus, Arillotle, even 
Hipparchus and Ptolemy themfelves, had hitherto fet 
out, that the real motions of fuch beautiful and divine 
objefts mull necelfarily be perfedly regular, and go on 
in a manner as agreeable to the imagination as the ob- 
jetls themfelves are to the fenfes. He began to conli- 
der, therefore, whether, by fuppofing the heavenly bo- 
dies to be arranged in a different order from that in 
which Ariilotle 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 obfcure traditions delivered down to 
us, concerning every other hypothefis which the ancients 
had invented for the fame purpofe. 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 
feCl, had removed it from the centre, and reprefented it 
as revolving in the ecliptic like a liar round the central 
fire. By this central fire 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 maae 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 leaft to have con- 
firmed him in an opinion which, it is not improbable, 
he had before hand other reafons for embracing, not- 
withilanding 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 weft to 
call, all the heavenly bodies would appear to revolve, in 
a contrary dire&ion, from eaft to weft. The diurnal 
revolution of the heavens, upon this hypothefis, might 
be only apparent; the firmament, which has no other 
fenfible motion, might be perfeaiy 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 fuppofing the 

f 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 
embarraffment of epicycles, connedl together the appa- 
rent annual revolutions of the fun, and the diredl, ie- 
trograde, and ftationary 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 on the other ; that while Ihe 

. really advanced in her annual courfe, he would appear 
to advance eaftward in that movement which is peculiar 
to himfelf. That, by fuppofing the axis of the earth 
to be always parallel to itfelf, not to be quite perpen- 
dicular, but fomewhat inclined to the plane of her or- 

bit, and confequently to prefent to the fun, the one 
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 fouth to north, the cou- 
fequent change of the feafons, and different lengths ot 
days and nights in the different feafons. 

“ If this new hypothefis thus connedled together all 
thefe appearances as happily as that of Ptolemy, there 
were others which it connefted together much better. 
The three fuperior planets, when nearly in conjundlion 
with the fun, appear always at the greateft diftance fronv 
the earth, are fmalleft, and lea ft fenfible to the eye, and 
feem to revolve forward in their diredl motion with the 
greateft rapidity. On the contrary, when in oppofi- 
tion to the fun, that is, wffien in their meridian about 
midnight, they appear nearefl the earth, are largeft, and 
moil fenfible to the eye, and feem to revolve backwards 
in their retrograde motion. To explain thefe appear- 
ances, the fyflem of Ptolemy fuppofed each of thefe 
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 fatisfadlory 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 fphere of the fun, fhould 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 fup£rior planets appear nearly in 
conjunaion 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 diredion which is almoft contrary to that of the. 
earth, they appear to advance forward with double, ve- 
locity ; as a fliip that fails in a contrary diredion 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, molt, fenfible to the eye,, 
and revolve in the fame diredion with it ; but ae their 
revolutions round the fun are flower than that of ttie 
earth, they are neceflarily 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 conneded together the dired 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, w'hofe body was 
alone larger than all the planets taken together, as efta- 
blifhed immoveable in the centre, {bedding light and 
heat on all the worlds that circulated around him in 
one uniform diredion, but in longer or fhorter periods, 
according to their different diftances. It took away 
the diurnal revolution of the firmament, whofe rapidity, upon 
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Coperfticire. upon the old hypothefis, was beyond what even thought 
u—v ' could conceive. It not only delivered the imagination 

from the embarraflment of epicycles, but from the diffi- 
culty of conceiving thefe two oppolite motions going 
on at the fame time, which the fyftem of Ptolemy and 
Ariftotle bellowed upon all the planets ; I mean, their 
diurnal weftward, and periodical e-allward revolutions. 
The earth’s revolution round its own axis took away 
the neceffity for fuppoftng the firft, and the fecond was 
eafily conceived when by itklf. The live planets, which 
feem, upon all other fyllems, to be objeCls of a fpecies 
by themfelves, unlike to every thing to which the ima- 
gination has been accullomed, when fuppofed to revolve 
along with the earth round the fun, were naturally ap. 
prehended to be objedls of the fame kind with the earth, 
habitable, opaque, and enlightened only by the rays of 
the fun. And thus this hypothelis, by claffing them in 
the fame fpecies of things, with an objecl that is of all 
others the moll familiar to us, took off that wonder and 
uncertainty which the llrangenefs and Angularity of 
their appearance had excited ; and thus far, too, better 
anfwered the great end of philofophy. 

“ Neither did the beauty and fimplicity of this fyllem 
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 ftrangell of thofe appearances, which it had 
been invented to render natural and familiar, and thefe 
fentiments Hill 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 file nevef triumphs fo much as when, in or- 
der to connedl together a few, in themfelves perhaps 
fnconliderable obje&s, fhe has, if I may fay fo, created 
another conftitution of things, more natural indeed, and 
fuch as the imagination can more ealily attend to, but 
rfiore new, more contrary to common opinion and ex- 
pedlation, than any of thofe appearances themfelves. As 
in the inllance before us, in order to connect together 
fome feeming irregularities in the motions of the pla- 
nets, the moft inconliderable obje&s 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, 
Ihe has, to talk in the hyperbolical language of Tycho 
Brahe, moved the earth from its foundations, llopt the 
revolution of the firmament, made the fun Hand Hill, 
and fubverted the whole order of the univerfe. 

“ Such were the advantages of this new hypothefis, 
as they appeared to its author when he firll invented it. 
But though that love of paradox, fo natural to the 
learned, and that pleafure which they are fo apt to take 
in exciting, by the novelty of their fuppofed difeoveries, 
the amazement of mankind, may, notwithllanding what 
one of his difciples tells us to the contrary, have had its 
weight in prompting Copernicus to adopt this fyftem ; 
yet when he had completed his Treatife of Revolutions, 
and began coolly to confider what a llrange do&rine 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, he 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 publiftied.” 

This noble theory, however, being repugnant to the 
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prejudices of habit and education, was at firll coldly re- 
ceived, or utterly reje&ed, 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 difdain, becaufe it militated 
againft the fanciful diftinftions and the vague erroneous 
tenets of the Peripatetic philofophy, whicn no one had 
ventured to call in quellion ; and it is amufing to ob- 
ferve with what dexterity the Copernicans, itill ufing 
the fame weapons, endeavoured to parry the blows of 
their antagonifts. Its real merits and blcmhhes appear 
to have been overlooked by both parties.- Brahe 
framed a fort of intermediate fyftem j but this Danilh 
aftronomer was more remarkable for his patience and 
ikill in obferving the heavens, than for his talents of 
philofophical 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, roufed 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 difeovered 
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 Chemistrv-/W«c in this Supplement  
The Chinefe have a metal which they call pe~turv^ but 
which Sir George Staunton denominates 

White Copper. This metal has a beautiful filver- 
like appearance, and a very ciofe grain. It takes a fine 
polifti, and many articles of neat workman drip, in imi- 
tation of lllver, 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 ftieets or laminaj as pollible, which they make 
red-hot, and increafe the fire to fuch a pitch as to foften 
in fome degree the laminas, and to render them ready 
almoft to flow. In this (late they are fufpended over 
the vapour of their pureft tu-te-nag or zinc, placed in 
a fubliming veffel over a brifk fire. The vapour thus 
penetrates the heated laminae of the copper, fo as to re- 
main hxt.d with it, and not to be eafily diffipated or 
ca.cined 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 
deferibed in the Encyclopaedia. When the tree is about 
15 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 
tree increafes. It is commonly finged a little over a 

3M2 ftrong 

Copper, 
Cork. 
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Cornua, ft von o' fire or glowing coals, or laid to fo?,k a certain 

——V“—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 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 
ProfefTor Beckmann finds no mention before the 15th 

In later times, fome other vegetable produftions 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 
inoift places, which is called there_ monbin or monlam, 
and by botanifts Jponduis lutea. This wood is brought 
to England in great abundance for that ufe. 1 he 
fpongy root of a North American tree, known by 
the name of nyjfc, 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 foffil 
jfhells, of which a pretty full account is given^ in the 
Encyclopaedia. See 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 aflerted, on the authority of Lin- 
naeus, that ammonites, with {hells fimilar to all the va- 
rieties of the fofiil ones, are yet found alive in the depth 
of the ft a. 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- 
very, by fuch arguments as we know not how to an- 
fwer. This unfortunate naturaiift (fee Lamanon in 
this Supplement) allows that there are ftill in the fea 
living cornua ammonis ; but he thinks that they are in 
very fmall numbers, and materially different from the 
greater part of the foffil ones. According to him, thefe 
fail ought to be confidered as a race, formerly the moll 
numerous of all, of which, either there are no defeend- 
ants, or tfiofe defeendants are reduced to a few dege- 
nerate individuals. That there are no living animals 
with {hells of the very fame kind with fome of the foml 
cornua ammonis, the following obfervations he coniiders 
as a fufficient proof. 

“ The foffil {hells are very light and thin, whereas 
the ffiells of thofe animals that live in very deep water 
are always thick and ponderous ; befides, the form of 
the foffil cornua ammonis points out to us, in fome mea- 
fure, the organization of the animal which inhabited it. 
The celebrated Juffieu proved, in 1721, that there ex- 
ifted a very dole analogy between the ammonite and 
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nautilus (a). It is well known that the nautilus, by 
filling or emptying a part of its {hell, has the power of 
remaining ftationary in any depth it pleafes : the fame 
was doubtlefs the cafe wdth the ammonite ; and if this 
fpecies ftill abounds in the fea, it would furely be occa- 
fionally difeovered by failors. 

“ The waves alfo would throw fragments of it on 
the Ihore ; fiftiermen might fometimes entangle it in 
their nets ; or, at leaft, there would be fragments {tick- 
ing to the lead of the founding line when afeertaining 
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-fifh 
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 {hells. 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 extinction of the ancient race of ammonites is 
therefore an eftablilhed fad, which no rational fuppo- 
fition can deftroy ; and this faft is undoubtedly the moft 
furprifing of any that is prefented to us in the hiftory 
of aquatic animals. The difeovery 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 reprefentatives 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 fheLs 
belides.,> 

To every nnivolve (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 be) to 
afeertain the precife meaning of the term ammonite, pre- 
vious to deferibing 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 ffiort^ one as 
three lines to two lines and three quarters. The firft 
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 16 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 o* 
being entirely plain. The number of fpiral circumvo- 
lutions is four and a half; they are equally convex on 
both Tides, and are fixed on a plane, dividing the iheii 

Cornua. 

(a) There are, however, fome {hiking internal differences : firft, the paititions in ^emunicates 
are more curved than thofe of the ammonite : fecondly, the ammonite wants e ma-,. 0 
from one ceil .to the other. 
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Cornua. Into two equal parts : there is on each fide a kind of 
  bofs formed by the increafe of the perpendicular dia- 

meter of the fpires, in proportion as they recede from 
the centre. The furface is fmooth ; 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 (hell 
is nearly triangular ; its edges project 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 
fhells 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 France have been fo indefatigable in the 
fludy of natural hiftory ; and there can be little doubt 
but that it is to ferve the fame purpofe that Lanianon 
thus reafons for the deftru&ion of the ancient race of 
ammonites in fome univerfal convulfion of the world. 
But fuppofing his arguments conclufive, they affedt not 
the truth of the Jewifli and Chriftian 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 
fhall be difiblved. That new earth will certainly be 
itored 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 fofiil cornua ammonis 
make part of the wreck of that fyftem, the caufe of re- 
velation would remain uninjured. “ Mofes, as a real 

* Trofijor philofopher * has well obferved, writes the hiftory, not 
^Edinll °^h t^lls through all its revolutions, but of the race 

This fecret attack, therefore, made by Lamanon 
againft that religion of which he once profefied to dif- 
charge the duties of a prieft, is nothing more than te- 
lum imbelle fine tSu. Yet it may be worth fome natu- 
ralift’s while to enquire, whether, though feeble, it has 
been fairly made. We confefs th^t our own fufpicions 
of unfair dealing are ftrong ; for when a man of fcience 
contradi&s himfelf in the courfe of two pages, the blun- 
der muft be attributed to fome other fource than mere 
inadvertency. M. de Lamanon wilhes to prove, among 
other things, that the ancient ammonites did not inha- 
bit great depths of the fea ; and that Linnsus was mif- 
taken when he fuppofed that in great depths they may 
ftill be found. Yet he himfelf tells us, that he frequent- 
ly caught ammonites in the South Sea, where no bot- 
tom wras 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 ftiells 
were covered with a black clayey mud. It is true thefe 
ammonites were but finall ; while of 300 varieties of 
fofiil ammonites which he mentions, fome, he lays, have 
been found ten feet in circumference.. But is it certain; 
that thefe large ftiells were real cornua ammonis ? If 
they agree not exadtly with our author’s defcription of 

the fhell of the ammonite (a faft into which we have Corredlon. 
had no opportunity of inquiring), his arguments for * 
the extinction of the ancient race are grofs fophifms, 
unworthy of a man either of fcience or of candour. 

CORRECTION-house is a prifon where idle va- 
grants are compelled to work, and where perfons guilty 
of certain crimes fuffer puniftunent and make reparation 
to the public. Of the fo’mer kind of corre8ion houfesr 
perhaps enough has been faid in the Encyclopaedia un- 
der the title WoRK-ffozz/e ; but of the latter very little 
will be found in that work under the titles Bridewell 
and Idleness. 

Perhaps houfes of correction, as means of punilh- 
ment, are not, in this country, employed fo frequently 
as juftice and expediency feem to require. In the opi- 
nion of Dr Paley, whofe opinions are always worthy of 
attention, it is one of the greateft defeats 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, fufficiently terrible 
to keep offenders in awe. Tranfportation, which is the 
punifhment fecond in the order of feverity, anfwers the 
purpofe of example very imperfectly ; not only becaufe 
exile is in reality a flight punifhment to thofe who have 
neither property, nor friends, nor regular means of fub- 
fiftence at home, but becaufe the punifhment, whatever 
it be, is unobferved and unknown. A tranfported con- 
viCt may fuffer under his fentence, but his fufferings are 
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 punifhment pro- 
duces alfo two farther imperfections in the adminiftra- 
tion of penal juftice ; of which the firft is, that the 
fame punifhment is extended to crimes of very different 
characters and malignancy ; and the fecond, that pu- 
nifhments, feparated by a great interval, are affigned to 
crimes hardly diftinguifhable in their guilt and mif- 
chief.” • 

Perhaps this chafm might be properly filled up by 
houfes of correction under judicious management, which 
might likewife promote another important purpofe, bet- 
ter than the punifhments 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 effected, and little indeed feems 
practicable by the punifhments known to the laws of 
Britain. From every fpecies of punifhment inflicted 
among us, from imprifonment and exile, from pain and 
infamy, malefaCtors return more hardened in their 
crimes, and more inftruCted. The cafe we think would 
often be different when they returned to the world from 
a well-regulated houfe of correction. As experience is 
the only fate guide in matters of legiflation and police, 
we {hall lay before our readers M. Thonin'?, account of 
the houfe of correction at Amfterdam, which feems to 
corroborate our opinion. 

The Amfterdam correction houfe, from the employ- 
ment of the prifoners confined in it, is called.the 
houfe, and isrdeftined to the reception of thofe malefac- 
tors whofe crimes do not amount to a capital offence. 
Their punifhment cannot 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 uorth-eaft of the city. 

The. 
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CWe&ion. The exterior has nothing remarkable, either with re- w—y—_/ £pe(c^ 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 eflablifhment. Over the gate, which 
opens from this court into the prifon, are placed two 
ftatues, as large as life, reprefenting two men in the aft 
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 neceifary warehoufes. One part of the 
ground {lory 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 his profeflion, was ftrongly 
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, with 
very llrong, 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 conftrufted for this purpofe. 

This employment requires an extraordinary exertion 
of llrength, and is at firil a fevere penance even to ro- 
bull perfons ; but habit, addrefs, and praftice, foon ren- 
der it eafy ; and the prifoners in a fhort time become 
competent to furnilh, without painful exertion, their 
weekly contingent of 200 lb. weight of fawed pieces. 
After completing this talk, they even find time to fa- 
bricate a variety of little articles in wood and draw, 
which they fell to thofe who vifit the prifon, or difpofe 
of, by means of agents, in the'town. 

M. Thouin next infpefted 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 
confided in hammocks, with a matrafs, a blanket, and a 
coverlid to each, tables, chairs, and dools, glafs, &c. 
earthen vedelsj and various other articles of convenience. 
Every thing in thefe apartments was didinguifhed by 
neatnefs and propriety ; and notwithftanding the num- 
ber of inhabitants allotted to each, was fully adequate 
to the dimeniions of the rooms ; the fenfes were not of- 
fended with any difagreeable feent, and the air was in 
every refpeft 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 
againd the proper fubordinatiou of the place, or ill- 
treated their comrades, were confined for a few days. 
But the keeper affured 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 admidion of light and air. The fupprelfion of 
this barbarous and coercive punidxment does honour to 
the humanity of government. 

The dore rooms are filled with various kinds of wood 
for the purpofes of dyeing ; as the haemotoxylum cam- 
pechianum, the morus tinftoria, the caefalpinia fappan, 
&c. They are all exotics, with the exception of the 
Evonymus Europaeus. The warehoufes wrere not of 
fufficient extent to contain the quantity of wood, 
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which was depofited in piles in different parts of the Correfl.'on. 

The prifoners, amounting to 76 in number, were 
uniformly habited in coarfe woollens ; wear very good 
dockings, large leather dioes, white fhirts, and caps or 
hats. They are, by the rules of the houfe, obliged to 
frequent ablutions, which greatly contribute to the pre- 
fervation of their health. There was only one fick per- 
fon amongd them ; and, what is not a little remark- 
able, almod all the prifoners had formerly lived in large 
commercial towns ; very few villagers were amongd 
them. They had all been fentenced to imprifonment 
for theft ; but it depends upon themfelves, by reforma- 
tion and good behaviour, to dxorten the terra of their 
condnement, 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 proteftor than their gaoler (and M. Thou- 
in informs us, that the prifoners generally called him by 
no other name than father), affids them with his coun- 
fels and friendly admonitions. He regiders every week, 
in a book appropriated to this purpofe, both the in- 
dances of good and bad behaviour, which is annually 
fubmitted to the examination of the magidracy, 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 malefaftor, 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 diorter term. But great attention is paid to diferimi- 
nate between aftual reform and hypocritical artifice. 

The reward of good behaviour is not, however, con- 
fined to, or withheld till, the period of aftual liberation. 
Their redoration to fociety is preceded by a progref- 
dve 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- 
medic-economy. The keeper even entruds them with 
commifiions beyond the precinfts of the prifon ; and 
fcarce a dngle indance has occurred of their abufing 
this indulgence. By this prudent management, a con- 
fiderable faving is effefted in the expence of the eda- 
blidiment, 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 
cudomary 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 fuch indances 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 
fomewhat extraordinary. During the period of his de- 
tention, he always conforms, with the mod fcrupulous 
obfervance, to the rules of the place, and gives general 
fatisfaftion by his exemplary conduft. But fuch, as 
he himfelf avowed to our traveller, is his conditutional 
propendty to thieving, that no fooner is the term of his 
imprifonment elapfed, than he returns with redoubled 
ardour to his lawlefs epurfes. It is not fo much for the 
fake of plunder, as to gratify his irrelidible 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 

'V— liearfmg his warlike atcliievements. 
Another falutary regulation in this inflitution, from 

which the heft confequences refult, is the indulgence 
granted to the prifoners of receiving the vifits of their 
wives and miitrefles 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- 
mifiion 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. I houin concludes his account with obferving, 
that the rafping-houfe at Amfterdam bears a greater re- 
femblance to a well-ordered manufactory than to a pri- 
ibn. It were to be wiflied that all fimilar inftitutions 
were conducted upon a fimilar plan (a). 

So fays our author : But though we have admitted 
expei lence 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 diftinguiihes all ranks among the Dutch, 
may indeed prevent the room from having an offenfive 
ficent ; 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 charader to felons fuffer- 
ing punilhment for their offences in a prifon, is a prac- 
tice which we truft will be approved only by philofo- 
phers of the French fchool. The Britifh philofopher, 
whom we have already quoted with approbation, is of 

Crane. 

opinion, and we heartily agree with him, that “ of re- 
forming punifhments, none promifes fo much fuccefs as 
that ot fohtary imprifonment, or the confinement of 
criminals in feparate apartments. This improvement 
of the Amfterdam houfe of correction would augment 
the terror of the punilhment, would feclude the crimi. 
nal from the fociety of his fellow-prifoners, in which fo- 
ciety the worfe are fure to corrupt the better ; would 
wean him from the knowledge of his companions, and 
from 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 his mind 
to fuch bitter and continued penitence, as might pro- 
duce a latting alteration in the principles of his con- 
duct.” 
, f°rne houfes of correction, the prifoners are fub- 
jeCted to the difeipline 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 
produce any good effeCt, mull be adminiftered in pri- 
vate. It is obferved by Fielding, who well underftood 
human nature, that falling is the proper punilhment of 
profligacy, not any punilhment that, like flagellation, 
is attended with lhame. 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. (J 28. 

COWRY-Shells, the loweft money in fome parts 
of the Eaft. See Money [Encycl.^y where they are 
called karts. 

CRANE, in mechanics, a machine ufed for railing 
or lowering great weights. For the principles on which 
thtfe machines aCl, 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, aCting 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 conli- 
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 fuch a machine; and various have been 
the contrivances for accomplilhing fo defirable a pur- 
P° , .4 clergyman, who fubferibes E. C. we fuppofe as the initials of his name, propofes, through the medi- 
um of the Repertory of Arts, to accomplilh it merely by 
introducing the adtion 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 readlion from the firft moving force ; 
for, powerfully as a worm afts 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 aa / *  iij u Cl dllC 
were given by. a worm upon the axis of the wheel in 
which the man walks, the man would have perfedt com- 
mand of the machine, to raife or lower the goods at 
pleafure, with the remoteft poffibility of being over- 
powered by the defending weight. 

“ Were I to conftrua (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 ftiould 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 difcretion of the perfon turning the winch 

“ This contrivance might be not inconveniently ap- 

plied 
. W Ff ^°. "ot 5cno"' ‘ty M- Thouin’s journal of his travels has been vet publilhed Fvtr.A r ■ n been inferted into the JDeccide+ <x periodical publication st aZ* * -b^xtracrs from it have 
corredion was firft copied into the Monthly Magazine for lure 4o8 13 aCC0Unt of the ^mflerdam houfe. of 
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' Crf.r>e. rjlied to a crane already erected upon tlie common prin- 
 'v—w cJple : Let there be a wheel put upon any convenient 

axis in the machine as it now Hands; upon this let 
there lie a worm, that can be 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 warehouse 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 thould apprehend, would 
not be a matter of abfolute neceflity.” 

Our author is aware of two objections which may be 
urged againft the introduction of a worm into a crane 
in the manner which he propoles. The firft arifes from 
the flownefs of the motion produced by the turning of 
a fcrew, which he conliders 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) mult, while 
it larts, be greater than between a worm and wheel for 
the fame fpace of time, it feems no unreafonable fuppo- 
iition that the aggregate of friCtion will, in the two 
cafes, nearly balance each other ; efpecially if it be 
taken into the account, that to obtain the po\!ver of 
one worm and wheel, there will be, in molt cafes, re- 
quired two pair of wheels, and two additional axes—all 
which will add to the friCtion. But,, grafting the ba- 
lance of friCtion to be againft 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 refpea, been noticed elfewhere *, gives, 

* See Me- Jn ^ TranfaSions of the Society for the Encouragement of 
•'i^Encycl. Arts, See. the following defeription of a new crane for 

wharfs: 
XX A (fig. I.), a circular inclined plane, moving on a atC pivot underneath it, and carrying round with it the 

axis E. A perfon walking on this plane, and preffing 
againft 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 (hew more clearly the conftruClion and aftion 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 preifes againft the 
periphery of the plane, as ftiewn 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 oft' 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 fall to one of the uprights, 
ferving to prevent the lever moving too far when preffed 
by 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 : , Cr°f». 

i. It is fimple, confiding merely of a wheel and axle. 
2. It has comparatively little friCtion, as is obvious from 
the bare infptClton 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 preffing on 
the gripe-lever. 5. This crane admits of an altnoft in- 
finite variety of different powers ; and this variation is' 
obtained without the lead alteration of any part of the 
machine. If, in unloading a veffel, there ihould 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 greateft: 
eafe may teach him. 

It is a great difadvantage in fome cranes, that they 
take as long time to raife the fmalleft as the larged 
weight, unlefs the man who works them turn or walk 
with fuch velocity as muft foon tire him. In other 
cranes, perhaps, two or three different powers may be 
procured ; to obtain which, fome pinion mud 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 ftep or two toward the 
circumference, and he will be fully equal to the talk. 
Again, if the k>ad 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 neceffity, let him 
move laterally towards the centre, and he will foon feel 
the place where his ftrength will fuffer the lead fatigue 
by raifing the load in queftion. 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- 
ffieaved block would double that power. Suffice it to 
fay, that the fize may be varied in any required ratio i 
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, muft be confidered 
as a part of the houfe in which it is placed ; fince it 
would be mollly unneceffary Ihould fuch cranes be eredl- 
ed in houfes already built. With refpedl 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 elfential 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 confifting of 
a brafs circle, divided into four equal parts by two lines 
croffing 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 objedls. The crofs is mounted on a ftaft or Hand, 
to fix.it in the ground, and is very ufeful for meafu- 
ring fmall pieces of land, and taking offsets, &c. 

Cross-faff, or Fore-faff, is a mathematical inftrument 
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Grown, of box or pear-tree, conlifting of a fquare flaff of about 
Cruz* three feet long, having each of its faces divided like a 

’“"’v 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 
llaff.—The inftrument was ufed in taking the altitudes 
of the eeleftial bodies at fea. 

CROWN, in altronomy, a name given to two con- 
flellatibns, the fouthern and the northern. 

Crown, in geometry, a plane ring included between 
two parallel or concentric peripheries of unequal circles. 

CRotvti-PoJl, is a poft in fome buildings Handing up- 
right in the middle between two principal rafters; and 
from which proceed Units or braces to the middle of 
each rafter. It is otherwife called a king-pojl, or king's* 
piece, ox 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 fey a pafiage which they 
called Bucarelli’s Entrance, and which they placed in 
55° ^ N. Lat. and 1390 15' W. Long, from the meri- 
dian of Paris. There is no good reafon to queftion the 
exaftnefs of the latitude of this paflage 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 135° 
id to the weft of Paris, or very nearly 13a0 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 
beads, 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. 

ft heir colour is a clear olive ; many among them 
have, however, a perfedly 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 undrefled fkins 
(with the fur apparently) ; thefe are the fkins 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 
iCg ; there are, however, many among them who wear 
boots of fmooth fltin, refembling Rnglifh 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 fifties and other animals, and even 
copper collars of the bignefs of two fingers. They 
wear in their ears pendants of mother-of-pearl, or flat 
pieces of copper, on which is emboffed a refin of a to- 
paz colour, and which are accompanied with jet beads. 
'Phew hair is long and thick, and they make ufe of a 
comb to hold it together in a fmall queue from the 
middle to the extremity ; a narrow ribbon of coarfe li- 
nen, woven for this purpofe, ferves as a ligament. They 
wear alio as a covering a kind of fcarf, woven in a par- 
ticular manner, fomething more than a yard and a half 
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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- 
cy by their drefs. ft heir phyfiognomy is agreeable, 
their colour frefh, their cheeks vermilioned, and their 
hait 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 fleeves reach down to the wrifts. 
Upon this robe they put divers fkins of otters or other 
animals to defend themfelves from the inclemency of the 
weathet. . Better dreffed, many of them might difpute 
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 ffiape, of which the fmall- 
eft diameter is almoft an inch; the more a woman is ad- 
vanced in years, the more this curious ornament is ex- 
tended: it renders them frightful, the old women efpe- 
cially, whofe lip, deprived of its wonted fpring, and 
dragged by the weight of this extraordinary jewel, ne- „ 
ceffanly hangs in a very difagreeable manner. The 
girls wear only a copper needle, which croffes the lip in 
the place where the ornament is intended hereafter to 
be placed. 

Phefe Indians in war make ufe of cuirafles and 
fhoulder pieces of a manufaaure like that of the whale- 
bone flays among the Europeans. Narrow boards or 
fcantlings form, in fome fort, the woof of the texture, 
and threads aie 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 a 
coarfe and large gorget which covers them as high as 
below the eyes, and their head hi defended by a morion, 
or fkull-piece, ufually made of the head of fome feroci- 
ous animal. From the waifl downwards, they wear a 
kind of apron, of the fame contexture as their cuirafs. 
Laftly, a fine fkin hangs from their fhoulders 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. b r > 

Their offenfive arms are arrows; bows, of which the 
firings are woven like the large cords of our bell mufi- 
cal inftruments ; lances, four yards in length, tongued 
with iron ; knives, of the fame metal, longer than^Eu- 
ropoan bayonets, a weapon, however, not very common 
among them ; little axes of flint, or of a green ftone. fo 
hard that they cleave the moft compad wood without 
injury to their edge. 

I he pronunciation of their language is extremely dif- 
ficult ; the) 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 eftabliftied 
in the harbour, it may be concluded that they are pret- 
ty laborious. They continually brought Huffs well 
woven and fhaded by various colours, the fid ns of land 
and fca wolves, of otters, bears, and other fmaller ani- 

3 ^ mala; 
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mals ; of thefe feme were raw, and others drefied. ftrait. 1 There were to be found at this market alfo coverlets of 
coarfe cloth, lhaded with white and brown colours, very 
well woven, but in fmall quantities : large ribbons of 
the fame linen which might match with that of the 
Spaniih officers mattreiles; 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 reprefeated 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 Hkc 
Flanders etwees, with rabbeted edges, formed fo as to 
ffiut into the body of the box ; animals m wood, as 
well thofe of the earth as of the air ; figures of men of 
the fame material, with fkull-caps reprefenting the heads 
of various fierce animals ; fnares and nets for fi filing , 
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 
molt agreeable to them, and left the remainder to the 
ftiips crews. . 

As the Indians difeovered that the Spaniards were 
very dainty in their fiffi, 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 fiflies refembling trout. 
From all this it may be inferred, that this gulf is full of 
fiffi; the banks too are covered with ffiells. 

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 
country did not produce pearls, or fome precious ftones: 
their refearches were fruitlefs ; they only found fome 
ftones 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 fifli, freih or dry, boiled or 
roafted ; herbs and roots which their mountains yielded 
them, and particularly that which in Spain is called fea 
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 worihip 
the fun, the earlieft and molt natural of all idolatrous 
worfliip ; and they paid a decent retpeft to the remains 
of their dead. Don Maurelle, one of the Spamfh offi- 
cers, in an expedition round the gulf, found in two 
iflands three dead bodies laid in boxes of a fimilar form 
to thofe which have been deferibed above, though con- 
fiderably larger, and decked in their furs. Ihefe 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 Hope extends almofl; every where to the iea. 
The foil, limeftone ; it is neverthelefs covered with an 
impenetrable forefl; of tall fir trees, very large and very 
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  As thefe trees cannot ftrike very deep into the 
earth, the violence of the wind often tears them up by 
the roots: they rot and become a light mould, upon _ 
which grows a buffiy 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, florks, gold finches, and 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 (luffs, that they 
fold their children for broken iron hoops and other 
wares. The Spaniards in this manner bought thiee 
young lads, one from five to fix years old, another of 
four, and the third from nine' to ten, not to make 
flaves, but Chriftians of them ; they hoped befides to 
derive ufeful information from them as to the nature oi 
the country and its inhabitants. Thefe youths wete fo 
contented in being with the Spaniards, that they hid 
themfelves when their parents came on boaid, 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 fickly, and almcll at the gates of 
death. 

At the full and change of the moon, the fea rifes in 
the harbour of La Cruz feventeen feet three inches 
Englifh ; it is then high water at a quarter after 12 at 
noon : the lovvefl tides are fourteen feet three inches;, 
the night tides exceed by one foot nine inches thofe of 
the day. 

CRYSTAL, ^ See Cry Stax, and Cry- 
CRYSTALLIZATION, stallization, EncycL 

an(l and Che mistR-Y-Yw/ex 
Rock-CRYSTAU in this Supplement. 
CUBIC Hyperbola, is a figure exprefled by the 

equation xy'zza, having two afymptotes, and coniifting 
of two hyperbolas, lying in the adjoining angles of the 
afymptotes, and not in the oppofite angles, like the 
Apollonian hyperbola ; being otherwife called by New- 
ton, in his Enumeratio Lint arum ‘Tertii Ordinis, an by- 
perbolifmus of a parabola ; and. is the 65th fpecies of 
thofe lines according to him. t 

Cubic Parabola, a curve of the fecond order, having 
two infinite legs tending contrary ways. The curve of 
this parabola cannot be readied even by means of the 
conic feaions. 

CULLEN (Dr William) was a man to whom pby- 
fical fcience is fo deeply indebted, that it has often 
flruck us with wonder that no account of him has yet 
been given to the public, which deferves to be clafled 
with Britifh biography. We know, indeed, that a hie 
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 Doftor s 
fame, and who, we have been told, is to enlarge and 
publiffi it himfelf. In this flate of things our read- 
ers mull pardon us for laying before.them a very itn- 
perfeft account of this eminent man, to whom we were 
ourfelves almoil tlrangers. There is a charader of him 
in the periodical publication called The Bee, wmch^ve 

Cmz 
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Cullen. ChaU 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 1712. His father was 
for fome time chief magiftrate of the town of Hamil- 
ton ; but though-a very refpetlable man, his circum- 
Itances 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 velfel from London : but of 
this employment he tired, and fettled himfelf, at an ear- 
ly period of life, as a country furgeon in the parifh of 
Shotts, where he ftaid a ftiort time pra&ifmg among 
the farmers and country people, and then went to Ha- 
milton with a view to pra&ife 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 recolledting 
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 chara&er, 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 affiftance of young Cullen was called in ; 
which proved a fortunate circumftance in ferving to pro- 
mote his advancement to a ftation in life more Anted to 
his talents than that in which he had hitherto moved. 

The charadler of the Douglaftes, 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- 
neral, very prominent features; and if to that be added 
a fpirit of frolic and diflipation, thefe will be accounted 
as only natural confequences of thofe youthful indul- 
gences that fpring from an excels 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 chara&er and ingenious converfa 
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tion of his new acquaintance. Receiving inftru&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 Dodfor, 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 Angular 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 
pafled over in filence. It was during this time that 
was formed a connexion in bufinefs in a very humble 
line between two men, who became afterwards eminent- 
ly confpicuous in much more exalted ftations. William, 
afterwards Dotftor, Hunter, the famous leftureron 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 ftudiea 
with ardour, but thwarted by the narrownefs of their 
fortune, entered into a copartnery bufinefs as furgeons 
and apothecaries in the country. The chief end of 
their contraft being to furnifh the parties with the 
means of profecuting their medical ft tidies, which they 
could not feparately fo well enjoy, it was ftipulated, 
that one of them alternately fhould be allowed to ftudy 
in what college he inclined, during the winter, while 
the other fhould carry on the bufmefs 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 jt came 
to Hunter’s turn next winter, he, preferring London ta 
Edinburgh, went thither. There his lingular neatnefs 
in difleciing, and uncommon dexterity in making ana- 
tomical preparations, his afiiduity in ftudy, his mildnefs 
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 affiftant, and whofe chair he after- 
wards filled with fo much honour to himfelf and fatis- 
faftion to the pubiic- 

Thus was diflblved, in a premature manner, a copart- 
nery perhaps of as Angular 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 praftifed as a country 
furgeon and apothecary, he formed another connedion 
of a more permanent kind, which, happily for him, was 
not diflblved 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 ftill more honourable to himfelf The difeafe of the 
Duke of Hamilton having refitted 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 eulogift upon every od 

. Cul.len never forgot this; 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 lie pofieffed, it cannot be fup 
■—pofed he beheld the fair fex with indifference. \ evy 

early in life he took a ffrong attachment to an amiable 
woman, a Mifs Johniton, daughter to a clergyman in 
that neighbourhood, nearly of his own age, who was 
prevailed on to join with him in the facred 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 ne had little of thefe to boaft 
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- 
thing in 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, (he 
peacefully departed this life in fummer 1 780. ^ 

• In the year 1746, Cullen, who had now taken tne 
degree of doftor in phyfic, was appointed a le&urer in 
chemiitry in the univerfity of Glafgow : and in the 
month of Oa.ober began his leaures in that fcience. 
His Angular talents for arrangement, his diftinanefs of 
enunciation, his vivacity of manner, and his knowledge 
of the fcience he taught, rendered his ledures intereft- 
ing to the Undents to a degree that had been till then 
unknown at that univerfity. He became, therefore, in 
feme meafure, adored by the Undents. 1 he formei pro- 
feffors were eclipftd by the brilliancy of his reputation; 
and he had to experience all thofe little rubs that envy 
and difappointed ambition naturally threw in his way. 
Rtaardlefs, however, of thefe fecret ftagreens, he pref- 
fed^forward with ardour in bis literary career ; and, 
fupported by the favour of the public, he confoled him- 
felf for the contumely he met with from a few indivi- 
duals. His praftice as a phyfician increafed from day 
to day ; and a vacancy having occurred in the year 
1751, he was then appointed by the king profeffor oi 
medicine in that univerfity. This uew appointment 
ferved only to call forth his powers, and to bring to 
light talents that it was not‘formerly known he poffef- 
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 moll 
eminent medical men to fupport the rifing fame of the 
college, their attention was foon directed towards Cul- 
len ; who, on the death of Dr Plumber, profeffor of 
chemiftry, was, in 1756, unanimonfly 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 month 
of Odoberofthatyear; 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 poffible, more ftrongly felt in Edin- 
burgh. Chemiftry, which had been till that time of 
fmall 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 

formed among the ftudents for oppofing this new fa 
vourite of the public ; and thefe ftudents, by mifrepre- 
fenting the dodrines of Cullen to others who could not 
have an opportunity of hearing thefe dodrines them- 
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 profeifors 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 refped- 
ing his colleagues, nor took any notice of the dodrines 
they taught: ’ That fome of their unguarded ftridures 
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 tne 
charader of Cullen on his firft outfet in the univerfity 
of Edinburgh having proved friutlefs, his fame as a 
profeffor, and his reputation as a phyfician, became more 
and more refpeded every day. Nor could it well be 
otherwife : Cullen’s profeffional knowledge was always 
great, and his manner of leduring Angularly clear and 
intelligible, lively and entertaining ; and to his patients, 
his condud in general as a phyfician was fo pleafing, 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 frieno 
and companion of every family he vitited ; and his fu- 
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 condud 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 condud fo uncommon and 
fo kind. Among ingenuous youth, gratitude eafily de- 
generates into rapture—into refped 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 exceffive. It is fortunate, however, that the bulk 
of mankind will ever be influenced in their judgment 
not lefs by feelings and affedions than by the cold and 
phlegmatic didates of reafon. The adoration which: 
generous condud excites,, is the reward which nature 
hath appropriated exclufively to difinterefted 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 condud 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, 

the 
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Callcn. the moft engaging eafe, and freely entering with them 

on the fubjeft of their ftudies, their amufements, their 
difficulties, their hopes, and future profpefts. In this 
way he ufually invited the whole of his numerous clafs, 
till he made himfelf acquainted with their abilities, their 
private chara&er, and their objects of purfuit. Thofe 
among them whom he found moil affiduous, beil dif- 
pofed, or the moil friendlefs, he invited the moil fre- 
quently, till an intimacy was gradually formed, which 
proved highly beneficial to them. Their doubts, with 
regard to their objects of iludy, he liilened to with at- 
tention, and folved with the moil obliging condefcen- 
lion. His library, which confiiled of an excellent af- 
fortment of the beil 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 moil readily to obtain. 
They feemed to be his family ; and few perfons of dif- 
tinguiihed merit have left the univerfity of Edinburgh 
in his -time, with whom he did not keep up a corre- 
fpondence till they were fairly eilablifned in buiinefs. 
By thefe means he came to have a moil accurate know- 
ledge of the ilate of every country, with refpedl to 
practitioners in the medical line ; the only ufe he made 
of which knowledge was, to direft iludents in their 
choice of places, where they might have an opportuni- 
ty of engaging in bufinefs with a reafonable profpedt of 
fuccefs. Many, very many, able men has he thus put 
into a good line of buiinefs 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 wray only that he befriended the 
ftudents at the univerfity of Edinburgh. Poil'effing a 
benevolence of mind that made him ever think firlt 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 Angularly attentive to their pe- 
cuniary concerns. From his general acquaintance a-, 
mong the iludents, and the friendly habits he was on. 
with many of them, he found no difficulty in difcover- 
ing thofe among them who were rather in hampered 
circumilances, without being obliged to hurt their de. 
licacy in any degree. To fuch perfons, when their 
habits of iludy 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 conducted to 
his library, and encouraged by the moil 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 refpeCt than others, 
books were fometimes preifed upon them as a fort of 
conilraint, by the Doftor infilling to have their opinion 
of fuch or fuch paifages they had not read, and defiring 
them to c^rry the book home for that purpofe. Fie, 
in ihort, behaved to them rather as if he ,courted their 
company, and ilood 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 otherwife have obtained ; which, . 
to people whofe minds were deprefied by penury, and 
whofe fenfe of honour was fharpened by the confcioufr 
uefs of an inferiority of a certain kind, was Angularly 
engaging. Thus they were infpired with a fecret fenl'e 
ef dignity, which elevated.their minds, and excited an 

uncommon ardour of purfuit, inflead of that melancho- 
ly inactivity which is fo natural in fuch circumftances, 
and which too often leads to defpair. Nor was he lefs 
delicate in the manner of fupplying their wrants, than 
attentive to difcover them. He often found out fome 
polite excufe for refufmg to take payment for a Aril 
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 converiation to 
fome fubjedl that occurred in the courfe of his le&ures; 
and as his le&ures 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 wuth attention, 
under a pretext of affifting his memory.. Sometimes he 
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 he 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 neceffarily 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 ledlures, but by refuAng to take 
their money, he alfo enabled them to attend thole of 
others that were, neceffaiy to complete their courfe of 
ftudies. Thefe were particular devices he adopted to 
individuals to whom economy was neceiTary ; 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 ledures as 
many years longer as he pleafed gratis. 

He introduced another general rule into the univer- 
Aty, that was didated by the fame principle of diAn- 
terefted beneAcence, that ought not to be here palfed. 
over in Alencc. Before he came to Edinburgh, it was. 
the cuitom of medical profeflbrs to accept of fees for 
their medical aAiilance, when wanted, even from medi- 
cal Undents themfelves, who were perhaps attending the 
profeffor’s own kdures at the time. But Cullen never 
would take fees as a phyAcian from any Undent at the 
univerAty, though he attended them, when called in as , 
a phyAcian, with the fame affiduity and care as if they 
had been perforts of the Aril rank,.,who paid him molt 
liberally. This gradually induced others to adopt a A- 
milar pradice ; fo that it is now become a general rule 
for medical profcfibrs to decline taking any fees when 
their affillance is neceftary 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. lirft ,ledures which Cullen delivered in Edin- 
burgh were on chemiilry ; and for many years he alfo 
gave clinical ledures on the cafes which occurred in the 
Royal Infirmary. In the mouth of February 1763, 
Dr Alfton died, after having begun his ufuaf courfe of 
ledures on the materia .mc-dica ; .and the magiftrates of 
Edinburgh, as patrons of that profefforftup in the uni- 
verAty, .appointed Dr Cullen to that chair, requefting 
that he would Anifli the, courfe. of ledures that had been 
begun for that feafon.:. This he agreed to do; and . 
though he was unde.r a ueceffity of going on with the 
courfe in a few days after he was nominated, he did not . 
once think of reading the ledures of his predeceffor, 
but refolved to deliver a new courfe entirely his own . 

The. 

Cullen. 
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Cullen. The popularity of Cullen at this time may be guefied 
u“'■v—^ at by the increafe of new (Indents who came to attend 

his courfe in addition to the eight or ten who had en- 
tered to Dr Alfton. The new iludents exceeded 100. 
An imperfeft copy of thefe le&ures, thus fabricated in 
haftc, having been publilhed, the Doftor thought it ne- 
ceffary to give a more correct 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 charaderifed his literary exertions in 
the prime of life. . 

Some years afterwards, on the death or Dr White, 
the magiftrates once more appointed Dr Cullen to give 
leisures on the theory of phyfic in his ftead. And it 
was on that occahon 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 his 

* See5/^,death with great fatisfadion to the public*. Soon after, 
SuppL on the death of Dr Rutherford, who for many years 

had given ledtures with applaufe on the practice of phy- 
fic, Dr John Gregory (whofe name can never be men- 
tioned by any one who had the pleafure of his acquain- 
tance without the warmed tribute of a grateful refpedt) 
having become a candidate for this place along with Dr 
Cullen, a fort of compromife took place between them ; 
by which they agreed each to give ledtures alternately 
on the theory and on the pradtice of phytic during 
their joint lives, the longed furvivor being allowed to 
hold either of the claffes he (horrid incline. In conle- 
quence of this agreement, Dr Cullen delivered thej^r/r 

■courfe of leftures on the pradlice of phyfic in winter 
1 -66, and Dr Gregory fucceeded him in that branch 
the following year. Never perhaps did a literary ar- 
rangement take place that could have proved more be- 
neficial to the Undents than this. Both thefe men po- 
fefled great talents, though of a kind extremely diilimi- 
lar. Both of them had certain failings or defedts, which 
the other was aware of, and counteradted. Each 0 

them knew and refpedted the talents of the other. 1 ley 
co-operated, therefore, in the happied- manner, to en- 
large the undertlanding, and to forward the purfuits o 
their pupils. Unfortunately this arrangement was foon 
dedroyed by the unexpedted death of Dr Gregory, 
who was cut od- in the flower of life by a fudden and 
iinforefeen event. After this time, Cullen continued 
to give ledtures on the pradlice of phyfic till a tew 
months before his death, which happened on the 5th 
of February 1790, in the 77th year of his age. 

In drawing the charadler of Dr Cullen, Dr Ander- 
fon, to whom we are indebted for this fketch, obferves, 
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 indiferiminately together ; 
thofe who poffefs a talent for detail, and thofe who are 
endowed with the faculty of arrangement. C ir. 
may be faid to view objedts individually as throug 1 a 
microfcope. The field of vifion is confined ; ut t e 
objeas included within that field, which muff ufually 
be confidered fingly and apart from all others, are een 
with a wondrous degree of accuracy and diftmane s. 
The other takes a fweeping view of the univerfe at 
large, confiders every objea he perceives not individu- 
ally, but as a part of one harmonious whole ; His mind 

is therefore not fo much employed in-examining the fe« 
parate parts of this individual objea, as in tracing its 
relations, conneaions, and dependencies, on thofe a- 
round it.—Such was the turn of Cullen’s mind, ff he 
talent for arrangement was that which peculiarly dif- 
tinguifhed him from the ordinary clafs of mortals ; and 
this talent he poffeffed 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 pol- 
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 infufe 
into congenial minds, felt diiguft at the pre-eminence 
he obtained, and aftonifhment at the means by which 
he obtained it. An Ariffotle and a Bacon have bad 
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 
Shakefpeare. Such things are wifely ordered, that every 
department in the univerfe may be properly filled by 
thofe who have talents exactly fuited to the talk affign- 
ed them by heaven. 

Had Cullen, however, poffeffed the talents for ar- 
rangement alone, fmall would have been his title, to 
that high degree of applaufe he has attained. With- 
out a knowledge oifads, a. talent for arrangement pro- 
duces nothing but chimeras ; without materials to work 
upon, the ffru&ures which an over-heated imagination 
may rear up are merely “ the bafehffs fabric of a vifion.” 
No man was more fenfible of the juffnefs of this remark 
than Dr Cullen, and few were at greater pains to avoid 
it. His whole life, indeed, was employed, almoft with- 
out interruption, in collefting fadts. Whether he was 
reading, or walking, or converfing, thefe were continu- 
ally falling into his way. With the keen perception of 
an eagle, he marked them at the firff glance ; and with- 
out Hopping at the time to examine them, they were 
ftored up in his memory, to be drawn forth as occafion 
required, to be confronted with other fadts 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 Cullens memoiy, 
that till towards the very decline of life, there was 
fcarcely a fadl that had ever occurred to him which he 
could'not readily recolledt, with all its concomitant cir- 
cumttances, whenever he had occafion to refer to it. It 
was this faculty which fo much abridged bis labour m 
ftudy, and enabled him fo happily to avail himfelf of the 
labour of others in all bis literary fpeculations. He of- 
ten reaped more by the converfation of an hour than 
another man would have done in whole weeks of labo- 
rious ffudy. . . 

In his preledtions, Dr Cullen never attempted to 
read. His ledtures were delivered viva voce, without 
having been previoufly put into writing, or thrown in- 
to any particular arrangement. The vigour of his mind 
was fuch, that nothing more was neceffary than a tew 
fliort notes before him, merely to prevent him from va- 
rying from the general order he had been accuftomed 
to obferve. This gave to his difeourfes an eale, a vi- vacity. 

Cullen. 
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Cullen, vacity, a variety, and a force, that are rarely to be met 
“"“v ' " with in academical difcourfes. His leftures, by confe- 

quence, upon the fame ftihjedl were never exaitly the 
fame. Their general tenor indeed was not much va- 
ried ; but the particular illuftrations were always new, 
well fuited to the circumftances that attracted 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 muft be afcribed that energetic artlefs elo- 
cution, which rendered his lectures 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 objedts 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 adtive faculty of 
the mind was roufed; and fuch an ardour of enthufiafm 
was excited in the profecution of ftudy, as appeared to 
be perfectly inexplicable to thofe who were merely un- 
concerned ipedtators. In confequence of this unfhack- 
led freedom in the compolition and delivery of his lec- 
tures, every circumftance was in the niceft unifon with 
the tone of voice and expreflion 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 objedts brought under view 
were of a nature more folernn and grand : and was he 
peevifh, there was a peculiarity of manner in thought, 
in word, and in adtion, which produced a moft ftriking 
and interefting effect. 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 difcordant ideas 
which prove difgufting and unpleafing. 

It would feem as if Dr Cullen had confidered the 
proper bufinefs 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 fhort time allowed 
for academical pAdedtions would admit. He did not, 
therefore, fo much ftrive to make thofe who attended 
his le&ures deeply verfed in the particular details of 
objedts, as to give them a general view of the whole 
fubjedt; to fhew what had been already attained re- 
fpedting it; to point out what remained yet to be dif- 
covered ; and to put them into a train of ftudy that 
fhould enable them at a future period, to remove thofe 
difficulties that had hitherto obftrudted our progrefs ; 
and thus to advance of therafelves to farther and far- 
ther degrees of perfedlion. If thefe were his views, 
nothing could be more happily adapted to them than the 
mode he invariably purfued. He firft drew, with the 
ilriking touches of a mafter, a rapid and general outline 
of the fubjedt, by which the whole figure was feen at 
once to ftart boldly from the canvas, diftindt in all its 
parts, and unmixed with any other objedt. He then 
began anew to retrace the pidture, to touch up the lef- 
fer parts, and to finiffi the whole in as perfedt a manner 
as the ftate of our knowledge at the time would permit. 

Where materials were wanting, the pidlure there conti- Cullen, 
nued to remain imperfedt. The wants were thus ren- 
dered obvious; and the means of fupplying thefe were 
pointed out with the moft careful difcrimination. The 
Undent, whenever he looked back to the fubjedt, per- 
ceived the defedts ; 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 
adtive faculties of the mind moft powerfully excited ; 
and inftead of labouring himfelf to fupply deficiencies 
that far exceeded the power of any one man to accom- 
plifti, he fet thoufands 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 whofe 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 profeilbr; 
and it was in this manner that he 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 he taught than he himfelf was, 
Chemiftry, which was before his time a moft difgufting 
purluit, was by him rendered a ftudy fo pleafing, fo ea- 
iy, and fo attractive, 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 diftinguilhed Cullen as a 
profeflbr. The energy ot his mind, by which he 
viewed every fubjed with ardour, and combined it im- 
mediately with the whole of his knowledge. 

“ The fcientific 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 chemiftry ceafe to be a chaos. 

“ A wonderful art of interefting the Undents in every 
thing which he taught, and of railing 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 chara&er was far from perfect.; and, in the 
opinion of moft other men with whom we have conver- 
fed 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 demolilhing the 
theories of others than in giving liability to thofe 
which were reared by himfelf. 

Dr Cullen’s external appearance, though ftriking and 
not unpleafing, was not elegant. His countenance was 
expreffiye, 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 fhoul- 
ders. When he walked, he had a contemplative look,. 

and 
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and did not feem much to regard the objefts around a palm branch. 

CYC 

him. 
CURFEU Bell (fee Curfew, isnryc/ ), called in 

the law Latin of the middle ages ignitegium or pyrite- 
gium, and in French, cuvre-feu — xvas a fignal for all per- 
fons to extinguifh their fires at a certain hour. In thofe 

■ ao-es people made fires in their houfes 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 pradicedlill 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 almofl: everywhere 
eftabliflied, that the fire (hould be extinguiflied at a cer- 
tain time in the evening ; that the cover fhould be put 
over the fire-place ; and that all the family (hould re- 
tire to reft, or at lead keep within doors The time 
when this ought to be done was fignified by the ring- 
ing of a bell, called therefore the curfeu-lell or ignitegium. 
The law of William the Conqueror, which introduced 
this praftice into England, as has been mentioned in the 
Encyclopaedia, was aboliflied by Henry I. in 1100. 

The ringing of the curfeu-bell gave rife to the prayer- 
bell, as it is called, which is dill 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. 

.CURVE of Equable Approach. It was firft pro- 
pofed by Leibnitz, namely, to find a curve, down which 
a body defcending by the force of gravity (hall 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 defcending body muft 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 defcending in 
a medium which refifts as the fquare of the velocity. 

CUSSO, or Banksia Abyssinica, is a beautiful and 
ufeful tree, indigenous to the high country of Abyfiinia. 
At leaft Mr Bruce, who has given of it the only defcrip- 
tion which we have feen, fays that he never faw it in any 
other part of Afia or Africa. It feldom grows above 
20 feet high, very rarely ftraight, generally crooked or 
inclined. Its leaf, which is of a deep unvarniftied green, 
having the fore part covered with foft hair or down, is 
about 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 Cuffo is narrower and longer. 

Thofe leaves grow two and two upon a branch, ha- 
ving between each two the rudiments of two pair of 
leaves, which probably’- are deciduous ,■ but the branch is 
terminated with a fingle leaf or Jlipula at the point. 
The end of this ttalk is broad and ftrong, like that of 

   It is not folid like the gerid of the Cuvette 
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 fingle flowers attached 
to their ends ; the (talk that carries thefe proceeds out 
of every crook or geniculation. The whole clufter or 
flowers has very much the fliape of a clufter of graphs ; 
the (talks which fupport it refemble the (talks of the 
grape ; and a very few fmall leaves are fcattered through 
the clufter of flowers. 

“ The calyx or flower cup is of a greenifh 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 (hort piftil 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 Abyffinia as a vermifuge. From its fmall- 
nefs, however, and its being very eafily (hed, no great 
quantity of it is ever gathered, and therefore the flower 
is often fubftituted in its (lead. The Abyfiinians, fays 
our author, of both fexes, and at all ages, are troubled 
with the fort of worm called afcarides, 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 cuffo flowers in about two Eng- 
lifh quarts of bouza, or the beer they make of teff (fee 
Teff, Encycl.), and after it has been deeped all night, 
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 
firft branch of leaves fet out, are rings round the trunk, 
of fmall filaments of the confidence of horfe hair : thefe 
are generally fourteen or (ixteen in number, and are a 
very remarkable chara&eriftic belonging to the tree.” 

From this defcription, which, it muft be confeffed, 
is not remarkable for perfpi.cuity, and from an infpeo 
tion of the figure which Mr Bruce has given of the 
cuffo, 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 ; ferving both to 
keep off 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 Chrift ; whence 
it happens that if 3 be added to any given year of Chrift, 
and the fun be divided by 15, what remains is the year 
of the indiftion. 

CYCLOID (fee Encycl.) is a curve, which is thus 
generated : Suppofe a wheel or circle to roll along a 
ftraight 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 or the revolution, have 
defcribed on a vertical plane a cycloid. 

DAGELL1^ 
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Daselet, T\AGELET, the name given by La Peroufe, the 
Dairy. Uf celebrated though unfortunate navigator, to an 

illafid on thecoaft of Corea (fee Corea, EncycL), 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 dillance of a mile without finding 
bottom. This fmall fpot is very Iteep, but covered with 
the fineft trees from the fea-lhore to the fummit. A ram- 
part of bare rock, like a wall, encircles the whole out- 
line of it, with the exception of feven little fandy creeks, 
where it is pofiible to land. In thefe creeks the French- 
men faw upon the (locks fome boats of a conftruAion 
altogether Chinefe ; but the fight of their (hips fright- 
ened the workmen, who (led 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 ifiand 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. 129,3. 2'. from Paris. 

DAIRY is a word which fignifies fometinies the art 
of making various kinds of food from milk ; fometimes 
the place where milk is manufadlured; and fometimes 
the management of a milk-farm. On the dairy, in the 
firft and fecond of thefe fenfes, enough has 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 eftabliflied, the undertaker may 
fometimes think it his intereft to obtain the greated 
pcflible quantity of produce; fometimes it may be more 
beneficial for him to have it of the fined quality ; and 
at other times it may be neceflary to have both thefe 
objects in view, the one or the other in a greater or lefs 
proportion : it is therefore of importance that he (hould 
know how he may accompli(h the one or the other of 
thefe purpofes in the eafied and mod dired manner. 

To be able to convert his milk to the highed pofiible 
profit in every cafe, he ought to be fully acquainted 
with every circumftance 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, 
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that fome kinds give milk of a much thicker confid- 
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 (hewn hereafter 
to be of more importance than is generally imagined. 
The fmall cows of the Alderney breed afford the rich- 
ed milk hitherto known ; 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 refpe-flive qua- 
lities, particular attention mull be paid to the time that 
has elapled 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. T. he colour of the milk, foon after 
calving, is richer than it is afterwards ; but this, Spe- 
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 bell of all. If the tem- 
perature of the climate be fuch as to permit the cows? 
to graze at eafe throughout the day, they (hould be 
fuffered to range on fuch padures 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 proteftion ; 
where, after allowing them a proper time to ruminate^ 
they (hould be fupplied with abundance of green food| 
frefh-cut for the purpofe, and given to them by hand 
frequently, in fmall quantities, fre(h 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 
(hould be allowed to range with freedom all night, du- 
ring the mild weather of fummer. 

Cows, if abundantly fed, (hould be milked three times 
a-day, during the whole of the fummer feafon (a) ; in 
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a) If cows be m'lked only twice in the day (24 hours), while they have abundance of fucculent food their 
will yield a much fmaller quantity of milk, in the fame time, than if they be milked three times Some a.ie j 
tive obfervers think a cow m thefe circumftances, will give nearly as much milk at each time, if milked three' ‘ 
times, as if (he were milked only tw.ee. This faft, however, has not, that we know of, been afeertained b 
periment. There can be no doubt but they give more, how much more is not afeertained ; nor whethei it 

Tc. obne^r;:^heSrfe> “ m,Ik them f0Ur timeS’ °r 0ftenSr; ^ What ^ ‘Went milking;: 
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Dairy, the morning early, at noon, and in the evening, jnit he- 
 v  fore night-fall. In the choice of perfons for milking 

the cows, great caution ihould be employed; for if 
that operat ion be not carefully and properly performed, 
not only the quantity of the produce of the dairy will 
be greatly 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 leflened 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 progrelfion from little to lefs, till 
none at all is produced. In fhort, this is the praftice 
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 diminiihed ; fo that it much behoves the 
owner of it to be extremely attentive to this circum- 
ftance, if he wifhes 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 fervants (b). Its importance will be 
ffill 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 maybe in part known to 
attentive houfewifes, he has reafon to believe are not 
commonly adverted to as their importance deierves. 

“ Of the milk that is drawn from any cow at one time, Aphonfra tjiat wYiich comes off at the hrit is always thinner, and 

^ of a much worfe quality, than that which comes after- 
wards ; and the richnefs goes on continually increafing 
to the very laft drop that can be drawn from the udder 
at that time.” 

Few perfons are ignorant that the milk which is lait 
cf all taken from the cow at milking (in this country 
called Jtroakings) is richer than the reft of the milk ; 
but fewer ftill are aware of the greatnefs of the difpro- 
portion between the quality of the firft.and the laft 
drawn milk, from the fame cowr, at one milking.. The 
following fafts (fay? our author) refpeaing 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, exa&ly of 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 wTas 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 firft-drawn Diary, 
cup was, in every cafe, much fmaller than from that v 

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 (hort 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 thefe 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 the 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. I he 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 confidence, 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 lad 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 
till it throws up cream, that portion of cream which 
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 decreaiing in quantity, and declining inequality, 
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 fad, and 
it will be allowed to be a fad 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 

Aphorifasi 
2. 

(b) Cows fhould always be treated with great gentlenefs, and foothed by mild ufage, efPec‘^!jh^
Cn 

and ticklifli, or when the paps are tender ; in which laft cafe, the udder oug t to e omen e vs 
before milking, and touched with the greateft gentlenefs, otherwife the cow will be in danger of cont g 
habits, becoming ftubborn and unrulyfand retaining her milk ever after A cow never lets down her r^lfeplea. 
fantly to the perfon {he dreads or diflikes. The udder and paps fhould always be waflie wi 
fore milking ; but care (hould be taken that none of that water be admitted into the milking-uai , 
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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 fmaller 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 fa£t that every perfon attentive t.o a dairy 
muft 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 effects of mixing water with the 
milk in a dairy are at lead afcertained ; and the know- 
ledge of this fa£t will enable attentive perfons to follow 
that practice which they think will bell promote their 
own intereft. 

“ Milk which is put into a bucket or other proper 
veffel, and carried in it to any coniiderable 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 diredtly 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 
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- 
tain 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 poffibly 
complete the whole. 

From the above fadls, the following corollaries feem 
to be clearly deducible : 

Fuji. It is of importance that the cows fhould be 
always milked as near the dairy as pofilble, to prevent 
the neceffity of carrying and cooling the milk before it 
is put into the difhes; and as cows are much hurt 
by far driving, it mult be a great advantage in a dairy, 
fai in to have the principal grafs fields as near the dairy 
or homeitead as polfible. 

Secondly. ^ The practice of putting the milk of all 
the cows of a large dairy into one veffel, as it is milked, 
there to remain till the whole milking is finifhed, before 
any part ot it is put into the milk-pans — feems to be 
highly injudicious; not only on account of the lofs that 
is luftained 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, 
lo as to feparate thefe 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 dilcover 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 

[ 475 1 D A I 
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 preciiion which of his 
cows it was his intereft to difpofe of, and which of them 
he ought to keep and breed from. 

Thirdly. It it be intended to 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 butter will be greatly debafed, without much 
augmenting its quantity. It is alio obvious, -that if this 
is done,, the quality 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 wifh to 
be Angularly nice in this refped, will do well to retain 
otdy a very fmall portion of the laft-drawn milk. 

. ri’° owners of dairies who have profit only in 
view, it muft 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 dimi- 
mftiing .its quantity. In different fituations prudence 
will point out different kinds of practice as molt eli- 
gible ; and all perfons muft be left, after making accu- 
rate trials, to determine for themfelves. It is hkewife 
a confideration of no fmall importance, to determine in 
what way the inferior milk, that is thus to be fet apart 
where fine butter is wanted, can be employed with the 
greateft profit. In the Highlands of Scotland they 
have adopted, without thinking of the improvement of 

butter> a very fimple and economical praddice in 
this refpedl. 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- 
longing 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 fepa- 
rately let out, and runs diredly to its mother, where it 
fucks 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 fim- 
ple contrivance, to oblige her to ftand ftill. 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 
m.lk, it is true, but that milk is of an exceeding rich 
quality ; which in the hands of fuch of the inhabitants 
as know how to manage it, is manufadured into the 
richeft marrowy butter that can be anywhere met with. 
This nchnefs or the Highland butter is univerfally a- 
fcnbed to the old grafs the cows feed upon in their 
remote glens ; but it is in fad chiefly to be attributed 
to the prad.ce here defcribed, which has long prevailed 
111 thoie. re,fon^ Whether a fimilar pradice could be 
economically adopted elfewhere, our author takes not 
upon him to fay ; but doubtlefs other fecondary 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 fituation 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, 
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Dairy, would be of a very fine quality if carefully made (c). 
—  ‘ Still other ufes might be deviled for Us application ; 

of which the following is worthy of notice. lake 
common Ikimmed milk, when it has begun to turn lour, 
put it into an upright ftand churn, or a barrel with one 
of its ends out, or any other convenient veflel. Heat 
fome water, and pour it into a tub that is large enough 
to contain with eafe the veflel 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 veflel, and 
a thin watery part that remains at the bottom. Draw 
off the thin part (called in Scotland ‘wigg), by opening 
a flop-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 diftinguifltable from 
it by its fournefs. It is eaten with fugar, and efleemed 
a great delicacy, and ufually fells at double the price of 
freih unlkimmed milk. It requires pra&ice, however, 
to be able to make this nicely ; the degree of the heat 
of the water, and many other circumftances, greatly af- 
fe&ing 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 lafl drawn milk, but alfo to 
take nothing but the cream that is firfl feparated from 
the beft milk, as it is this tirft rifing cream 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 oi an 
inferior quality, as circumftances may direft. 

Fifthly. From the above fads, we are enabled to 
perceive, that butter of the very beft poflible quality 
can only be obtained from a dairy of confiderable ex- 
tent, judicioufly managed ; for when only a fmall por- 
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tion of each cow’s milk can be fet apart for throwing Da: 

up cream, and when only a fmall proportion of that ^ 
cream can be referved, of the prime quality, it fellow's 
(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 
another conclufion, extremely different from the opi- . 
nion that is commonly entertained on this fubjeCt, viz. 
That it feems probable, that the very beft butter could 
be made with economy in thofe dairies only where the 
manufacture of cheefe is the principal objeCt. The rea- 
fons are obvious : If only a fmail portion of milk ihould 
be fet apart for butter, all the reft may be made into 
cheefe, u'hile it is yet warm from the cow, and perfect- 
ly fw'eet ; 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 ftill perfectly fweet, may 
be converted into cheefe with as great advantage near- 
ly as the newly-milked milk itfelf. 

But as it is not probable that many perfons could be 
found who wrould be willing to purchafe the very hneft 
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- 
iing 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 
fourifli), and that cream be afterwards carefully mana- 
ged, the butter thus obtained will be of a quality great- 
ly luperior to what can ufually be procured at market,, 
and its quantity not confiderably leis than if the w'hole 
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fcl The making' of cheefe has never yet been reduced to fcientific principles, and confequently the reafomng 
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, «t 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 moft perfons full more extraordinary, it 
frequently happens that a cheefe that taftes foft and fat is much leaner than one that is hard, dry, and ft.cky. 
The mode of manufaduring it occafions this, and not the quantity of cream it contains. It is very poffible by 
art to make poor Ikim milk cheefe affume the foft buttery tafte and appearance even of cream cheefe. I his iub- 
jeft, therefore, deferves to be more particularly elucidated than it has hitherto been. „ , f . 

Conneaed 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 at- 
fordedby milk neceffarily conneaed with the proportion of cream that milk contains, or does it depend upon 
fome other principle not hitherto inveftigated ? Without pretending to decide this queftion, Dr Andeifon feels 
himfelf 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 fingular 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 awe-milk, but it always affords a much iinadcr proportion of curd. From t e e con 1 

derations, it is not impoflible but it might be found, upon a caretul inveftigation, that the refufe mi > 1C _ou? ^ 
to be feparated from the other in making the beft butter, might be equally proper, or very near y o, or ma- 
king cheefe, as if no fuch feparation had been made. We therefore recommend this as a proper objedt ot expe^ 
ritnental enquiry. 
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ShJia’ac. of the milk had been treated alike. This, therefore, is 
’““'v the pra&ice that our author thinks rnoft 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 requisites 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 iubjedt elfewhere, and muff therefore 
refer fuch as are dtfirous to know the Doftor’s fenti- 
inents on it, to 'The Tetters and Papers of the Bath and 
IVe/1-of England Society for the encouragement of agri- 
culture, &c. or to the eighth volume of The Repertory 
of Arts and Manufactures. 

D AHA LAC, the largeft 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 deftitute of all forts of 
herbage, at lead in fummer, unlefs a fmall quantity of 
bent grafs, jud fufficient to feed the few antelopes and 
goats that arc on the ifland. There is a very beautiful 
fpecies of this lad animal found here, fmall, fhort-hair- 
ed, with thin black fliarp 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 Abyffinia, 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 hebruary, there are violent ihowers 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 Perfians; 
it is more probable they were thofe of the fird Ptole- 
mies. But whoever were the condruCfors of thefe mag- 
nificent refervoirs, they were a very different people 
from thofe that now' poffefs them, wdio 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 w a firing 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, fcr 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 furnifli 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 fuftenance of the poorer fort is entirely 

fliell and other nfh. Their wives and daughters are 
very bold and expert fiiherwomen. Several of them, en- 
tirely naked, fvvam off to the veffel before it came to an 
anchor, begging handfuls of wdieat, rice, or dora. They 
are very importunate and durdy beggars, and not eafily 
put off with denials. Thefe miferable people, who live 
in the villages not frequented by barks from Arabia, 
are fometimes a whole year without lading bread. Yet 
fuch is the attachment to their place of nativity, they 
prefer living in this bare, barren, parched fpot, ai- 
med in want of neceflaries of every kind, efpecially of 
thefe effential ones, bread and water, to thofe pleafant 
and plentfful countries on both lides of them. 

There are in Dahalac twelve villages or towns, of 
which each has a plantation of doomtrees round it, 
which furniih the only manufafture in the ifland. The 
leaves of this tree, when dried, are of a gloffy white, 
which might very eafily be miffaken for fattin : of thefe 
they make bafkets of furprifing beauty and neatnefs, 
daining part of the leaves with red or black, and work- 
ing them into figures very artificially. Our author knew' 
fome of thefe, reiembling draw-bafkets, continue full of 
water tor 24 hours, without one drop coming through. 
1 hey fell thefe at Loheia and Jidda, the larged of them 
for four corrmefh, or lixpence. This is the employment, 
or rather amufement, of the men who day 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 his 
relations, men privileged to be idle, and never expofed 
to the lun, are of a brown complexion. But the com- 
mon fort employed in fifhing, and thpfe 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 Ample, 
fearful, and inoffenlive 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 wras 
not always the cafe at Dahalac ; feveral of the Portu- 
guefe, 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 infe&ed. He did not obferve 
among them a man that feemed to be iixtv years old ; 
from which he inferred that they are not long livers, 
though the air fliould 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 Red Sea, 
depends upon Mafuah. T. he 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 finall mo- 
ney is current at Dahalac, excepting Venetian glafs. 
beads, old and new, of all lizes 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 flourifned 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 furnifhed the pearl 
hfhers 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 Maiuah paffed 
part of every furmner here, to avoid the heat at his 
place of refidence on the continent. 

The tifliery 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 furnifhed 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- 
gunnahy 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 largefl: fize, and in- 
feriot^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 conflder- 
able profits. But the immenfe treafures in the bottom 
of the Red Sea have now been abondoned for near 2CO 
years, though they never were richer in all probability 
than at prefent. No nation can now turn them to any 
profit but the Englifh Eafl India Company, more in- 
tent on multiplying the number of their enemies, and 
weakening themfelves by fpreading their i n con fide r able 
force over new conquefts, than creating additional pro- 
fit by engaging in new articles of commerce. A iettk- 
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 
let the commerce of pearls and tortoife (hell on foot 
again. All this fedfion of the gulf from Suez, as we are 
told, is in their charter, and twenty (hips 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 poflef- 
fion of the weak king of Adel; an ufurper, tyrant, and 
Pag^n, without protedfion, and willing to trade with 
any fuperior power that only would fecure him a mifer- 
4able livelihood. 

There are jjeither horfes, dogs, fheep, cows, nor any 
fort of quadruped but goats, affes, a few half-ftarved 

camels, and antelopes at Dahalac, which laft are very Da'ryai- 
numerous. The inhabitants have no knowledge of fire- P*e 

arms, and there are no dogs nor beafts of prey in the v" "‘"J 

ifland to kill them; they catch indeed fome few of them 
in traps. 

The language at Dahalac is that of the fhepherds, 
though Arabic, too, is fpoken by moil of them. Our 
author {fates the latitude of Dahalac to lie between 1 
27' 30", and 150 54' 30' north. 

DALRYMPLE (Sir David), was born in Edin- 
burgh on the 2*th of Odlober (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 have 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 fubjedt of this memoir was educated at Eton 
fchool, where he was diftinguifhed as a fcholar, and long 
remembered as a virtuous and orderly youth. In that 
juftly celebrated feminary he acquired a clafilcal tafte, 
which, though it was once prevalent in Scotland, has 
in that country been long on the decline ; and formed, 
belldes, 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 condudf and private con- 
verfation, and was the fource of much of his 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 expeftations were entertained of his fu- 
ture eminence; and in fome refpefts 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 fifiers, 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, 
notwithftanding the elega.Tt propriety of the cafes which 
he drew, it muft 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 Alining as an orator. No wonder, then, 
that his pleadings, which were never addreffed to the 

paffions. 
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Dalrym- paffions, did not rival thofe of fome of his opponents, companied him to the bench, and brought upon him Da’rym- 

pie. who, pofTeifed of great rhetorical powers, did not, like the ridicule of the wits about the court (a) : and we P*e' 
' 'v him, employ ftrokes of irony too fine to be perceived all know, that the ehara&er even of Socrates himfelf ' 

by the bulk of any audience, but exprefied themfelves was not able to refift the torrent of ridicule. In exte- 
rn full, clear, and harmonious periods. Even his memo- nuation of this foible, it may be obferved, that by fome 
rials, though claffically written, and often replete with of the judges of the court of feffion perhaps too little 
valuable matter, did not on every occafion pleafe the regard has been paid to form ; and that forms, even ap- 
court ; for they were always brief, and fometimes, as it patently trifling, cannot in legal proceedings be wholly 
was faid, indicated more attention to the minutiae of difregarded without involving in danger truth and juf- 
forms than to the merits of the caufe. Yet on points tice. Be this as it may, fuch was the opinion which 
which touched his own feelings, or the interefts of truth the other judges entertained of Lord Hailes’s accuracy, 
and virtue, his language was animated, his arguments diligence, and dignified manners, that, in the abfence of 
forcible, and his fcrupulous regard to form thrown afide. the prefident, they generally voted him into the vacant 

H e was fometimes employed as a depute advocate, chair, 
which gave him opportunities at the circuits of difplay- In May 1776 he was appointed one of the lords 
ing that candour and tendernefs of difpofition which fo commifiioners of julliciary; and in that ftation he corn- 
well becomes the public profecutor in a criminal court, manded the refpedt of all mankind. Fully imprefied 
Of this the following inftance may be worth relating, with a deep fienfe of the importance of his office, he 
On the firft day of the court at Stirling, he was once feemed, in the criminal court, to lay afide his fingulari- 
accofled by another advocate in thefe words : “ Sir ties. So far from throwing his whole weight into the 
David, why is there not a trial this forenoon ? J would fcale of the crown, a charge which has been fometimes 
be getting on,” “ There are (replied he) fome unhappy brought, we believe unjuftly, againft the Scotch judges, 
culprits to be tried for their lives; and therefore it is Lord Hailes, like the judges of England, was always 
proper that they have time to confer with their men of counfel for the prifoner when the king’s counfel appear- 
law.” “ That is of little confequence (faid the other), ed too Itrong for their opponents, or when there was 
Laft year I came to vifit Lord Karnes when he was any particular intricacy in the cafe. In adminiftering 
here on the circuit, and he appointed me counfel for a the oath to the witneffes, he had none of that indeco- 
man accufed of a rape. Though I had very little time rum which we have elfewhere cenfured in fome of his 
to prepare, yet I made a decent fpeech.” “ Pray, Sir, brethren (fee Oath, EncycL)-, but riling folemnly from 
(faid Sir David), was your client acquitted or con- his feat, he repeated the words in fo ferious a manner, 
detuned ?” “ O (replied the other), moll unjuftly con- as left no doubt in the moll profligate mind but that 
detuned.” “ That, Sir, (faid the depute advocate) is he was himfelf imprelfed with a fenfe of the immediate 
no good argument for hurrying on trials.” prefence of the Supreme Being, and with the firm be- 

To return from this digreffion, if it be confidered as lief of a future judgment. When the witnefs appeared 
fuch, it is furely to the honour of Sir David Dalrymple, to be young or ignorant, we have beheld, with the ut- 
that whatever men thought of his Angularities, his de- moll love and veneration, the pious pains which his 
traddors concurred with his admirers in believing him Lordffiip took to difeover. whether he was duly ac- 
incapable of mifleading the judge by a falfe ftatement of quainted with the nature and obligation of an oath, be- 
fadls ; or his clients, by holding out to them fallacious fore he admitted him to fwear; and though it is per- 
grounds of hope. haps impoffible for human vigilance and fagacity to pre- 

His high fenfe of honour, and his inflexible iutegri- vent perjury altogether in courts of juftica, he mult 
ty, were indeed univerfally admitted ; and it was with furely have been a villain uncommonly hardened and art- 
the warmeft approbation of the public, that in 1766 he ful who could perjure himfelf in the prefence of Lord 
was appointed one of the judges of the court of feffion, Hailes. In doubtful cafes his Lordftu'p inclined always 
the higheft civil tribunal in Scotland. He took his to the fide of mercy ; but when it became his duty to 
feat on the bench, according to the ufage of that court, pafs.fentence of death upon convidled criminals, he ad- 
by the title of Lord Hailes, the delignation by which dreffed them in a llrain of fuch piety and commifera- 
he is generally known among the learned of Europe ; tion, as to draw tears from the eyes of every beholder, 
and the expectations entertained of him were again fan- and was calculated to make a deep and proper impref- 
guine. His unwearied affiduity in lifting dark and in- fion on the unhappy perfon himfelf. In the difcharge 
tricate matters to the bottom was well known ; his ele- of this painful duty, we never faw him furpafled, and 
gant and concife manner of expreffing his fentiments have feldom feen him equalled. 

/ was admirably fuited to the character of a judge ; and Had Lord Hailes been confpicuous only as a found 
his legal opinions had been generally found. Yet it lawyer and an able and upright judge, we Ihould not 
muft be confefled, that as a judge he was neither fo ufe- have thought his life intitled to a place in this Work • 
ful nor fo highly revered as he ought to have been from but he was no lefs eminent as a man of general erudi- 
the extent of his knowledge, and his unqueftioned in- tion, and as a voluminous author. His lb'll in claffical 
tegrity. The fame minute attention to forms, which learning, the belles lettres, and hiftorical antiquities^, 
had in feme degree obftru&ed his rife at the bar, ac* efpecialiy 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- 
licifm, 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. 

1 
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Dalrym. ted; but it cannot be denied, that the fame faftidiouf- 

P1^ ( nefs, and the fame microfcopic attention to minutiae, 
which charadlerifed him as a barrifter, prevented him 
from rifing 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 molt 
celebrated writers of the age, he was unqueftionably one 
of the molt virtuous ; if his publications were not al- 
ways edifying, they were at lead innocent and ingeni- 
ous ; and fome of them are in the higheft degree valu- 
able. In proof of this affertion, we need inltance only 
his Annals of Scotland, and his Inquiry into the Seconda- 
ry Caufes which Mr Gibbon has ajftgned for the Rapid 
Progrefs of Chriflianity. Of tine former of thefe works, 
though little calculated to pleafe 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, 
clofenefs of reafoning, and zeal for the caufe of truth, 
without the ufual rancour of theological controverfy. 

His tafte for retirement, which the (late of his af- 
fairs rendered for a while neceffary, 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 diflipation of every kind. After 
he was made a judge, he confidered abllraftion from 
the gay and fafhionable world as connedted 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 he feledled as much for 
their worth and good humour as for their genius or 
their learning. He had indeed occalionally much con- 
verlation with that conllellation of wits and men of 
fcience who fiourhhed in Edinburgh at the fame period 
with himfelf; but it was impolhble for friendfnip or in- 
timacy to fubfilt between men who thought fo diffe- 
rently as he and they thought on the molt important of 
all fubjedts. Though an old-falhioned whig, zealoully 
attached to the conilitution, he fcorned to take any 
fhare in the civil or ecclefiallical broils in which fome 
of his brother judges were warmly engaged for the firil 
20 years of the prefent reign ; for he looked on thefe 
as either frivolous or mifchievous. 

Although his Lordfhip’s conilitution had been long 
in an enfeebled Hate, he profecuted his ftudies, and at- 
tended his duty on the bench, till within three days of 
his death, which happened on the 29th of November 
\ 792, in the 66th year of his age. 

His Lordlhip was twice married ; by his firil wife 
Anne Brown, only daughter of Lord Coallton, one of 
the judges of the court of fefiion, he left iffue one 
daughter, who inherits the family ellate. His fecond 
marriage (of which alfo their is iffue one daughter) was 
to Helen Ferguffon, youngeit daughter of Lord Kilker- 
ran, who has the a filiation to furvive him. Leaving 
no male ilfue, the title of Baronet defcends to his ne- 
phew. 

Though the church of Scotland does not much en- 
courage funeral difcourfes, a very laudable endeavour 
was made to render the talents and virtues of Lord 
Hailes a theme of inftrudlion to mankind, in a fermon 
preached foon after his death in the church of Inverelk, 
by his learned friend and venerable pallor Dr Carlyle ; 

from which we (hall tranfcribe a fummary view of hia Dalrym. 
charadler as a judge, a fcholar, a Chritlian, and a citi- P*6, 

zen. u*—y—wi 
“ His knowledge of the laws was accurate and pro- 

found, and he applied it in judgment with the moll 
fcrupulous integrity. In his proceedings in the crimi- 
nal court, the iatisfadlion he gave to the public could 
not be furpaffed. 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 expreflion, that 
made condemnation feem juft as the doom of Provi- 
dence to the criminals themfclves, and raifed a falutary 
horror of crimes in the breall of the audience. 

“ Confcious of the dignity and importance of the 
high office he held, he never departed from the deco- 
rum that becomes that reverend charadler ; which in- 
deed it coll him no effort to fupport, becaufe he ailed 
from principle and fentiment, both public and private. 
Afteitionate 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 hillory 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 mull add, however, that his attendance 
on religious ordinances was not merely out of refpedl to 
the Lws and for the fake of example (motives which 
Ihould never fail to have influence on perfons of fuperior 
rank, for the moll obvious reafons), but from principle 
and convi&ion, and the moll confcientious regard to his 
duty ; for he not only pra&ifed all the virtues and cha- 
rities in proof of his faith, but he demonllrated the fm- 
cerity of his zeal by the uncommon pains he took to 
illuftrate primitive Chrillianity, and by his elaborate 
and able defences of it againft its enemies. 

“ His profound refearches into hiitory, and his tho- 
rough knowledge of the laws, made him perfedlly ac- 
quainted with the progrefs of the conftitution of Bri- 
tain, from the iirft 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 efta- 
blilhment of parliaments, through all its viciffitudes and 
dangers, till at lail, by the bleffing of divine Providence, 
which brought many wondertul events to concur to the 
fame end, it was renewed, llrengthened, and finally con- 
firmed by the Revolution. 

“ It was this goodly and venerable fabric of the Bri- 
tifh conilitution which the deceafed moll refpedlable 
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. 

“ 111 indeed can the times bear the lofs of fuch an 
affedlionate 
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affe£Honate patript and able guardian of the laws of his 

  country. But we muft not murmur at the will of Pro- 
vidence, which in its mercy ‘ 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 ‘ he faw the wicked rage, and the people imagine 
a vain thing.’' 

Such is the ipemorial 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 Lordlhip’s acquaintance, and are 
what he was, friends to the beft interefts of mankind. 

This Iketch of the life of Lord Hailes would be more 
imperfea than even it is, if we could not fubjoin to it 
a catalogue of his publications, of which the greater 
part are exceedingly curious. We call them publica- 
tions^ becaufe he employed almoft as much of his time 
in lepubhfhing old and ufeful books as in preparing for 
the prefs his own valuable works. 

Befides his effays in the papers called The World 
The Mirror, which are well known and univerfally ad- 
mired, his Lordfhip pubhfhed the following works \ 

Sacred Poems, or a Colleaion 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 Sirach, or Ecelefiafticus, i2mo, Edin. 1755. 

Selea Difcourfes (in number nine), by John Smith, 
late Fellow of Queen’s College, Cambridge, i2mo, 
291 pages. Edin. 1756; with a preface of live pages, 

many quotations from the learned languages tranfla- 
ted,—and notes added, containing allufions to ancient 
mythology, and to the erroneous philofophy which pre- 

ln t^e t^ie 3uth°r>—various inaccuracies of ttyle have been correfted, and harfh expreffions 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, j2mo, 
*757- 

A Sermon, which might have been preached in Eaft 
Lothian upon the 25th day of O&ober 1761, on Adis 
xxvni. I, 2. “ The barbarous people (hewed us no 
little kindnefs.” Edin. 1761, pp. 25, i2mo. “ Oc- 
caiioned by the country people pillaging the wreck of 
two veflels, viz. the Betfy, Cunningham, and the Leith 
Packet, Pitcairn, from London to Leith, caft away on 
the (bore between Dunbar and North Berwick. All 
the paftengers on board the former, in number 17, pe. 
nfhed ; five on board the latter, Odlober 16. 1761.”-- 
A moft alfeaing difcourfe, admirably calculated to con- 
vince the offenders! 

Memorials and Letters relating to the Hiftory of 
Britain, in the reign of James 1. publiftied from the 
originals, Glafgow, 1 762—Addreffed to Philip Yorke, 
Vifcount Roy (Ion, pp. i5r. “ From a colledlion 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 colledled together in 3 vols, Glaf 

I7?5; Preface of three pages. Dedicated to illiam (Warburton), Bifhop of Gloucefter. “ The 
Suppt. VoL. I. Part IT. 
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edition faid to be undertaken with his approbation ; 
obfolete words altered, with corredlions in fpelling/and 
pundluation.” 

A fpecimen of a book entitled “ Ane Compendious 
Booke of Godly and Spiritual Sangs, colledlit out of 
fundrie parts of the Scripture, with fundrie of other Bal- 
lades changed out of prophaine Sanges, for avoyding of 
Sin and Harlotrie, with augmentation of fundry Gude 
and Godly Ballates, not contained in the firft edition. 
Edinburgh, printed by Andro Hart.” i2ino. Edin. 
17l^5’ PP- 42 5 with a Gloflary of four pages. 

Memorials and Letters relating to the Hiftory of 
Britain in the reign of Charles I. publiffted from the 
originals, Glafgow, 1766, pp. 189. Preface of fix 
pages, figned Dav. Dalrymple, chiefly colledled by Mr 
Wodrow, author of the Hiftory of the Church of Scot- 
land. Infcribed to Robert Dundas of Arnifton, 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 colledled from various books ; fome of them now 
firft pubhfhed, communicated by the tutors of the Duke 
of Hamilton, by the Earl of Dundonald, &c. The 
preface of four pages, figned Dav. Dalrvmple, 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. 
llitution of the College of Juftice in the year 1532 
with Hiftoncal Notes. Suum cuique— rebendet pojlerifas, 
Edin. 1767, 4to, pp. 26. 

. The Private Correfpondence of Dr Francis Atter- 
bury, Bifhop of Rocheiler, and his friends, in 172c, ne- 
ver before publifhed. Printed in 1768, 4to. Adver- 

ucnn,J?p- ^.,Letters’ PP- IO- Afac Me of the firft from Bifhop Atterbury to John Cameron of 
Lochiel, to prove their authenticity. 

An examination of fome of the Arguments for the 
High Antiquity of Regiam Majejlatem ; and an In- 
juiry into the authenticity of the Leges Malcolmi ; by 
Sir Dav!d Dalrymple, 4to, pp. 52. Edin. ire9. 

Hiftoncal Memoirs concerning the Provincial Coun- 
cils of the Scottifh Clergy, from the earlieft Accounts 
to the iEra of the Reformation ; by Sir David Dal- 
rymple. Edinburgh, 1769, 4to, pp. 4   Not a. Ha- 
ving no high opinion of the popularity of his writinFS, 
he prefixes to this work the following motto : “ Si de- 
ledlamur quum feribimus quis eft tarn invidus qui ab eo 
nos abducat ? fin laboramus quis eft qui alieme medum 
ftatuat induftnas. —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. 43. 

Ancient Scottifh Poems, publifhed from Ihe MS of 
George Bannatyne. 1568. Edin. 1770, I2mo. pre. 
face fix pages; Poems pp. 22, ; very curious notes 
pp. 92; gloffary and lifts of paffages and words nQt 
underftood, pp. r4. 

The additional cafe of Elizabeth, claiming the title 
and dignity of Countefs of Sutherland; by her Guar- 
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dians. Wherein the fafts and arguments in fupport of undoubted, 
her claim are more fully Hated, and the errors m the 

' additional cafes for the other claimants are detefted, 
4to. This Angularly learned and able cafe was^lub- 
fcribed by Alexander Wedderburn (prefentLord Chan- 
cellor), and Sir Adam Ferguffon, 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 tieatife 
of profound refearch into the hiftory and antiquity oi 
many important and general points of fucceffion and 
family hiilory. Introduction, pp. 21 ; the iirft fom 
chapters pp. 70 ; the fifth and fixth chapters pp. 177/ 

Remarks on the Hlftory of Scotland, by Six David 
Dalrymple.—“ Utinam tarn facile vera invenire poffem 
quam falfa convincere,’, Cicero.—Edin. I773> iuLtibed 
to George Lord Lyttleton, in nine chapters, pp. 284. 
l2mo. 

Hubert! Langueti Epiftol* ad Philippum Sydnemm 
Equitem Anglum, accurante D. Dalrymple de Hailes, 
Eq. Edinburgh, 1776, 8vo. Infcribed to I>ord Chief 
Baron Smythe.—Virorum Eruditorum dTeftimonia de 
Langueto, pp. 7. Epiltolae, pp. 289* Index Nominum, 

^An'nals of Scotland, from the Acceffion of Malcolm 
III. furnamed Canmore, to the Acceflion of Robert I. 
by Sir David Dalrymple. Edin. 1776, pp. 311. Ap- 
pendix, pp. 51. r o 1 J 

Tables of the Succeffion of the Kings of Scotland, 
from Malcolm III. to Robert I. their marriages, chil- 
dren, and time of their death ; and alio of the Kings 
of England and France, and of the Popes who were 
their contemporaries. * 

Chronological Abridgement of the Volume, pp. 30. 
The Appendix contains eight diiTertat ions : 1. Of the 
law of Evenus and Mercheta Mulierum, pp. 17. 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. Or Walter 
Stewart Earl of Menteeth, 1296, pp. 7. 6. Of M‘Duff, 
flain at Falkirk in 1298, pp. 3. 7- 0f the death 

John Comyn, 10th February, I3°5’ 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 oi the Pioufe 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. 
3327, pp. 9. 3. Of the genealogy of the family oi 
Seton in the 14th century. 4. Lift of the Scottifh 
commanders at the battle of Hallidon, 19th Ju.y 
pp. it. $. Whether Edward III. put to death the 
fon of Sir Alexander Seton, pp. 8. 6. Lift of the 
Scottiffi commanders killed or made prifoners at tne 
battle of Durham, pp. 8. 7. Table of kings, p. 1. 
8. Corre&ions and additions to volume i. pp. 16. Chio- 
nological abridgement of the volume, pp. 39. 

Account of the Martyrs of Smyrna and Lyons, in 
the 2d century, i2mo,' with explanatory notes, atdin. 
3776. Dedicated to Biihop Hurd, pp. 68. Notes and 
iiluilrations, pp. 142. This is a new and correft ver- 
fion of two moft ancient epiftles, the one from the cnurch 
at Smyrna to the church at Philadelphia ; the other 
from the Chriftians at Vienna and Lyons to thofe in 
Afta and Phrygia—their antiquity and authenticity are 

DAL 
Great part of both is extrailed from Eu- 

febius’s Ecclefiaftical Hiftory. The former was firft __ 
completely edited by Archbilhop Ufiier. The author ~ 
of the notes fays of them, with his ufual and lingular 
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 poflefled in thefe branches is^ o rare, that this 
notice is unneceffary. They difplay much ufeful learn- 
ing and ingenious criticifm, and breathe the moft 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. 177^* I 2mo. Dedicated to Dr 
Newton biihop of Briftol. Preface, pp. 7. This vo- 
lume contains the trial of Juftin Martyr and his com- 
panions, pp. 8. Epiftle of Dionyfius biihop of Alex- 
andria, to Fabius biihop of Antioch, pp. 16. I he- 
trial and execution of Cyprian bilhop of Carthage, pp. 
8. The trial and execution of Fru&uofus biihop ot 
Tarracona in Spain, and of his two deacons, Augurius 
and Eulogius, pp. 8. The maiden of Antioch, pp. 2. 
Thefe are all newly tranfiated by Lord Hailes from Rui- 
nart, Eufebius, Ambrofe, &c.' The notes and illuftra- 
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 
conduct as are conformable to the word of God, againft 
the malicious farcafms of Mr Gibbon, lo this volume 
is added an Appendix of pp. 22, correaing and vindica- 
ting certain parts of vol. i. t ... 

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 in 
the third century, tranllated from Eulebius, pp. 94* 
Notes and illuftrations, pp. 135 ; in which Mr Gibbon 
a'jain comes, and more frequently, under review. The 
partiality and mifreprefentations of this popular wntei 
are here expofed in the calmeft and moft fatisfaclory 
manner. . , , 

Pity it is that Lord Hailes fiiould have printed and 
publifhed tbefe valuable volumes, and indeed moft of 
bis other works, at his own expence ; and diiperfed 
them fo liberally to his friends, that they have been 
little circulated among any other. . 

Octavius, a Dialogue, by Marcus Mmucius Felix. 
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 Pagannm and 
become a Chriftian profelyte. Notes and illuftrations, 
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pp. 120. , 
Of the Manner in which the Perfecutors died ; a 

Treatife, by L. C. F. LaCftantius, Edin. 1782. In- 
fcribed to Dr Porteous bifliop 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. Laftantii Divinarum Inftitutionum Riber 
Quintus feu de Juftitia, 1777* . . f • 

Difquifitions concerning the Antiquity of the C m- 
ftian Church. Glafgow, 1783. Infcnbed to Dr Ha- 
lifax biihop of Gloucefter, pp. 194*—fhis ougl“ 
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Dalrym- nal and mo£l excellent work confills of fix chapters. 

Pie* Chap 1. A commentary on the conduct and charafter 
of Gallic. AAs xviii. 5, 12, 17.—Chap. 2. Of the 
time at which the Chriftian religion became publicly 
known at Rome.—Chap. 3. Caufe of the perfecution 
of the Chriftians under Nero. In this the hypothefis 
of Mr Gibbon, vol. i. 4to, p. 641, is examined.— 
Chap. 4. Of the eminent Heathen writers who are 
laid (by Gibbon) to have difregarded or contemned 
Chriftianity, viz. Seneca, Pliny fen. Tacitus, Pliny jun. 
Galen, Epictetus, Plutarch, Marcus Antoninus. To 
the admirers of Heathen, philofophers, and to thofe ef- 
pecially who ftate between them and the Chriftian doc- 
trine any confanguinity, this chapter is earneftly recom- 
mended.— Chap. 5. Uluftration of a conjecture by Gib- 
bon, refpetting the filence of Dio Caffius concerning 
the Chriilians. In this chapter, with extreme impar- 
tiality, he amplifies and fupports an idea of Mr Gibbon 
on this head. Chap. 6. Of the circumfiances reipett- 
ing Chrillianity that are to be found in the Auguitan 
hiftory. 

It feems very probable that the clofe attention which 
Lord Hailes appears to have given to fuch fubjedts, was 
in forne meafure the effedt'of the miftakes and partiality 
of Gibbon. In no one work from 1776, the date of 
Mr Gibbon’s iirft publication, has he omitted to trace 
this unfair and infinuating author; but in 1786 he 
came forth of fet purpofe with the molt able and for- 
midable reply which he has received, intitled, “ An 
Inquiry into the Secondary Caufes which Mr Gibbon 
has alfigned for the rapid growth of Chriftianity ; by 
Sir David Dalrymple.” Edin. 1786; gratefully and 
affedtinnately infcribed to Richard (Hurd) Bilhop of 
Worcefter, 410, pp. 213. In five chapters. 

Sketch of the Life of John Barclay, 4to, 1786. 
Sketch of the Life of John Hamilton, a Secular 

Prieft, qto (one of the moll 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 Guftavus Adolphus king of 
Sweden, with a head. 

Life of George Leflie (an eminent capuchin friar in 
the early part of the 17th century, qto, pp. 24. 

Sketch of the Life of Mark Alex. Boyd, 410. 
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 feledfed 
purpofely the leaft interefting. 

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 he corredts the fplenetic partiality of her 
Grace). 

The Addrefs of Q_. Sept. Tertullian to Scapula Ter- 
tullus, Proconful of Africa, tranflated by Sir David 
Dalrymple, 1 2mo. Edin. 1790, infcribed to Dr John 
Butler, bifliop of Hereford ; preface, pp. 4 ; tranfla- 
tion, pp. 18 ; original, pp. 13 ; notes and illuftrations, 
PP* 135' r . . , , . 

This addrefs contains many particulars relating to 
the church after the third century. The tranflator has 

rejected all words and phrafes of French origin, and Dalrym* 
written entirely in the Anglo Saxon dialed!. In the ple> 
courfe of the notes many obfcurities of the original, not 1)alCy* 
adverted to by other commentators, are explained. 
Some ftrange inaccuracies of Mr Gibbon are alfo de- 
te&ed, not included in the mifreprefentations of his two 
famous chapters. 

This was the laft work of this truly learned, refpedl- 
able, and ufeful man. Whether he left behind him any 
thing elfe finifhed for the prefs, 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 verfe contained in it in the 
writings of the firft three centuries. This feems in- 
deed to have been an objedt in all his works ; for, at 
the end of each of his tranfiations and editions of the 
primitive Chriftian writers, a table is given of paflages 
quoted or mentioned by them. If his Lordlhip com- 
pleted any work of this kind, it ftiould not be with- 
held from the public. We may indeed be told that its 
utility is in a great meafure fuperfeded by the laborious 
colledtions of Lardner (b), and the more elegant work 
of Paley (c) ; but not to mention the prejudices gene- 
rally entertained againft Lardner on account of his evi- 
dent bias to Unitarianiim, it would furely be proper, in 
the prefent age of wild opinions, to ftiew the multitude, 
who are guided by authority, how important a fubjedl 
the Chriftian religion was deemed by this learned and 
accomplifhed layman. 

DARCY (Count), an ingenious philofopher and ma- 
thematician, was born in Ireland 111 the year 17 ty ; 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 he [pent the left of 
his life. Giving early indications of a. genius tor icience, 
he was put under the care of the celebrated Claiiaut 
(fee Clairaut, Encycl ), under whom tuition he im- 
proved fo rapidly in the mathematics, that at 17 years 
of age he gave a new folution t>f the problem concern- 
ing the curve of equal preffure in a refilling medium. 
This was followed the year after by a determination of 
the curve defcribed by a heavy body, Aiding by its own 
weight along a moveable plane, at the fame time that 
the preffure of the body caules a hoiizontal motion in 
the plane. 

Though Darcy ferved in the war of 1744, he found 
leifute, during the buftle of a military life, to fend two 
memoirs to the academy : the firll 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 aftidn. He was taken prifoner 
in this war by the Englifti ; and fuch was either the 
refpedl 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 fubjed fighting for his king and his 
country. 

In 1760, Darcy publifhed An Effay on Artillery, 
containing fome curious experiments on the charges of 
gunpowder, &c. &c. and improvements on thofe of the 
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(b) See Ins Credibility of the G of pel Hijlory, and other works, in n vols 8vo. 
(c) See his Evidences of the Chri/lian Religion, in 2 vols 8vo. 
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ingenious Robins; a kind of experiments which our au- 
thor carried on occafionally to tiie end of his lue. In 
1-769, 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 tenfation attend- 
ed with confcioufnefs or marking its prefence, other- 
wife than by weakening the bnghtnefs of the objea; 
which it may chance to cover in its pafiage. If in 
this work he fhall be thought to have taken hints from 
Dr Hartley, 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 caufe to 
be afhamed of being indebted to him ; for all his works 
<difplay in an eminent degree the union of genius and 
philofophy ; but as he meafured every thing upon the 
largelt fcale, and required extreme accuracy in experi- 
ment, neither his time, fortune, nor avocations, allow- 
ed him to execute more than a very fmall part of what 
he projected. 

In his difpofition, Darcy was amiable, fpirited, live- 
Iv, and a lover of independence ; a pafiion to which he 
nobly facrificed, even in the midft of literary fociety.— 
He died of a cholera morbus in 1779* 54 of 
a^e. He was admitted of the French academy in 1749» 
and was made penfioner-geometrician in 177c. His 
eflays, 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’ I747> *749’ x75c’ 
I751’ l152> *753’ *754’ 1759t J7^S> anc* 
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- 
lyfis. In general, a thing is faid to be given which is 
either a£tuallyr exhibited or can be found out, that is, 
which is either known by hypothefis, or that can be 
demonftrated to be known : and the proportions 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- 
monftrated 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 comportions of the data which were em- 
ployed in the analyfis. And thus the data of Euclid 
are of the moft general and neceffary ufe in the folution 
of problems of every kind. 

Marinus, at the end of his preface to the data, is  —   v .' . . # r 
miilaken in afcting that Euclid has not ulid the fyn- Thus, the fign Aries be.ng the exaltat.ou of the fun, 
thetical, but the analytical method in delivering them : the oppofite fign Libra is its dejcftion 

comes the analyhs of the problem. Smpfon’s Preface to DeeimaU 
his Edition of the Data. 

Circulating DECIMALS, called alfo recurring 
or repeating decimals, are thofe in which a ftgure or feve-, 
ral figures are continually repeated. They are diftin- 
guiftted 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, Bcc. and is marked thus *2. 

A pure multiple circulate is that in which feveral fi- 
gures are continually repeated ; as-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 49,524. 

That part of the circulate which repeats is called the 
repetend; and the whole repetend, fuppofed infinitely 
continued, is equal to a vulgar fraftion, whole numera- 
tor is the repeating number or figures, and its denomi- 
nator the fame number of nines : fo .2 is = ^ ; and *23 
is — ; and *524 is = 

It feems it was Dr Wallis who firft diftin&Iy 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 Meffrs Brown, Cunn, 
Martin, Emerfon, Malcolm, Donn, and Henry Clarke ; 
in whole writings the nature and pra&ice of this art 
may be fully feen, efpecially in the laft mentioned inge- 
nious author. 

DEFERENS, or Deferent, in the ancient aftro- 
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 Ihfp 
from her true courfe by reafon of currents, &c. which 
turn her out of her right way. It is likewife applied 
by attronomers 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 aftrology, 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 counteraCl them. Or it is ufed when 
a planet is in a fign oppofite to that in which it has its 
greateft effedft or influence, which is called its exaltation. 

for though in the analyfis of a theorem, the thing to 
be demonftrated is aflumed in the analyfis ; yet in the 
demonftrations of the data, the thing to be demonftia- 
ted, which is, that fomething is given, is never once af- 
fumed in the demouftration ; from which it is manifeft, 
that every one of them is demonftrated fynthstically : 
though indeed if a propofition of the data be turned 
into a problem, the demonftration of the propoiition be* 

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 inftrument for meafuring trees, of which 
the reader will find a defeription in the Encyclopaedia 
Britannica. The fame name has been lately given, by 
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William Pitt, Efq; of Pendeford near Wolverhamp- 
ton, to an inftrument propofed by him for meafuring 
diftances by one obfervation. 

The idea of fuch an inftrument is not new. It has 
been frequently difcufled, both in converfation and upon 
paper; but has been generally treated by found mathe- 
maticians with contempt, on the fuppofttion of its be- 
ing founded on falfe principles. Of all this our author 
is fully aware ; but he, notw-ithftanding, ftrongly re- 
commends it to the attention of the ingenious mathe- 
matical inftrument maker. 

To determine diftances by one obfervation, two me- 
thods may be propofed, founded on different principles; 
the one on the fuppoiition of the obferver being in the 
centre, and the objedl in the circumference, of a circle ; 
the other, on the contrary fuppofition, of the obferver 
being in the circumference, and the object in the 
centre. 

To determine the diftance of any objedt on the firft 
fuppofition, the bulk or dimenfions of fuch objedt muft 
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 his angle with more minute accuracy, by afcer- 
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 objedts 
can only be eftimated, the error in diftance will be ex- 
adtly in the proportion of the error in fuch eftimation ; 
little dependence can therefore be placed on diftances 
thus afcertained. For the purpofes of furveying, in- 
deed, a ftaff of known length may’ be held by an afUft- 
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 afcertafn minutes and parts 
oi 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 pradtical furveyor. 

This method of meafuring diftances, though* plain 
and fimple enough, our author illuftrates by an example : 
Suppofe A, fig. i. (fee Plate XXL) the place of the 
inftrument ; BC the affiftant’s ftaft, with a perpendicu- 
lar pin at D, to enable the affiftant to hold it in its 
right pofition ; now, if the angle BAG could, by the 
help of a micrometer, be afcertained to parts of a mi- 
nute, the diftance from A to B, or to C, might be eafi- 
ly calculated by the rules of plane Trigonometry ; 
for which fee that article in the Encyclopaedia. 

But this method of afcertaining diftances cannot be 
applied to inacceflible objedls, and it is moreover fub- 
jedi to the inconvenience of an affiftant being obliged 
to go to the objedi whofe diftance is required (an in- 
convenience almoft equal to the trouble of adtual ad- 
meafurement) ; therefore the perfedtion of the fecond 
method propofed, if attainable, is principally to be de- 
fired ; namely, that of conceiving the obfervation made 

the circumference of a circle, whofe centre is in the 
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objedt whofe diftance is to be afcertained ; and, none of 
our inftruments now in ufe being adapted to this mode 
of obfervation, a new conftrudfion 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 firft time, though he thinks that the principle 
has never been applied in pradfice, for the familiar pur- 
pofe of afcertaining terreftrftd 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 conftrudfion are propo- 
fed, which may perhaps be otherwife varied and impro- 
ved. O, fig. 2. the ofcjedl 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 difcriminate 
the objed, or any particular part or fide thereof, the 
more accurately. 'I he whole fbould be mounted on 
three legs, in the manner of a plain table or theodolite, 
and furniftied 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 <qch 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 eafilyr 
determined^ 

As the perfection of this inftrument depends altoge- 
ther upon its accuracy in taking fmall angles, fo that, 
accuracy muft depend, not only upon the inftrument’s 
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 fuch inftrument for ufe, let a ftaft* 
be held up at a diftance, in the manner of fig. *. exact- 
ly equal in length to the diftance of the two telefcopes, 
and the index AD being brought exadly upon the fide 
AL, if the two telefcopes accurately ftrike either end 
of the ftaff, 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 afcertain the dif- 
tances of Ihips, 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 : ABCDE, 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 fpeculutns, properly fra- 

med . 
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quickfilvered, the upper part being left tranfparent to 
view the obje& ; the ipeculum at A being fixed oblique- 

ily, fo that a line A 1, drawn perpendicular to its fur- 
face, may bifeft the angle BAG 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 furnilhed 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 perfection of the inftrument, it may be con- 
ftruCted to fold up in the middle, on the line C 2, into 
lefs compafs when not in ufe. The inftrument may 
be adjlifted for ufe by holding up a ftaft’ at a diftance, 
as before propofed, whofe length is exaCtly 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 objeCt being received on 
the fpeculum A, is reflected into that at C, and again 
into that at E, and that at 3 on the index ; the index 
being then moved till the reflected objeCt in the fpecu- 
lum at 3 exaCtly coincides with the real objeCt 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 divilion 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 Vtfible Horizon, or Dip of the Ho- 
r'izon, denotes its finking or dipping below the true 
horizontal plane, by the obferver’s eye being railed 
above the furface of the fea ; in confequence of which, 
the obferved altitude of an odjeCt is by fo much too 
great. 

DEROOBUST, in Bengal, Entire; as an entire 
diftriCt, oppofed to Kismut, which fee. 

DESAULT (Peter Jofeph), furgeon in chief to 
the Hofpital of Humanity, foriperly the Hotel-Dieu at 
Paris, was born on the 6th of February 1744 at Mag- 
fly 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 himfelf was 
the youngeft child of a numerous family. 

At Lure, under the direCfion of a private inftruCfor, 
he was taughtnhe firft 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 difeovering, as expert at developing, 
and adroit in appropriating talents, foon diftinguilhed 
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 
Gn the completion of his ftudies, his father, who had Default, 

deftined him for the church, intimated a wifh that he 'v™*- 

fhould apply himfelf to theology ; but his genius had 
taken a different diredlion, and he was averfe to the 
profeffion of an ecclefiaftic : in ftiort, young Default 
declared that he was determined to betake himfelf to 
the ftudy of the healing art; and, after a long and in- 
effedtual refiftance on the part of his family, he was fent 
to Befort, in order to ferve an apprentiafhip, 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 
drefling of the patieyts, and endeavoured to fupply, by 
his own obfervations, w-hat was wanting in his inftruc- 
tion. 

lu the midft of thefe profeffional labours, his mind 
frequently rambled towards another fcience but little 
connefted wuth furgery : 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 confifted in a falfe applica- 
tion of the rules of geometry to the laws of the animal 
economy. 

He not only perufed with avidity the treatife of Bo- 
relli De Motu Animalium, but actually tranflated the 
whole of it, and even added a commentary, ftill 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 dodtrine of the me- 
chanicians, wdio wiihed to attach him to his perfon; but 
his delire of fame required a more exteniive theatre, and 
his love of ftudy made him folicitous of better means of 
inftruiStion. Paris prefented both thefe advantages; and 
he accordingly repaired thither in 1764, at the age of 
nineteen, in fearch of them. 

Surgery at that period flourilhed in the capital under 
the aulpices of a Lafaye, a Morand, an Andouillet, and 
a Louis. The light of fuch great mailers excited the 
genius of thofe who afpired to emulate them : young 
Default deemed himfelf worthy of equalling men whom 
other Undents were content with only admiring. Ani- 
mated by this fentiment, he entirely refigned himfelf to 
his ardour; anatomy became the fpecial objedt of his 
labours, and his diffedtions 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 fubjecls, 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 
neceffary 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 refpedl to the vulgar, 
ferved him as the belt treatife for curing them ; and 
the great furgeons of all nations have formed their mode 
of practice by contemplating the fame book. 

But 
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Default. But he reckoned too much on a robufl and vigorous 

temperament ; for, after two years clofe and affiduous 
application, he fell Into a cacheftical 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 his operations, who attended him al- 
fo during his lait 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, 
moft of them older than himfelf, who were attracted by 
the clearnefs of his demonftrations, the methodical ar- 
rangement of his defcriptions, and, above all,'by his in- 
defatigable zeal in the fcience of inftruttion. 

His fuccefs infpired the privileged profeifors, whofe 
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, whofe foie reproach was, that he had not wealth 
enough to purchafe certain franchifes. After all, had 
it not been for the permilfion he obtained of borrowing 
the name of a celebrated phyfician, he muft 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 refufei to praCtife until he fhould be pla- 
ced at the head of fome great eftahlifhment. 

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 177C, on condition of paying the ufual fees 
when convenient. The following is the title of his the- 
fis : “ De calculo Deficit urinaria, toque extrahendo, prat- 
vid feBione, ope injirumenti Haukenfani emendati.” 

His public leCtures 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 : he was, how- 
ever, the firlt man in France who taught furgical ana- 
tomy. 

After becoming firft a fimple member, and then a 
counfellor, of the perpetual committee of the academv 
of furgery, he was appointed chief furgeon to the hof- 
pital of the college, and con fulling furgeon to that of 
St Sulpice : 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 
fraCtures; by means of which, the fragments being kept 
in a Hate of perpetual contaCt, become confolidated, 
without the lealt appearance of deformity, an almolt 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 he alfo healed, by means of a metho- 
dical compreffion, thofe various ulcers whofe cure had 

•hitherto been attended with great difficulty. In addi- 
tion to this, he fubilituted new bandages in fraCtures of- 
the humerus and clavicle, and adopted a new mode of 
treating the hare-lip, fuperior to that ufed by Louis. 
He never recurred to amputation but in extreme cafes, 
when there was a certainty that diffolution would have 
followed a negleCt of the operation. 

When a premature death carried off Ferrand,' chief 
furgeon of the Hotel Dieu in Paris, Default was con- 
fidered as the moft 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 projected fcheme of tftablifning a clinical fchool; 
and a fpacious amphitheatre was accordingly ereCted for 
that purpofe. Scarcely had his firit (a) courfe com- 
menced, when the number of pupils who flocked around 
him was really altoniihing. Foreigners repaired from ail 
parts, and feveral of the neighbouring ftates fent flu- 
dents to Paris, exprefsly for the purpofe of affifting at 
his demonftrations. More than 600 auditors conftant- 
ly attended, in order to learn a new fyftern, confining 
of a fimple mode of treatment, difengaged from ancient 
prejudices, and a complex incoherent praCtice. 

A few of his improvements are here fpecified. 
1. 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- 
flrated, by his fuccefs, its fuperiority over compreffive 
bandages. 

2. Pie was one of the firft men in France to extraCt 
the loofe cartilages (cartilages fotlans) in joints. 

3. Pie employed a new treatment, that of a methodi- 
cal compreffion, in refpeCt to fchirrofities 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. 

5. Fatal experience having pointed out the danger of 
employing the trepan in wounds of the head, he fubfti- 
tuted another method of treatment (V ufage de l^tne- 
tique) now adopted by many practitioners. 

6. He made feveral very ufeful improvements on chi- 
rurgical inflruments ; fueh as thofe employed in the 

cafes 

(a) The bufinefs of the day was conducted in the following routine : 1. A public confultation concerning 
the indigent out-patients. 2. The young practitioners belonging to the hofpital read a detailed account of all 
the interefling cafes of fuch patients as were to be difeharged that day. 3. The operations : each of thefe was 
preceded by a differtation on the ftate of the patient, who was then carried to the amphitheatre, where Default, 
attended by his affiftants, performed the operation in prefence of all the pupils. 4. Argumentative details, by 
the profeffor, 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 diffeCtion of fubjeds. Andj 6. A 
leCture on fome particular branch of pathology. 
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Def u!t. cafes of polypus in the womb and noftnls (la pinee a 

*r~“; gaine et des porte-nceuds pour Id ligature des polypes, &c. ;) 
for cutting tlirough obftru&ions in the different cavi- 
ties (le k'wtome) ; and for the fijlula in nno. In cafes of 
incifion he introduced the uie of the inftrument [le gor- 
geret) invented by Marchetti, well known among fo- 
reigners, but almofl totally negledted in France before 
this period. 

He at the fame time retrenched the ufe of a great 
number of fuperfluous ones, and banifhed all pradtices 
attended with greater pain than utility. Avoiding eve-- 
ry thing that was complex, he 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 (fournal de Chirurgerie, 
which was edited by his pupils, and deftined to deferibe 
the mod interefting occurrences in his fchool, and alfo 
extrafts from his lectures, which were then dedicated 
to the inveftigation of the maladies incident to the uri- 
nary pafiages. The treatment of thefe difeafes, hither- 
to the reproach of pradtitioners, had been much impro- 
ved by the affiftance of the artift Bernard. The elaftic 
probes (les fandes elajliques), on their firfl 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 
inode of cure in contradlions 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 obftacles that impede deglutition or refpiration. 

In the midtl 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 vifiting private patients. 

Few furgeons ever enjoyed fuch an exclufive (hare of 
public confidence ; few ever poffefTed fimilar means of 
enriching themfelves ; and yet he negledted 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 interefted 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 midft of troubles, infeparable 
perhaps from a mighty revolution, he 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 funftions that of a member of the 
council of health, conferred on him in <792 by the 
minifter Servan, he was denounced in the popular focie- 
ties as an egotift, an indifferent, &c. and became one of 
the firlt vi&ims of that profeription which, under Robe- 
fpierre, extended to nearly every man of talents. 

Chaumette accufed him to the fedtions as having ne 
gledled the brave men wounded on the 10th of Auguft, 
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 difeovering a pre- 
text for perfecution, the clamours of the people were 

unremittingly excited againft him. He was at length r>dautt, 
carried away from his amphitheatre, while in the very 
aft of haranguing his pupils ; and, in confequence of a , 1>ate' 
mandat d'arr 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 Lavoifier were inferted. On the contrary, at the 
end of three days he was liberated, and inftantly relu- 
med all his fun&ions. 

On the eltablifhment of VEcolede Sante, Default 
was appointed clinical profeflbr; 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 affeCed his 
mind, and made him dread left the days of profeription 
Ihould 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 ill 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 poifoned. 
This ridiculous opinion originated in confequence of the 
epoch of his death, which preceded but a Ihort 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 viftim to his conftant refufal to yield to the 
criminal views entertained agaiuft the life of that child-. 

Default was of a middling ftature. He was well pro- 
portioned, and poflefled an open countenance. His 
temperament, naturally robuft, had been fortified by his 
early education, and was never lapped by an excels of 
pleafures, for to them his heart was always indifferent. 
His ruling paflion was the love of glory ; his favourite 
purfuit, the praftice 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 has left but one 
work behind him, in which the name of his friend Cho- 
part is joined with his own. It is entitled Trade dts 
Maladies Chirurgicales et des Operations qui leur convicn- 
nent, 2 vols <^vo. 

DETERMINATE problem, is that which has 
but one folution, or a certain limited number of folu- 
tions ; in contradiftinftion to an indeterminate problem, 
which admits of infinite folutions. 

Dhterminatb Seftion, the name of a tratft or general 
problem, written by the ancient geometrician Apollo- 
nius. None of this work has come down to us, ex- 
cepting fome extrafts and an account of it by Pappus, 
in the Preface to the 7th book of his Mathematical 
Colleftions. He there fays that the general problem 
was, “ To cut an infinite right line in one point fo, 
that, of the fegtnents contained between the point of 

feftion 
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ft* ft I on fought, and given points in the faid line, either 
the fquare on one of them, or the rectangle contained 
by two of them, may have a given ratio, either to the 
rectangle contained by one of them and a given line, or 
to the redtangle contained by two of them.,, 

DETONATION (fee that word EncycL). The 
aflonifhing violence with which the oxy-muriat of pet- 
als, when mixed with various fubdances, detonates, has 
been already noticed in this Supplement under the ar- 
ticle Chemistry, _n° 722, where the theory of thefe 
explollons is likewife given. But as feveral chemifts 
feem to think that this fait, which decrepitates by fric- 
tion, and fpontaneoufly takes fire when mixed wdth 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 diltmCt 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-murh.t of potafs, and one 
part of powdered fulphur, rubbed together in a metal 
mortar, produce numerous fuccefiive explolions, refem- 
bling the fmacking of a whip, or even as loud as the re- 
port of a piftol or a mulket, according to the rapidity 
of the motion, and the force of the prefiure made ufe 
of. A few grains of the fame mixture, by being llruck 
Imartly upon an anvil with a hammer, occafion a report 
equal to that of a mulket; and torrents of purplilh 
hght are feen about the anvil. If this mixture be 
thrown into concentrated fulphuric acid, it inllantly 
takes fire, and burns, without noife, with a flame of a 
dazzling uTitenefs. 

2. A mixture of three parts of this fait, half a part 
0 hdphur, and half a part of charcoal, caufes ftronger 
explofions than the preceding when rubbed in a mor- 
tar, and a louder noii'e when llruck 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- 
cuffion ; but produces only reddilh fparks when thrown 
mto fulphuric acid.. If zinc be fubftituted in the place 
of antimony, a fimilar explofion takes place, accompa- 
nied with a white flame. Sulphuric acid has no effedt 
upon this lall mixture. 

. 4- With regulus of arfenic, this fait explodes very 
violently by the droke of a hammer; it inflames, with 
lingular rapidity and brilliancy, by the contadl of ful- 
phuric acid. In this lad experiment there arifes a fmoke, 
winch m the air takes the form of a crown, in the fame’ 
nianner as phofphorated hydrogenous gas does when it 
iiifiames fpontaneoufly in a ftill atmofphere. 

5. Sulphuret of iron or martial pyrites inflames rapid- 
ly, but 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. I he red fulphuret of mercury or cinnabar, and 
the fulphurated calces of antimony, explode with the nne matter in the ftomach • and ? T„ "T 
oxy-muriat of potafs by percuffion, but they do not in- morbidly incieafed adtion of this^man andTeT ! V 
flame by fulphunc acid. The fame thing happens when to a healthful condition Tfipf,* ' a' 1- “ let^°re ,t: 

charcoal alone is mixed with this fair \ c nea,ltfui cond,;,on* . rh?fe indications are to be 
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oils (both fixed and volatile), alcohol, ether, when mix- 
ed with oxy-muriat of potafs, have the property of ex- 
ploding very violently by the droke of a hammer, and n- J1 

ah of them lend forj:h a brifle flame at the time of their . bete% 
explofion. The liquid eombuflible fubdances above 
mentioned are to be mixed with the fait in fitch a man- 
ner as to form a kind of pafte. None of thefe mixtures 
explode or inflame by being rubbed in a mortar ; but 

j r , aflame by being mixed with concentra- ted lulphunc acid, their combudion being flow and pro- 
greffive. 1 

8. All the fubdances above mentioned, which, being 
mixed with the oxy-muriat of potafs, take fire and burn 
inllantly, and with confiderable noife, by the quick pref- 
fuie of the drokes of a hammer, produce a much llrong- 
er explofion when they are fo clofely wrapped up in pa- 
per, twr. or three times doubled, as to be thereby com. 
prelied before they are druck. 

9. An eledtric (hock from a battery of large furface, 
charged by a jtrong elearie machine, caufes all the fore! 
mentioned mixtures to explode in the fame manner as 
percuflion, and their explofion is alfo accompanied bv a 
bright light. : 

. To tIie above mentioned fads, the authors add, that 
it was already well known that gunpowder would ex- 
plode by a violent blow, or very drong preflure ; but 
they obferve, that the droke which is neceffary for that 
pui pole mud be much ftronger than that which fufficee 
to produce an explolion in the above-mentioned mix- 
tures of combullible fubftances with the oxy-muriat 
or potafs; and that its explofion is by no means fo re- 
markable as that which is produced by the help of this 
new lalt. 

DEWAN, under the Mogul government, the recei- 
ver general and civic governor of a province : in private 
file a Iteward. 

. l^LWANNY, the revenue department of a pro- 
vince. ^ 

DIABETES Mellitus (fee Medicine, n° 218 
&c. Encycl.), is fo formidable a difeafe, though not 
very frequent, that it would be unpardonable in us not 
to mention every method of treating it fuccefsfully ' 
which has come to our knowledge. Since our article 
Medicine was publiflied, 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 Do&or fuppofes, that in this complaint the ve- 
getable matter taken into the ftomach has not, from 
fome defect in this organ, undergone a diffident change 
to form proper chyle ; that in confequence of this, much 
iaccharme matter is evolved, which, when carried into 
the circulation, proves a general ftimulus, producing 
head-aches and qmcknefs of pulfe, but that it ads more 
remarkably on the kidneys, occafioning a conftant and 
copious fecretion of fweet urine. From this hypothe- 
fis, 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 
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ftomach, and at the fame time counterad 
tion of faccharine matter. The remedies employed tor 

: this purpofe have been emetics, kali fulphuratum, hme- 
water, hepatized ammonia water, hepatized ammonia, and vegetable narcotics. 
But the principal dependence is to be placed on a total 
abftinenee from all vegetable matter, which alone can 
fupply the faccharine principle. By a regular perteve- 
rance in this plan, the hill of two patients was com- 
pletely cured in four weeks, although the difeale 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 laid, reduced^to iT 
pint, being at the fame time free from any faccharine 
impregnation. The fecond patient, from his age and 
other circumftances, although relieved frbm the diabe- 
tic affedion, did not regain his wonted ftate or health ; 
but even in this cafe, the efteds produced by the treat- 
inept, when propeply attended to, were molt decidedly 
in confirmation of this plan of cure. 

The Dodor has received feveral communications in 
confequence of the difperfion of the printed notes on 
the fh ft cafe. The moil important are. the refuft oi 
two cafes treated in this way by Dr Cleghorn of Glab 
gow, and one by Drs Currie and Gerard at Liverpool ; 
all of which afford the ftrongeft corroboration oi the 
efficacy of this mode of treatment. 

DIAMOND, the moil precious of all the gems; tor 
the nature of which fee Chemistry, n'3 33, &c. in this 

^ ’DIDEROT (Dionyffus) of the academy of Berlin, 
the fon of a cutler, was born at Langres in l7T3; The 

fefuits, with whom he went through a courfe of itudy, 
were defirous of having him in their order; and one of 
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 an 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 fupphed him with a 
maintenance, and drew him from obfcurity. Accord- 
ing to his friends, his capacious mind embraced phy- 
fics, geometry, metaphyftcs, ethics, and the belles lettres, 
from the time that he began to read with reflection ; 
and it is certain that he afpired at being a matter in all 
thefe departments of literature. His bold and elevated 
imagination feemed to give him hkewife a turn for poe- 
try ; but he neglefted it for the fciences. He lett e 
at an early period at Paris, where the natural eloquence 
which animated his converfation procured him friends 
and patrons. What firft drew the attention of the pu- 
blic to him as an author, and gave him a high reputa- 
tion among a certain clafs of readers, was a frnall. vo- 
lume written againft the Chriftian religion, and intitled 
Penfees Philofaphiques } which was reprinted afterwaids 
under the title of Etrennes aux Efprits-forts. 

This book appeared in I74^» i2mo. The. adepts 
of the new pbilofophy compared it, for perfpicuity, ele- 
gance, and force of diftion, to the Penfees de Pafcal. 
But the aim of the two authors was widely different ; 
Pafcal employed his talents and his erudition, which. 
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the forma- was profound and various, to fupport and ill aft rate the 

great truths of our holy religion, which Diderot at- 
tacked by all the difingenuous arts of an unprincipled 
fophift The Penfes Philofophiques, however, became 
piopular. It contnbutea 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 Paris. 

Our author was more ufefully employee in 174^* 
when, together with Meffrs Eidous and 'Touiffanty he 
puWiltied a general Dictionary of Medicine, in fix vo- 
lumes folio. This work, it muff be cpnfeffed, has con- 
fiderable merit; for though there are in it feverai 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 
direction of Voltaire, they formed the idea of a DiBio- 
naire Encyelopedtque. The great objects which they 
had in view when they entered upon this work aie now 
univerfally known. D’Alembert was a profound ma- 
thematician, Diderot had confiderable knowledge in the 
phyfical fciences, more efpeciaUy mechanical philofo- 
phy, and Voltaire was a matter of the belles lettres. 

It is not to be fuppofed that fuch men would pub- 
Hfti any thing very defeftive in thefe departments of 
fcience ; but an Encyclopedia mutt 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 furnilh the theological ar- 
ticles ; and for other branches of knowledge, they were, 
promifed the afiiftance of feveral men of letters, and ot 
a variety of artifts. . . 

Diderot took upon himfelf the defcription of arts and 
trades; one of the moft important departments of the 
work, and the moil acceptable to the public. To the 
particulars of the feveral proceffes of the workmen he 
fometimes added refledlions, fpeculations, and.principles,, 
adapted to the elucidation. But befides his own de- 
partment, he fu rniihedj articles on aim oft every other 

fU iy thofe who knew not the great aim of the under- 
takers of this work, it has been regretted that Diderot' 
was not lefs verbofe, lefs of the differtator, and lefs in- 
clined to digreffions. He has alio been cenfured for 
employing needlefsly a feientific language, and for ha- 
ving recourfe to metaphyfical dodlrines, frequently un- 
intelligible, which occafioned him to be called the Lyco~ 
phron ofphilofophy ; for having introduced, a number ot 
definitions incapable of enlightening the ignorant, and 
which the phitofopher feems to have invented lor no 
other purpofe than to have it thought that he had great 
conceptions ; while, in fad, he had not the art of ex- 
preffing perfpicuoufly and limply the ideas o. ot rers. 
But thefe complaints arife from miftaking entirely the 
purpofe for which he wrote. . 

It has been completely proved, that one great ob- 
jeft for which the philofophevs, as they called tke™- 
felves, undertook the compilation of the Encyclopedic 
was to fap the foundation of all religion. ^ ^is was to 
be attempted, not dire&ly and avowedly; for.bare-faced 
atheifm would not then have been, fuffered m trance^ 

Diderof, 
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I>i<!ei'ot. 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‘Alembert were overturning thofe arguments un- 
der titles which properly allowed of no fuch difquifi- 
tions. This neceflarily produced digrefltons ; for the 
greateft genius on earth could not, when writing on the 
laws of motion, attack the myfteries of Chriftianity 
without wandering from his fubjedt; but that the ob- 
ject of thefe digreffions might not pafs unnoticed by 
any clafs of readers, care was taken to refer to them 
from the articles where the queftion was difcuffed 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 mill over 
them, to render their intention the lefs obvious. 

Even with all this care and ftudied obfcurity, the de- 
fign of the Encyclopedic was too palpable not to be feen, 
and too wicked not to give offence. Certain wild po- 
fitions 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 dictionary 
publifhed ; and the prohibition of the fucceeding ones 
was only taken off at the end of 1753. Five new vo- 
lumes then fuceeffively appeared. But in 1757 a new 
ftorm arofe, and the book was fuppreffed. The re- 
mainder did not appear till about ten years after ; and 
was then for a while only privately diflributed ; fome 
copies having been feized by government, and the prin- 
ters fhut up in the Baftile. The merit, however, of 
fome of the articles is confeffedly great; and the firfl 
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 pradtice was put a 
flop 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 Diaionary of Scien- 
ces, feveral produaions, which could fcarcely have been 
expeaed from a man fo completely employed. His 
Bijoux Indifcrets, 2 vo’s 12mo^-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 paffages where it is moft mifplaced, 
and never is the author more aukward than where he 
intends to difplay a graceful eafe. 

The Fils Naturel, and the Fere de Famille, two come- 
dies in profe, which appeared in 17,-7 and '758> not 
t>f the fame kind with the Bijoux Indifcrets. They are 
moral and affefting dramas, where we fee at once a ner- 
vous ftyle and pathetic fentiments. The former piece 

is a pidure of the trials of virtue, a confiia between In- 
tel efts and paffions, wherein love and friendftnp 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 imall number of fcenes, where the author 
mixes his philofophical jargon with the fentiments of 
the heart, and fome fentences out of place, the ftyle is 
affecting and natural enough. In the fecond comedy, 
a tender,, virtuous, and humane father appears, whofe 
tranquillity is difturbed by the parental folicitudes, in- 
fpired by the lively and impetuous paffions of his chil- 
dren. This philofophical, moral, and almoft tragical 
comedy, has produced confiderable effedts on feveral 
theatres of Europe. The dedication, to the princefs 
of NaiTau Saarbuck, is a little moral tracft of a lingular 
turn, without deviating from nature. This piece, writ- 
ten with a true dignity of ftyle, proves that the author 
pofleffed a great fund of moral fentiments and philofo- 
phical ideas. At tne end of thefe two pieces, publilh- 
ed together under the title of Theatre de M. Diderot* 
are dialogues, containing profound refledtions and novel 
views of the dramatic art. In his plays he has endea- 
voured to unite the charafters of Ariftophanes and Pla- 
to ; and in his refleftions he fometimes difplavs the sre- 
nius of Ariftotle. 

This fpint of criticifm is exhibited, but with too 
much licence, in two other works, which made a great 
noife. The former appeared in 1749, i2mo, intitled 
Letters on the Blind for the Ufe of thofe who See. The 
free notions of the author in this work coft him his li- 
berty. He underwent a fix months imprifonpient at 
Viorcennes. Having naturally ftrong paffions and a 
haughty fpirit, and finding himfelf on a hidden 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 vftits of a few literary men ; 
among whom J. J. Rouffeau, at that time his friend’ 
went and adminiftered confolation to him, which he 
ought not to have forgotten. 

The 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, i2mo. Under this 
title the author delivered refteftions on metaphyiics, on 
poetry, on eloquence, on mmic, &c. In this effay there 
are fome good things, among others abfurd and im- 
perfect. Though he itrives to be perfpicuous, yet he 
is not always underftood ; and this is more his fault 
than that of his readers. Of what he has compofed 
on abftraCt fubjefts, it has been faid that it is a chaos 
on which the light {bines only at intervals. The other 
produftions of Diderot betray the fame defed of clear- 
nefs and precifion, and the fame uncouth emphafis, for 
which he has always been blamed. 

The principal of them are, r. Principles of Moral 
Philolophy, 1745, 12mo ; 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 leaft a book well com- 

f°ar o2* Hdtory °f Greece’ tra"flated from the Eng- hfhof Stanyan 3 vols, i2mo; an indifferent tranfl'a- 
tion of an indifferent book 3. Pieces on feveral Ma- 
thematical Subjefts, 1748, 8vo. 4. Reflections on the 

. 3 Qj . Inter- 
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Diderot. Interpretation of Nature, 1754’ I2mo* This inter- 

' v' preter is very obfcure. The Code of Nature, 17 55, 
1 2mo ; which is certainly not the code of Chnftianity. 
6. The Sixth Senfe, 1752, i2mo. 7. Of Public E- 
ducation ; 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 fome of them are very judicious, and 
would be highly ufeful in the execution. 8. Panegyric 
on Richardfon. Full of nerve and animation. 9. Lite 
of Seneca. This is the laft woik which-he acknow- 
ledged ; and it is one of thofe by Diderot that is peru- 
fed with molt pleafure, even in re&ifying the judgments 

„ he paffes on Seneca and other celebrated men. The 
Abbe Barruel fays, that he was the author of Syjleme de 
la Nature, which is ufually given to Robinet; and it is 
certain, that if he was not the author, he furnifhed 
hints, and revifed the whole. Yet the junto of atheiils 
were thcmfelves alhamed 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~ 
dreffes the bookfellers who had undertaken to republiflu 
it. “ 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 ©ur 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 mafter ; a piece of nonfenfe next neighbour to a fu- 
blime performance. Some working for no pay, foon 
loft their firft fervour ; others, badly recompenfed, fer- 
ved us accordingly. The Encyclopedic was a gulf into 
which all kinds of fcribblers promifcuoufly threw their 
contributions ; their pieces ill conceived, and worfe di- 
gefted, good, bad, contemptible, true, fade, uncertain, 
and always incoherent and unequal ; the reference that 
belonged to the very parts afligned to a perfon, never 
filled up by him. A refutation is often found where 
we fhould naturally expedt a proof. There was no ex- 
adl correfpondence between the text and the plates. 
To remedy this defedf, recourfe was-had to long expli- 
cations. But how many unintelligible machines, for 
want of letters to denote the plates!” To this con- 
feflion Diderot added particular details on various parts; 
fuch as proved that there were in the Encyclopedic fub- 
jedfs to be not only retouched, but to be compofed a- 
frefh : and this was what a new company of literati and 
artifts fet themfelves to work upon in the Encyclopedic 
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 abftradt 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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thing which can make mankind happy here or hereaf- DMerot, 
ter, with the former edition. ——y—> 

Notwithftanding his numerous publications, Diderot 
was never rich. Soon after the publication of the laft 
volumes of the Encyclopedic, upon which he had been 
employed for upwards of twenty years, his circumftan- 
ces were fo ftraitened, that an expedient v/as to be de» 
vifed for their improvement. Fie had long correfpon- 
ded with the late Emprefs of Ruffia, whom he pevfua- 
ded to confider him as the greateft, or one of the great- 
eft economifts of France. In the courfe of the corre- 
fpondence he had mentioned his own library as one oi 
the molt valuable in Europe; and when Catharine want- 
ed to purchafe it and make him librarian, he laid that 
his conllitution 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 vifitation could 
be no longer put off, Diderot was obliged to run in a 
hurry through all the bookfellers Ihops in Germany to 
fill his empty fhelves with old volumes. Fie 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 ftory, in hopes of getting his daughter mar- 
ried with parade, and patronifed by her majefty ; but 
it was feen through, and he was difappointed. 

In the year 1784 Diderot’s health began vifibly to 
decline ; and one of his domeftics, perceiving that his 
death was at no great diftance, acquainted him with his 
apprehenfions, and addreffed him on the importance of 
preparing for another world. He heard the man with 
attention, thanked h;m kindly', acknowledged that his- 
fituation required ferioufnefs, and promited to wejgh 
well what he had laid. 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 ecclefiaftic feveral times, 
and was preparing to make a public recantation of his 
errors. Condoreet and the other adepts now crowded 
about him, perfuaded him that he was cheated, that his- 
cafe was not fo dangerous as it was laid to be, and that 
he only wanted the country air to reftore him to health. 
For fome time he refitted their attempts to bring him 
back td atheifm, but wras at laft 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 fpread and be- 
lieved that he died fnddenly on rifing from the table, 
without rernorfe, and with his atheifm unfliaken. 

To draw a formal charafter 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 chara&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 expreffed fome furprife at this conduct, 
Diderot faid : “ J’entends ce que vous voulez dire j 

mais 



DIF 
DifTerenualfnais au fond, quelles meilleures le5ons pourrcis je lui 
, ^ jonner> ou tmuverai-je mieux l” It was a common 

offertion of Diderot’s, that between him and his dog 
“ d n’y avoit de difference que habit.” In uttering 
this fentiment, he refembled not Pope’s Indian with un- 
tutored mind. 
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“ 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 <vu£ verfa, any difference 
may be found from having the terms of the feries given: 
it likewife fhews 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 
firft term from the fecond, the tecond from the third, 
the third from the fourth. See. then all thefe remainders 
make a new feries, called the firji order of differences. In 
this new feries take the firft term from the fecond, the 
fecond from the third, the third from the fourth, &c. 
as before; and thefe remainders make another feries, 
called the fecond order of differences. In like manner, 
in this feries, take the firft 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, h, c, d, e, See. is the feries ; 
B, B2, Bs, B4, &c. the firft order of differences ; C, 
C2, C3, Sec. the fecond order of differences; D, D2, &c. 
the third order; E, Sec. the fourth order, and fo on. 
But the firft terms of thefe feveral orders of differences, 
as B, C, D, E, &c. 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, Sec. 
and if there be taken the firft differences B, B3, &c. 
the fecond differences C, C% C3, Sec. the third differen- 
ces D, D2, D’, Sec. and fo on. 

Then if T ftand for the firft term of the «th 

differences, rErTrrA— n b + n  nX — T 

X - -d+nXn- — X ndZL? x — — e — Sec. that 
3^.2 3 4 

is, + T, when n is even, and —T when n is odd. 
The feveral orders of differences being, taken as be- 

fore directed, will ftand thus. Then, 

Abc 
b*c,de 

B’cA 
B* &c. 

b 

ienes 
3 ft diff. 
2d diff. 
3d diff. 
4th diff. 

A , 
b—A 

> c See. 
c—b , d—c , c—dy Sec. 

c—23-J-A, d—e—id-^-Cy Sec. 
d—3^+3^—A,e—3</-f3c—by Sec. 

—4^4-A, &c. 

D 
That is, Br:3—A, Cizrc—2^-j-A, Tdzzd—3 t3 ^ ^*fferentIii^ 
— A, E=:e—4^/-\-6c—4^4-A, Sec. or — B = A—3,, Method-. 
+ C=A—2 b —D = A—3 4*3 ^—d, 4- L — A ^ v 

—4^-j-6r—^d+e, Sec. where, putting T fucceflively 
equal to B, C, D, E, Sec. and «= 1, 2, 3, 4, Sec. the 
prop, will be evident. 

Cor. Hence 
A = A, the firft term. 

—A 4-^, the firft difference. 
A—2^4-f, the 2d difference. 

^ = —A4-3^ y-\-d, the 3d difference. 
E = A—4/'-{■ fa-—4^/4-e, the 4th difference. 
^ —loc+iod—ye-f./, the 5th difference, 

Sec. 
Prop. II. If A, b> c, d, e, Sec. be any feries, ,nd 

there be taken B, C, D, E, Sec. the firft of the feveral 

orders of differences; 
Then, the nth term of the feries will be =r A 

+ "-ru X X x 1=5 E +, &c 
1 2 3 4 

For from the equations in the laft Prop. -  r- viz B = 3 
— A, L = c~2b + A, Sec. we have, by tranfpofins?, 
^ —Aft-B, rr —A4-2i^4-C=: — A4-2A4-2B4-C 
(expunging b) ; that is, 
r=A4-2B4-C, ^=A~-3^4-3f 4.0 = A — 2A—3B 
4-3A4-6B4-3C4-D (expunging b and c) ; that "is, 
J=A4-3B4-3C4-D. Alio e= —A4-4^ .. 6^4-4^ 
4-E= (expunging b, c, d) ~ A 4-4 A 4-4 B - 6 A 
— 12B—6C4-4A4- 12B4-12C4-4D4-E ; that is. 
f = A4-4B4-6C4-4D4-E, Sec. 

O’Kar.   A _ jd. Then putting A, b, c, d, Sec. for the nth term, and 
n fuccemvely 1, 2, 3, 4, &c. the feries will be evi- 
dent. 

Cor. I. If d’y d'y d>»y &c. be the firft of the firft fe- 
cond, third order, Sec. of differences ; then 

The nth term of the feries A, by c, dy Sec. will be 

= A4- d 4- 
I n 
- X~ ■d" + 

« —3 '+n—xn- -Ixi X — 4 d C 4- 
Sec. 

For B _ , C __ d y D — d'". Sec. And the co- 
efficients are the uncise of the n — ith power 

Cor. 2. Hence alfo it 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 firft term. 
£ = A + B, the 2d term. 
£ = A4-2B4-C, the 3d term. 
d—Aft*the 4th term. 

A4-4B4-6C4-4D4-E, the 5th term. 
/=!i^'°AH?.r!+5J;+F’,he 6th ie™- f^A+fiB+.jC+ioD+ijEi-fiF+G, the 7th term. 

1 ROP. III. If 0, Cy dy Cy Sec. be any feries nnd A* 

Vcicn'1 &C* ^ firft °f the feveral orders of differences; 
The fum of n terms of the feries is - n a + n. 

-d+nX 
1 n — 2 «   
-x-c-a'+ttx —’ 

3 a X 
n — 2 

X' 
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jDiffra&ion 

. Jl 
Direift. 

n —3 ix'i ixlir- J"' 
5 

+ > 
4 
&c. 

For in the {cries of quantities, 
o , a , &c- 

ifl diff. are a y b , c , d y &c. 
fid diff. d’ , d'l , ^3 , &c. 
3d diff. d'' , , &c. 
4th diff. df< , &c.    

Therefore (by Cor. 1. Prop. IT.) the n -j- ith term 
of the feries, oya,a-\-ly a-\-b-\-c, a-\-b-\-c-\~d, &c. or 
the nth term of the feries, ay a-^b^ a-\-b+c, a + b + c 

.}- d, See. is := 0 -p ” -}-• « r/' -f* « X 

X n 2 d" -f Sec. But the nth term of the feries a, 

a + b, a + b + c. See. is the fum of n terms of the fe- 
ries, a, b, c, dy Sec. and therefore equal to n « -f « X 
fi   j n — l n — ^ . 

r/' + n X —r~ X —7— d" + &c. 2 2 5 
For a fuller account of this method, and its applica- 

tion to curves, we refer the reader to Emerfon’s works, 
from which thefe three propofitions are taken. 

DIFFRACTION, a term firft ufed by Grimaldi, 
to denote that property of the rays of light which 
ethers have called inflection ; the difeovery of which is 
attributed by fome to Grimaldi, and by others to Dr 

^DIMINUTION, in muAc, 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- trafts, as^below. —1 
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' DIRECTION, in aftronomy, the motion and other Dire&ioa 

phenomena of a planet when direft. Pitmn 
Direction, in aftrology, is a kind of calculus, by ' j 

which they pretend to find the time in which any not- 
able accident ihall befal the perfon whofe 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 againft his own incli- 
nation, engaged in the profeffion of divinity, and began 
to exercife his fun&ion at Tunbridge in the county of 
Rent, where he continued to preach fome years; during 
which time he married a lady of that place. 

But a weak conftitution, and the death of his father, 
induced Mr Ditfon to quit that profeffion. And at the 
perfuafion of Dr Harris and Mr Whiffon, both eminent 
mathematicians, he engaged in the ffudy of mathema- 
tics ; a fcience to which he had always a ftrong incli- 
nation. In the profecutton of this fcience he was much 
encouraged by the fuccefs and applaufe he received : 
being greatly efteemed by the chief profeffors of it, 
and particularly by Sir Ifaac Newton, by whofe inte- 
reft and recommendation he was eledted mailer of the 
new mathematical fchool in Chriff’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 expeded many ufeful and inge- 
nious difeoveries from his affiduity, learning, and pene- 
trating genius. 

Mr Ditton publiffied feveral mathematical and other 
Of the Tangents of Curvet, Sec. 

tus who wrote the Canon Aftronomicus, which Suidas Philof. Franf. vol. 23; . . . 
r" 8 was commented on by the celebrated Hypatia, 2. A Treat,fe on Sphencal Catoptnca, p,,bl,fl,ed m 
T u. VrLnn nf Alexandria His reputation the Philof. Tranf. for 1705; from whence it was co- 
muft W beln very hi#, amo1,g 'the ancients, fince pied and reprinted in the Afta Eruditorem 1707, and 
rey ranked him with Pythagora? and Enclid in ma- alfo in the Memo.rs of the Academy of Sconces at 

l^D-^Hthmeficisfras raUeal^from Diophantus’s 3- General Laws of Nature and Motion, 8vo, 1705. 
eoitaph in the Anthologia, the following cireumftances Wolfius ment.ons th.s work, and fays that ,t dluflrates 
Thillife namely, that he was married when he was and renders cafy the wnttngs of Gahleo, Huygens, 
° t (ears old" and had a fon born five years after , that and the Princip.a of Newton, It ts alfo not.eed by 
this fon died when he was 42 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 

^DIOPTER, Tir 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, Sec. • r 

DIRECT, in arithmetic, is when the proportion ot 
any terms, or quantities, is in the natural or direft or- 
der in which they Hand; 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. 

La Roche, in "the Memoires de Literature, vol. viii. 
p.‘46. . 

4. An Inflitution of Fluxions, containing the firfl: 
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 publiffied by Mr John ClarAe, in the year 
i728. ' . 

5. In 1709 he publifhed the Synopfis Algebraica 01 
John Alexander, with many additions and corre&ions. 

6. His Treatife on Perfpeftive was publifhed in 
1712. In this work he explained the principles of that 
art mathematically ; and befides teaching the methods 
then generally pra&ifed, gave the firft hints of the 
new method afterwards enlarged upon and improved by 
Dr Brook Taylor; and which was publiftied in the year 
1715. T ' J 7. In 
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7. In 1714, MrDitton publiftied feveral pieces both defray the expenees. 
theological and mathematical; particularly his Difcourfe 

J on the Refurreftion of Jefus Chrilt ; and The New 
Law of Fluids, or a Difcourfe concerning the Afcent 
of Liquids, in exaft Geometrical Figures, between two 
nearly contiguous Surfaces. T. o this was annexed a 
tra&, to demonllrate the impoffibility of thinking or 
perception being the refult of any combination of the 
parts of matter and motion : a fubjedt 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 publithed about half a year before. This at- 
tempt probably coft 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 pra&ice, 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), affedted his health 
fo that he died the enfuing year, 1715. 

In an account of MrDitton, prefixed to the German 
tranflation of his Difcourfe on the Refurreftion, it is 
faid that he had publifhed, in his own name only, ano- 
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 corvefponded upon the fubjedt ; and that 
Ditton had fent to Leibnitz a delineation of a machine 
he had invented for that purpofe; which was a piece of 
mechanifm conftrufted with many wheels like a clock, 
and which Leibnitz highly approved of for land ufe ; 
but doubted whether it would anfwer on {hip-board, on 
account of the motion of the {hip. 

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 
dearly defcribed. “ The oldeft information (faysPro- 
fefior 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 
prefence-of the emperor and feveral thoufand fpedfators, 
two Greeks let themfelves 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 Englifti, in 1588, difperfed the Spanifti 
fleet, called the Invincible Armada, part of the {hips 
went to the bottom, near the Ifle of Mull, on the vveft- 
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 speculators, and gave rife to feveral at- 
tempts to procure part of the loft treafure. In the 
year 1665, a perfon u^as fo fortunate as to bring up 
fome cannon, which, however, were not fufficient to 

DOM 
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. Sine lari 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 Spamfh {hip funk on the coait of Htfpaniola ; 
and reprefented his plan in fuch a plaufible manner, that 
King Charles II. gave him a {hip, and furnidred him 
with every thing neceffary for the undertaking. He 
fet fail in the year 1683; but being unfuccefsful, re- 
turned again in great poverty, though with a firm con- 
vidlion of the poffibility of his fcheme. By a fubferip- 
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 previoufly 
engaged to divide the profit according to the twenty 
{hares of which the fubfeription 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. Of 
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 {hip and the cargo, 
under a pretence that Phipps, when he folicited for lijfe 
majefty’s permiffion, had not given accurate information 
refpetfting the bufinefs. But the king anfwered, with 
much greatnefs of mind, that he knew Phipps to be an 
hooeft man, and that he and his friends ftiould fhare 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 v/as fatisfied 
with his condmft. We know not the conftru&ion of 
Phipps’s apparatus : but of the old figures of a diving- 
machine, that which approaches neareft to the diving- 
bell is in a book on fortification by Lovini ; who de- 
feribes a fquare box bound round with iron, which is 
funiflied 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 he does not 
pretend to be the inventor of it. 

lathe year 1617, Francis Kefsler gave a defeription 
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 predeceffors, the conftru&ion. and ufe of the di- 
ving-bell; but be is much miftakenwhen he fays that 
it was invented at Amfterdam. In 5679 appeared, 
for the firft time, Borelli’s well known work de mertu 
animalium ; in which he not only defcribed the diving- 
bell, but alio propofed another, the impradficability 
of 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 
des fqavans. To him fucceeded Dr Halley, whole bell 
is well known. 

DODECATEMORF, the 12 houfes or parts of 
the zodiac of the pripium mobile. Aifo the i z 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 Sr Domingo. See Hispanioma, an oil of an agreeable odour; above all, the fkhi was fa Decern*, 

, _ •Pm>^ both in Encycl. and In this Supplement. exquifitely clean, that they would not have fullered the , r^in8, , 
DON Martin de Mayorga, rhe name given by fmalleft particle of duft to remain upon it a moment, 

the Spaniards to a duller of illands in the South Sea, In this archipelago Don Maurdle found a fafe bar- 
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 Soufh Lat. 180. 36'. and W. Lon. 

Thofe iflands are defcribed by him as abounding with I770* 47^ 457- °f Greenwich, 
tropical fruits and roots, as highly cultivated,'and as DRACCENA Draco (fee Dracoena, Encycl.), is 
inhabited by a people confiderably polilhed. The fer- a native of Madeira, though it is there becoming fcarce. 
tility of the land, fays he, is fuch, that its cultivation The following account of it is by La Martiniere, natu- 
cannot fail to promife a favourable harveft. Every ralift in the laft 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 gveateli the fhabby fpecimens cultivated in our hot-houfes, is 
order, and numerous plantations of potatoes, of which far inferior to that we entertain of it when we have 
he defcribes fame as fifteen feet in length, and of the an opportunity of feeing it in its native foil. I met 
thicknefs 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 halt, 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, Ihoot out a little obliquely, 
the moll civilized nations. dividing themfelves generally into two, and now and 

Their government appears from his account to be then into three, to the height of 40 or 50 feet, inclu- 
defpotic. The fovereign, who is called the 'Tubou, is dhig the feven feet of the trunk. I he leaves are all at 
held in the highell veneration by his fubjedls, 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 moll perfedl regularity to the eye, and tempts 
they fhrink into infignificance in the prefence of the the fpedlator to think that the molt fkilful gardenef 
Tnbou, 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 
llrength and large llature, the ordinary height of the publilhed Mr Bayley 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 bell guide, has fully pro- 
they delight in gymnaltic exevcifes ; for when the Eu- Ved the ufefulnefs and durability ot his drains. With a 
lou, by whom he had been treated with great hofpita- candour, however, worthy of a man who writes not for 
lity, wilhed to amufe him and his Ihip’s company, he fame, but for the good of the public, he informs us cl 
exhibited to them feats of wrellling and boxing, and a niillake Into which he had led us; and requells us to 
that as well by the women as by the men. corredl it in this Supplement. 

Though thefe people put the greatefl confidence in “ I wilh (fays he) that, in the Supplement to thi 
the Spaniards, and frequently (laid whole nights on Encyclopedia, due notice may be taken ot 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 Heal. “ Every time they' came on boafd tnain drains. I conjectured, that where the bottom of 
(fays our author), clothes, iron-work, whatever fell in the trench was ot a hard or folid body, as clay or marl, 
their way, they conlidered as lawful prize. They drew It might not be neceffary to lay it with bricks or Hones; 
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 °f ah'» thefe hard bottoms have been rendered friable ; 
king; he gave me permilfion to kill whomfoever I fiiould they have crumbled awayr, and let in all my drains 
detedl in the adl; and I was allured he had himfelf dif- which were not fupported byr a bottom laid with brick 
covered and punilhed with death the authors of the or Hone.” For this information we requeH the author 
complained of theft. Our vigilance was neceffarily cal- to accept of our thanks, and we are perfuaded we may 
led into adlion ; we furprifed the ifiamlerS Hriving to a‘ld the thanks of the public. 
tear away the new rudder chains ; we fired a pillol 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 fubftance of a paper 
to one another, chlto (robber) fama (death).” on this fubjed, for which the author received the filver 

They make of the bark of trees a kind of cloth not medal ol the Society infiituted 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 defcribes the wo- tnor 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, but. had like- 
their perfons. They had their mantles or loole gar- wife been employed by the Earl of Alesford in the ma- 
ments adjufied in neat plaits and folds, and becomingly nagement of feveral etlates. .Encouraged by. his lord- 
attached by a knot over the left fhoulder. They wore fliip’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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Drain*. The principles upon which he proceeded, as well as his 

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 moift or wet furface; 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 difchar- 
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 balls that will be always found to confift of marl, 
or clay, or fome mixture thereof. The efFeft 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 defcend- 
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 
above that marl or clay a ftratum of fand, or pebbles, 
through which the water paffes ; and above thofe fands 
or pebbles another ftratum of marl or clay, through 
the weakeft parts of which the water, by a continual 
preffure from its fountain, forces a paffage upwards ; 
and thus, through the weakeft parts of the marl or 
clay, furnifhes a continual fupply of water on the fur- 
face, for the formation or growth of bogs, &c.- in pro- 
portion as this water is more or lefs abundantly fupplied 
by its fountain or head, namely, the higher lands, into 
which rain-water freely palfes, 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 clay. 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 ihould be 
obferved, that a mixture of all the three before-deferibed 
daffes of wet land fometimes occur in one field, by hid- 
den alterations of the under ftrata, and thereby perplex 
the operator, by requiring all the different modes of 
draining in the fame field. 

If it be admitted that bogs are thus formed and fed, 
their cure may be effe&ed with certainty. The firft 
ciafs, 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 rulh 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 
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fprings may require • and the whole of the water thus Drdns. 
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 traffs of 
land, under favourable circumftances, may be cured with 
one drain. 'I he beft; place for fixing thefe drains is 
wheie the ftratum that conveys the water comes neareft 
to the furface; and the beft method of afeertaining 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 beft carry off the 
furface-water. It may not be improper to obferve, that 
where the different ftrata or meafures crop out, that is, 
become gradually more and more (hallow in fome cer- 
tain direction (as is often the cafe, till, one after the 
other, they all prefent themfelves in fuccefiion on the 
furface of the earth), draining may often be much more 
eafily and better effefted by crofting with the drain the 
different ftrata or meafures where the levels and other 
circumftances will admit. 

Some of the land drained was part of a common, in 
the parifh of Church Bickenhill, in the county of War- 
wick; part of it was covered with mofs and ling, had 
a peaty furface about fix inches deep, and produced 
little or no grafs : in all wet feafons it was filled quite 
to the furface, and often overflowed, with water. Some 
of the land was much more unfound, deeper of peat, 
and covered with mofs, in moft parts nine inches lon<>-; 
another part was an abfolute bog in all feafons. 

Having dug or bored with a large auger into feveral 
parts of the land, Mr Wedge found peat, gravel, and 
land mixed, and a quick-fand almoft uniformly. The 
quick-fand in every part, after 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 (ides and a co- 
verer of ftone, with a peat-turf on the top to keep out 
the foih 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 difeharged 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 fixes for the purpofe, and is very du- 
rable ; it coft about (ixpence per ton getting, exclufive 
of carriage. The drain thus formed ran on the whole 
lather freely, and made the land dry for a few yards on 
each fide thereof, but was far from having the effe& 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 moft, 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 miftaken. 

lie 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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Drains, thereof, and found the bog to be what has been defcil- 

'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 inflance, of quick-fand), through which 
he found the water pafs. This he effefted 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 firft week in June 1791, three 
feet wide, on the declivity near the edge of the great 
bog. In the firft operation he dug through the peat, 
the hard fand, and gravel, and one fpade’s graft (about 
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 effed 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 perfectly'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 pofiible. This was left to run a few days, as before, 
and had the fame effeft, 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 perfeftly fo. The drain which was firft made, 
and continued running for fome tiqae during the pro- 
grefs of the main clofe drain, became gradually dry ; 
and has not, fince that drain was finifhed, difcharged 
one fingle drop of water. Great care was neceffary, 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 fides, 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 Ipade’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 ftratum of clay below it, as in moft places it did, 
the bottom, and. in fome inftances the fides, wanted no 
particular fecurity (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 

1 
their edges 
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on each fide of the bottom of the drain, Drain? 

forming two fides of a tr ough of peat 5 then fide ftones^* 
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, 
thirty acres of land, which, from being of no, value 
whatever, became worth at leaft 14 {hillings per acre of 
yearly rent. He likewife hollow-drained nine acres by 
the method prefcribed for the third clafs of wet lane. 
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 hag 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 palling 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 prefled by its fountain, and forced up thro* 
the weakeft parts of the clay, had formed a bog of ir- 
regular thicknefs 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 appeals 
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 ruing rapidly through thefe holes into the 
clofe drains, has effeaed a complete cure of this land, 
every part of which will now bear a horfe to gallop 
upon it. Thefe drains difeharge 3660 gallons an hour ; 
which is much lefs than they did at firft, as muft be the 
cafe in all bogs. This land will be worth twenty fhil- 
Ungs per acre. The draining coft twenty-five pounds ; 
and the length of the under-ground drains is eight hun- 
dred and fourteen yards. . 

Mr Wedge had juft finifhed (January 1792) drain- 
ing another piece of land, about forty-three acies. As 
this was intended to anfwer two purpofes, one, to dram 
the land, the other, to give an additional fupply of wa- 
ter to a mill-pool, and as a circumftance arofe in the 
execution of the work which frequently happens in 
draining land, namely, a fudden alteration in the po- & fition 

(a) He will probably find in time that he was 
Mr Bayley’s candour he will acknowledge it. 

under the fame miftake with Mr Bayley, and we hope that with. 
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©rains, fitlon of the under ftrata—a defcription thereof will (aa quoted by Withering, in his Arrangement of Bri- Drugs 

not, we hope, be thought tedious. This draining was tifti Plants,) mentions the effe&s of this fingular plant, II 
yr~‘~ begun at the level of a mill-pool, and continued, with- occafioned by the irritation of an ant, which he placed ,Dwartin^. 

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 defcribed as a cure for The ant, in endeavouring to efcape, was held faft by 
the fecond elafs of boggy land: but at or near that the vifcous juice of the imaller hairs till the large ones, 
place the under llrata 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 publifhed a fimilar account of 
deeper, he cemM not, with the level of the mill-pool, the fenlitive properties of the fundew, wdiich 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 » wh° fays> that when- 
hut as this could not cure the whole of the bog below, ever he made experiments on the droftera with ants and 
he branched out another drain (which was made by the other diminutive infedts, he commonly found them perifh 
method defcribed 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 ftrata 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 feds, 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 neceflary to the welfare 
drain advanced,^ ftill boring other holes, in the manner of the plant t” And it is furely worth fome botanifTs 
before defcribed : through many of thefe holes the wa- while to take fome pains to anfwer the queftion. 
ter rufhed with great rapidity. The water difcharged .DRUGS (fee £ncyc/.) are fo commonly counter- 
by thefe drains into the mill-pool is 168 gallons per mi- feited, 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^ong 
rate of 1,379,700 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 che- 
bout twelve acres on. the north fide were an abfolute mills and apothecaries (hops. The counterfeit, how- 
pulp, and the remaining twenty fix acres very unfound, ever, is made up with fuch dexterity, thaf not only the 
The whole is now found, and will, when cultivated, be merchant and drug-broker, but even the man of fl<ill, is 
worth fixteen fhillings per acre. This land would have fometimes deceived ; and indeed nothing can detedft this 
been drained at a much lefs expcnce into the main open impofition but a practical knowledge of ehemiftry. We 
drain ; but then the water, which was m-uch 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 in 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 atricle, we have loft much labour if it be not fuffi- 

Jmportant as this fubjetl is, we mull not enlarge this ciently perfpicuous to enable every man, not an abfo- 
article, or we fhoiild make large extrads from Dr An- lute ftranger to phyfical fcience in all its branches, to 
derfon’s Pradical Treati/e on Draining Bogs and Swam- detedt the common impofturts of dru'j-fellers. 
Py Grounds, lately publifhed. It is proper, however, DUFTER, in Bengal, an office or department, 
to inform the public, that the author puts in his claim Dvftf.r Cana, the place where the office is kept 
for being the firfl difcoverer 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. 1000 ; and the reader who fhall turn Staunton was attradled on the following occafion : 
to the article Drains in the Encyclopaedia, will per- When the embaffy was at Chufan (See Chusan in 

o¥inAS well-founded- , tllis Supplement), the gentlemen who went on fhore IJKUbbE.d/i Anglicana, or the Sundew (lee 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 
uiually growing entangled with mofs on peat bogs; the with earth, dwarf pines, oaks, and orange trees bear- 
ieaves are cunoufly fringed with numerous ftrong red- ing fruit. None of them exceeded in height two feet, 
difh hairs, terminated by finall pellucid globules of vif- Some of thofe dwarfs bore all. the marks of decay from 
cous liquor, which occafion, by the refle&ion of the age : and upon the furface of the foil were interfperfed 
fun, that-peculiar luftre from which its name is derived, fmall heaps of Hones, which, in proportion to the ad- 
it is in thele hairs that thefe effential properties of the joining dwarfs, might be termed rocks. Thefe were 
plant refide ; for :f a fmall infedl Ihould 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 illufion, and to give 
one by one, till the infedf is wholly environed by them, an antique appearance to the whole. This kind of 
and then the leaf in which it is impnfoned gradually Hunted vegetation feemed to be much relifiied 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 infecl 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 eda part of the gardener’s Ikill, and was an art invented 

3R2 in 



D \V A [ J°° ] DYE 
Befide tlie mere merit of overcoming whatever form the operator wilhes : and when the ap» Dyeings, 

pearance of age and decay is meant to be given to a ^ 
Dwarfing, in that country.   

V   a difficulty, it had that of introducing vegetables into 
commbn apartments, from which their natural lize mull 
otherwife have excluded them. 

The general method of obtaining vegetable dwarfs is 
faid to be 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 moift by water. In confequence of this 
application, continued fometimes above a twelvemonth, 
fmall tender fibres fhoot down like roots from the wood 
into the mould. The part of the trunk emitting thofe 
new fibres, together with the branch riling 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 Item of the vegetable thus transformed in fome 
meafure. This operation does not deftroy or alter the 
productive faculty which thofe parts enjoyed before their 
ieparation from their parent root. I hat 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 dock. 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 Tides. Theft: branchlets arc bent by wires to 

dwarf tree, it is repeatedly fmeared with treacle or mo- 
laffes, which attracts multitudes of ants, who, in pur- 
fuit of thofe fweet juices, attack the bark, and, by a 
gradual corrofion of it, produce the delired effeCt. 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 conhfts in affifting Nature in its moft 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 fuch 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- 
cefiity 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. 

D Y N A 

Definition. HTHIS name marks that department of phyfico.ma- 
-l thematical fcience which contains the abftraCt 

doCtrine 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. . 

Obiedt of All changes of motion are confidered by us as the in- 
dy namica is dications, the charaCteriftics, and the meafures of chan- 
change of ging 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 muff derive all our knowledge of thofe 
which we caufes. WTen we appeal to our own thoughts or feel- 
call its mo- jpgs, we do not find in ourfelves any difpofition to refer 
tlon‘ 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 abftraCfion, 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 fuggeftions of our minds. 

3. We cannot have any notion of motion in aljlraElo, 
without confidering it as a ftate 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. 

M EC S. 

When we look around us, we cannot but obferve Mechanical 
that the motions of bodies have, in moft cafes, if not relation, 
always, fome relation to the lituation, the diftance, and what* 
the diferiminating qualities of other bodies, ft 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 occaiion, at leaft, of the motions of the 
other. The caufes of thefe motions have an evident 
connection with or dependence on the other body. W^e 
are even difpofed to imagine, that they are inherent in 
that body, and that it pofleffes certain qualities which 
are the caufes of thole modifications of motion in other 
bodies, ft'hefe ferve to diftinguilh 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 interefting rela- 
tions of bodies, and are chiefly attended to in the enu- 
meration of the circumftances which afeertain what we 
call the nature of any thing. Vi^e 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 confider- 
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 



which is faid to attra£l 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 ftone, 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 ftone and 
the earth. Therefore the caufe of the motions may be 
conceived as inherent in either, or in both. 

Force and The qualities thus inherent in bodies, conftituting 
Atttonzre their mechanical relations, have been called the mecha- 

termswhenN1 cA^ affections of matter. But they are more 
»fed in me-cot?rnonly named powers or forces; and the event 
chanifm; which indicates their prefence, is coniidered 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 ftone, 
and the iron and the ftone are faid to act on the 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 
exprefied the moft familiar and the molt 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 exprefling one of them ferved very 
well for exprefling the other; becaufe the diflimilar 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 

5 hill. Languagesare thnsfilledwithfigurativeexpreflions. 
But the a- Power, Force, and Action, are words which muft 

notirTthe have aPPeared >n the language of the moft fimple peo- 
force, but P^6 » becaufe the notions of perfonal ability, ftrength, 
in the ef- and exertion, are at once the moft familiar and the moft 
feeft. 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 action of 
a fentient, aftive, being. Such a being only is an 
agent. The exertion of his power or force is (exclu- 
fively) aftion : But the relation of caufe and effea fo 
much refembles in its refults the relation between this 
force and the wqrk performed, that the fame term may 
be very intelligibly employed for both. Perhaps the 
only cafe of pure unfigurative a&ion 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 add on the external body. 
Our real adh'on therefore is but the firft movement in 
a long train of fucceflive events, and is but the remote 
caufe, of the interefting event. The refemblance to fuch 
adiions is very ftrong indeed in many cafes of mechani- 
cal phenomena. A man throws a ball by the motion 
ol his arm. A fpring impels a ball in the fame manner 
by unbending. Thefe two events refemble each other 
in every circumftance but the adtion 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 
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refemble the ultimate refults of our actions on bodies, 
we have not invented appropriated terms, but have con- 
tented ourfelves with thofe already employed for ex- 
preffing our own adlions, the exertions of our own 
powers or forces. The relation of phyfical caufe and 
eftedt is expreffed metaphorically in the words which 
belong properly to the relation of agent and adtion. 
This has been attended by the ulual confequences of 
poverty of language, namely, ambiguity, and fometimes 
miftake, both in our refiedtions (which are generally 
carried on by mental difeourfe), our reafonings, and 
our conclufions. It is necefiary 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 adfivity and of caufation, and even denied 
that there is any difference ; and they have affirmed, 
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 effedl. 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 actions. According to thefe philofophers, a particle 
of gravitating matter perceives its relation to every other 
particle in the univerle, and determines its own motion 
according to fixed laws, in exaft conformity to its fitu- 
ation. But the language, and even the aiftions of all 
men, fhew that they have a notion of the relation of an 
agent to the adlion, eafily diftinguiihable (becaufe all 
diftinguifli it) from the relation between the phyfical 
caufe and its effeft. The proofs of this faft have been 
adduced in other parts of the Encyclopaedia Britannica, 
as, for example, in the article Philosophy, n° 42. and 
in this Supplement in the.article Action, 

Tneie remarics are not made in this place for any phi- 
lological purpofe, fuch as the mere improvement of Ian* 
guage ; but becaufe this metaphorical language has af- 
fedted the dodtrines of mechanical philofophy, and has' 
produced a diipute about fome of its firft principles; and 
becaufe we find that the only way to decide this difpute: 
is to avoid, moft fcrupuloully, all metaphorical language,, 
though at the expenee of much circumlocution. $ 

W hen we fpeak of powers or forces as reliding in a Diredb'ora 
body, and the effedt as produced by their exertion, the for the 

body, confidered as poffeffing the power, is faid to act emrloy
f\ • 

on the other.. A magnet is faid to act on a piece ofSogy. 
non ; a billiard ball in motion is faid to adl on one 
that is hit by it : bat if we attempt to fix our atten- 
tion on this action, as diftindt both from the agent 
and the thing adted on, we find no objedr of contem- 
plation— the exertion or procedure of nature in produ- 
cing the effedt does not come under our view. When, 
we /peak' of the adion as diftindt from the agent, we. 
find that it is not the adiion, properly fpeaking, but 
the aft, that we fpeak of. In like manner, the^dtiou. 
ot a mechanical power can be conceived only in the ef- 
fedt produced. 

A man is not faid to adt unlefs he produces fome A61 ion 
effedt. Thought is the adt of the thinking principle ; implies 
motion of the limb is the aft of the mind on it. In-C^an^e’ 
mechanics, alfo, there is a&ion only in fo far as there and.mere 

  1  1 rr C\ , . _ ■' motion is is mechanical effedt produced. I muft adt violently inStakL 
order: 
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order to begin motion on a Aide : I nuift exeit force, 
and this force exerted produces motion. I conceive 
the produftion of motion, in all cafes, as the exertion 
of force ; but it requires no exertion to continue the 
motion along the Aide ; I am confcious of none, there- 
fore I ought to infer that no force is neceffary for the 
coatinuation of any motion. The continuation of mo- 
tion is not the produ&ion of any new effe&, but the 
permanency of an efFed already produced. We in- 
deed confider motion as the effed of an adion ; but 
there would be no effed if the body were not moving. 
Motion is not the adion, but the effed of the adion. 

Mechanical adions have been ufually claffed under PreJTton, tin- -—  - T 
Qttlfnn. two heads : they are either Pressures or Impulsions. 

They are generally confidered as of different kinds; the 
exertions of different powers. Pressure is fuppoied 
to differ effentially from Impulse. 

Inltead of attempting to define, or deferibe, thefe 
two kinds of forces and adions, we Aiall jufl mention 
fome inftances. This will give us all the knowledge of 
their diftindions that we can acquire. 

Examples When a ball lies on a table, and I prefs it gently on 
of preflion. one fide, it moves toward the other fide of the table. 

If I follow it with my finger, contmuing 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 effeds of genuine preffure. The 
ball would be urged along the table 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 
irtelf urge round the fly with a motion accelerating m 
the fame way. The more I refled 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- 
fed limilarity ; and l call thefe influences, exertions, 
or adions, by one name, pressure, taken from the 
moff familiar inftance of them. , . 

Again, the verv fame motion may be produced m 
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 cat! 
the influence or adion of the thread on the ball or ma- 
chine by the fame name pressure, and weight is con- 
fidered as a preffmg power. Indeed I feel the fame com- 
preffion from the real preffure of a man on my fhoul- 
ders that I would feel from a load laid on them. But 
the weight in our example is ading 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 ot cobehon ; and 
this pulls at a third, and fo on, till the moft remote 
pulls at the ball or the machine. 1 bus m?y dauioty, 

, weight, cohelion, and other forces, perform the othce 
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 
makes 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 pov/er ading on the 

weight. Nay, after a very little refinement, I conhder 
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this power as the caufe of the body’s weight; which 
word is but a diftinguifhing name for this particular 
inftance of preffing power. Gravitation is therefore 
added to the lift of preffures ; and, for fimilar reafons, 
the attradions and repulfions of magnets or eledric bo- 
dies may be added to the lift ; for they produce adual 
compreffions of bodies placed between them, and they 
produce motions gradually accelerated, precifely as gra- 
vitation does. Therefore all thefe powers may be dil- 
tinguifhed by this deferiptive name prejfures, which, in 
ftrid language, belongs to one of them only. 

Several writers, however, fubdivide this great clafs Gravity,at* 
into preffions and felicitations. Gravity is a folicita- tradions, 
tion ab extra, by which a body is urged downward, 
In like manner, the forces of magnetifm and ekdricity,^^*^ 
and a valt variety of other attradions and repulfions, as pre^onSt 
are called folicitations. We fee little ufe for this dii- 
tindion, and the term is too like an affedion of mind. 

Impulsion is exhibited when a ball in motion putsExat^pies 
another ball into motion by hitting, or (to fpeak meta-of impuf- 
phorically) by ftriking it. The appearances here are Aon. 
very different. The body that is ftruck acquires, in 
the inftant of impulfe, a fenfible quantity of motion, and 
fometimes a very rapid motion. This motion is neither 
accelerated nor retarded after the ftroke, unlefs it be af- 
feded 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 ftruck ball 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 confufed 
or indiftind notion of a fort of transference of motion 
from one body to another. The phrafeology in gene- 
ral ufe on this fubjed expreffes this in the moft precife 
terms. The one ball is not laid 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 indiftinB notion ; for furely Communi* 
no one will fay that he has any clear conception of it. cation of 
We can form the moft diftind notion of the communi- motion, not 
cation of heat, or of the caufe of heat; of the communi- 
cation of faltnefs, fweetnefs, and a thoufand other 
things ; but we cannot conceive how part of that iden- 
tical motion which was formerly in A, is now infuled 
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 exift independently, and 
is fufceptible of adual transference. It appears in this 
cafe to be a ftate, or condition, or mode of exiftence, 
of which bodies are fufceptible, which is producible, or 
(to fpeak without metaphor) caufable, in bodies, and 
which is the effed and charaderiftic of certain natural 
qualities, properties, or powers. We are anxious to have 
our readers impreffed with clear and precife notions on 
this fubjed, being confident that fuch, and only fuch, 
will carry them through fome intricate paths of mecha- 
nical and philofophical refearch. _ . to ' 

The remarkable circumftance in this phenomenon is, Imherent 
that a rapid motion, which requires for the effeding ;g the 
the adion of a preffing power, continued for a fenfible, diftindive 
and frequently a long time, feems to be effeaed in 
inftant by impulfion. This has tended much to fup- 
port the notion of the adual transference of fomething 1 formerly 
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formerly pofTefied exclufively by the finking 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 Jlriking body affedls the body which it thus 
impels : It therefore poffeil'es the power of impulfion, 
that is, of communicating motion. It poflefies it only 
while it is in motion. This power, therefore, is the 
efficient diltinguifhing 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 molo. This 
force is transfufed into the body impelled ; and therefore 
the transference is inftantaneous, and the impelled body 
continues its motion till it is changed by fome other ac- 
tion. All this is at firll fight very plaufible ; but a 
fcrupulous attention to thofe feelings which have given 
rile to this metaphorical conception, ffiould have pro- 
duced very different notions. I am confcious of exer- 
tion in order to begin motion on a flide ; but if the ice 
be very fmooth, I am confeious of no exertion in order 
to Aide along. My power is felt only while I am con- 
fcious of exerting it : Therefore I have no primitive 
feeling or notion of power while I am Aiding 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 fhape from their 
feelings. We mufl continue the exertion of walking in 
order to walk on ; our power of walking mufl be conti- 
nually exerted, otherwife we fhall flop. But this is a very 
imperfeft, 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. 

rT This renewed afcent requires repeated exertion. 
And faid to We have other obfervations of importance yet to 
j*6 ma^e on force of moving bodies, but this is not 
tLn^prefi. t'ie mo^ ProPer occafion. Mean while we mufl remark, 
{ion. that the inflantaneous produdlion of rapid motion by 

impulfe has induced the rirfl mechanicians of Europe 
to maintain, that the power or force of impulle is un- 
fufceptible of any comparifon with a preffing power. 
I hey have afferteo, that impulfe is infinitely great when 
compared with preffure; not recolkaing 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 diretlion, one of which is defcending by gravity 
and the other has derived its motion from a blow. 
This flruggle of the mind to maintain its faith, and yet 
accommodate its dodlrines to what we fee, has occa- 
fioned fome other curious forms of expreffion. 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 ineffedlual 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 

M I C S. 503 
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 mufl now add, that in order to prove that im-Arguments 
pulfe is infinitely greater than preffure, thefe mechanici-h'diftintft 
ans turn our attention to many familiar facls which plead a!lcJd,1C011* 
flrongly in their favour. A carpenter will drive a nailClU1Ve* 
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 Oliver into pieces a diamond 
which would carry the weight of a mountain. Seeing 
this prodigious fuperiority in the impulfe, how fiiall 
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 confider 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 forcererice be> 

effentially different in their nature. It is virtually gj. W6611 P1"6^ 
ven up by thofe who fay that impulfe is infinitely great-[mpuifitn. 
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-fatisfaCtorily the remarkable diffe- - 
rence that is really obfcrved iu the two modes of pro- 
ducing motion ; namely, the gradual production of mo- 
tion by acknowledged preffure, and the inilantaneons 
production of it by impulfe. Indeed, we ffiould not 
have taken up fo much of our reader’s attention with 
this fubjeCt, had it not been for fome inferences that 
have been made from thefe premifes, which meet us in 
our very entry on the confideration of firfl principles,, 
and that are of extenfive influence on the whole fcience 
of mechanical philofophy, and, indeed, on the whole 
ftudy of nature. ■ ia 

Mechanicians are greatly divided in their opinion k impul- 
about the nature of the foie moving force in Nature.flo:i the foIe 

Thofe whom vve are now fpenking 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 w^e fee that this production of 
motion is regulated by fuch laws, that there is hut one 
ahfolute quantity of motion in the univerfe which re- 
mains unalterably the fame. It muff therefore be tranf- 
fufed in the aCls of collifion. We alfo fee, with clear 
evidence, in fome cafes, that motion can produce pref- 
iure. Euler adduces fome very whimfical and compli- 
cated cafes, in which an adion, precifely fimilar to pref- 
fure, may be produced by motion. Thus, two balls 
connedled by a thread, may be fo {truck that they ffiall 
move forward, and at the fame time wheel round. In 
this cafe the conne&ing thread will be ftretched be- > 
tween them. Now, fay the philofophers, fince we fee mo- 
tion, and fee that preffure may be produced by motion^, 
it is prepoftero.us to imagine that it is any thing elfe than 

a 
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a refult of certain motions ; and it is the buiinefs of a 
philofopher to inquire and ditcover what motions pro- 
duce the preffures that we obferve. 

They then proceed to account for thofe preffing 
powers', or folicitations to motion, which we obferve in 
the acceleration of falling bodies, the attraftions of mag- 
netihn 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 diltance. To fay that a 
magnet cannot a£t on a piece of remote iron, is to fay 
that it can aft ‘where it is not; which is as abfurd as 
to fay, that it can aft <when it is not. Nihil movetur, 
fays Euler, ntfi a contlguo et mnto. 

How does ^ bulk of thefe pbilofophers are not very anxious 
it produce about the way in which thefe motions are produced, 
|>reffure? nor do they fall upon fuch ingenious methods of pro- 

ducing preflfure 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 dream of fluid iffuing 
from one pole of the magnet, which circles round the 
-magnet, and enters at the other pole : This ftream im- 
pels the iron, and arranges it in certain determined po- 
fitions, juft as a ftream of water would arrange the 
flote grafs. In the fame manner, there is a ftream 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. 

SncoTtipa- It is unneceflary to refute this doflrine at prefent y 
tibie with enough that it is contrary to all the dictates of 
the™les of common fenfe. To fuppofe an agent that we do not fee, 
w P and for whofe exiftence we have not the fmalleft argu- 

ment ; with equal propriety we might fuppofe mini- 
ftering fpirits, or any thing that we pleafe. 

Others Other philafophers are fo diffatisfied with this notion 
maintain of the produftion of preffure, that they, on the other 
that pref- hand) afftrm that preffure is the only moving force in 
iure is the nature not according to the popular notion of pref- 

force?071"2 fure, by the mutual contaft of folid bodies, but that 
kind of preffure which has been called folicitation ; 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 fa£ls (fee Optics, n 63 68. En~ 
cycl), that the particles of folid bodies exert very ftrong 
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 diminifhed. And they then fhew, by a fcru- 
pulous confideration of the ftate 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 colliiion remains unchan- 
ged, the one body gaining as much a«,the other lofes. 
They alfo {hew cafes of fuch mutual a&ioa between 
bodies, where it is evident that they have never come 
into contact; 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 
transfufion of motion, by contadl in collifion or impulfe. 
The reafon why previous motion of the impelling body 
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is neceffary, is not that it may have a •vis infita rcrpnri 
moto, a force inherent in it ly Us being in motion, but 
that it may continue to follow the impelled and retiring 
body, and exert on it a force inherent in itfclf, 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 (hall know 
it afterwards by the more familiar and deferiptive name 
of Accelerating or Retarding force. 14 

The exertions of mechanical forces are differently ARion, Re*, 
termed, according to the reference that we make to the/^^> 
refult. If, in boxing or wreftling, I 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 diftinftion is applied 
to the exertions of mechanical powers. When one bo- 
dy A changes the motion of another B, we may confi- 
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 
confiderations, to make of its effect. 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 relifted. The 
whole language on this fubje£t is metaphorical. Re- 
fiftance, effort, endeavour, &c. are words which cannot 
be employed in mechanical difeuffions without figure, 
becaufe they all exprels notions which relate to fentient 
beings ; and the unguarded indulgence of this figura- 
tive language has fo much affefted 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 expreffing that 
mutual force which is perceived in all the operations of 
nature that we have inveftigated with fuccefs. As the 
magnet attradfs iron, and in fo doing is faid to a# on 
it ;bfo the iron attradls the magnet, and may be faid to 
read on it. 15 

With refpedl to the difficulty that has been objedted We need 
to the opinion of thole who maintain that all the me- 
chanical phenomena are produced by the agency of at'jiftance. 
tradling or repelling forces; namely, that this fuppofes ‘Tendency. 
the bodies to adt on each other at a diftance, however 
fmall thofe diftances may be, which is thought to be 
abturd, we may obferve, that we iflay afenbe the mu- 
tual approaches or receiles to tendencies to or from 
each other. What we call the attrattian of the magnet 
may be confidered as a tendency of the iron to the mag- 
net, fomewhat fimilar to the gravitation of a ftone to- 
ward the earth. We furely (at leaft the unlearned) 
can and do conceive the iron to be affedhed by the mag- 
net, ‘without thinking of any intermedium. The thing 
is not therefore inconceivable ; which is all that we 
know about abfurdity 1 and we do not know any thing 
about the nature or effence 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, muft be granted ; but this is not enough 
to entitle us to fay, that fuch a thing is impoffible or m- 
confiftent 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 it be true that bodies do not come into contact, even 
when one ball hits another, and drives it before it, this 
infiiible fluid will not folve the difficulty; becaufe the 
fame difficulty occurs in the adtion of any particle of 
the fluid on the body. We are obliged to fay, that the 
production of motion without any ob/erved contadt, is a 
much more familiar phenomenon than the production 
of motion by impulfion. More motion has been pro- 
duced in this way by the gravitation of a fmall ftream 
of water, running ever fmce 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 attradts the iron ; it only 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. In the language of ancient 
Rome, there was no metaphor when VirgiTs hero find, 
Tendimus in Latium. "7"aide re verfus folem means, in 
plain Latin, to approach the Jun. The fafe way of con- 
ceiving the whole is to fay, that the condition of the 
non depends on the vicinity of the magnet. 

When the exertions of a mechanical power are ob- 
served to be always diredted toward a body, that body 
is faid to attract; but udien the other body always 
moves off from it, it is faid to repel. Thefe alfo are 
metaphorical expreffions. 1 attradf 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- 
femble the refults of real attraction or repulfion. We 
muft be much on our guard to avoid metaphor in our 
conceptions, and never allow thofe words to fuggeft 
to our mind any opinion about the manner in which the 
mechanical forces produce their effedts. It is plain, 
that if the opinion of thofe who maintain the exiflence 
mid adtion of the above-mentioned invifible fluid be 
juft, there is nothing like attraction or repulfion in the 
univerfe. We muft always recur to the iirnple pheno- 
menon the motion to or from the attraction or repel- 
mg body ; tor this is all we fee, and generally all that 

we know. 
We conceive one man to have twice the ftrength of 

another man, when we fee that he can withftand the 
united effort of two others. Thus animal force is con- 
ceive^ as a quantity, made up of, and meafured by, its 
own parts. But we doubt exceedingly whether this 
be an accurate conception. We have not a difiindt no- 
tion of one ftrain added to another ; though we have of 
their being joined or combined. We want words to 
exprefs the difference of thefe two notions in our own 
minds; but we imagine that others perceive the fame 
difference. We conceive clearly the addition of two 
lines or ot 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 
two equal forces are not double of one of them. We 
meaiure them by the effefts which they are known to 

xi-2* Tet t^ere are not wanting many cafes where the action of two men, equally ftrong, does not produce 
a double motion. r 

In like manner, we conceive all mechanical forces as 
meaffirable by their effiefts; and thus they are made 
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the fubje&s of mathematical difeuffion, We talk of 
the proportions of gravity, magnetifm, ele&ricity, See. ; 
nay, we talk of the proportion of gravity to magne- 
tifm : Yet thefe, confidered in themfelves, are difpa- 
rate, and do not admit of any proportion ; but they 
pioduce effects, fome of which are meafurable, and 
whofe affumed meaiures 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 rneafurable effedts of mag- 
netifm that are of the fame kind with any effects of 
heat. 

\\ hen we fay, that the gravitation of the moon is thegy 
30coth part of the gravitation at the fea-fhore, we effects, 
mean that the fall of a Hone in a fecond is 3600 times 
greater than the fall of the moon in the fame time. 
But we alfo mean (and this exprefles the proportion of 
the tendency of gravitation more purely), that if a Hone, 
when hung on a fpring fleelyard, draw out the rod of 
the fteelyard to the mark 3600, the fame Hone, taken 
up to the diflance of the moon, will draw it out no 
fuither than the mark 1. We alfo mean, that if the 
jtone at the fea-fhore draw out the rod to any mark, 
it will require 3600 fuch Hones to draw it out to that 
mark, when the trial is made at the diHance of the moon. 
It 13 not, therefore, in consequence of any immediate 
peiception of the proportion of the gravitation at the 
moon to that at the furface of the earth that we make 
inch an affertion but thefe motions, which we coriii- 
1 ei as its eflefts in thefe lituations, being magnitudes of 
the fame kind, are fufceptible of companion, and have 
a proportion which can be afeertained by oblervation. 
It is thefe proportions that vve contemplate ; although 
we fpeak of the proportions of the unfeen caufes, the 
forces, or endeavours to defeend. It will be of mate- 
rial fervice to the reader to perufe the judicious and 
acute differtation on quantity in the 45th volume of the 
Rhilofophical Tranfaftions ; or he may Hudy the article 
Quantity in the Lncyclopadia, where, we trull, he 
will fee clearly how force, velocity, denfity, and many 
other magnitudes of very frequent occurrence in me- 
chanical philofophy, may be made the fubjefts of ma- 
thematical difeuffion, by means of fome of thofe proper 
quantities, meafurabie by their own parts, which are to 
be a flamed as their meafures. Preflures are meafurable 
ojdy by preflures. When we, eoniider them as mo- 
ving powers, we fhould.be able to meafure them by any 
moving powers, otherwife wc cannot compare them 
therefore it is not as preffures that we then meafure 
them. I his obfervation is momentous. 

One circumHance muH be carefully attended to. 
ihat thofe affumed meafures may be accurate, they 
muH be invariably connefted with the magnitudes which 
they are employed to meafure, and fo connefted, 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 muft alfo knoiv this of the mea- 
iure we employ ; we muft fee this conftant and precife 
relation. How can we know this ? We do not per 
ceive 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 

3 ® their 
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their bales, 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 defkaion ?-Clearly. In faft, the very 
exiftence 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 from the ob- 
ferved magnitude of th# acceleration. ■ Our meafures 
are therefore ijeceflarily conneded with the magnitudes 
which they meafurc, and their proportions are the fame j 
becaufe the one is always an inference from the other, 
both in fpecies and in degree. 

n ■ It is now evident, that thefe difquifitions are fufcep- 
“ aTmon-tihle of mathematical accuracy. Having feledted our 
llrative meafures, and obferved certain mathematical jelatio-ns 
icknce. tp0fe nleafures, every Inference that we can draw 

from the mathematical relations of the proportions of 
thofe rcprefentations 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 clifdplintt accurate. _ , 

19. But moving forces are confidered as differing alfo m 
kind; that is, in dire&ion. We afiign to the force 
the diredion of the obferved change of motion ; which 
is not only the indication, but alfo the charaderiltic, of 
the changing force. We call it an accelerating, retard- 
ing, dejletling, force, according as we ohfercethe motion 
to be accelerated, retarded, or defle&ed. 

Thefe denominations fhew us inconteftably that we 
have no knowledge of the forces different from our 
knowledge of the effeds. The denominations are all 
either descriptive of the effeds, as when we call them 
accelerating, penetrating, protrufive, attradive, or re- 
pulfive forces ; or they are names of reference to the 
fubflances in which the accelerating, protrufive, &c. 
forces, are fuppofed to be inherent, as when we call them 

40 magnetifm, ekBricity, corpufcular, &c. . 
Forces a-e When I ftruggle with another, and feel, that in order 
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tual, oppofite, and equ/: for we muft apply force 
equally to a or to b, in order to produce a reparation 
or a compreffion. We learn their equality, by obfer- 
ving that no motion enfues while thefe mutual forces 
are known to ad on the particles ; that is, each is op- 
pofed by another force, which is neither infeiior nor iu- 
perior to it. 

Of the Lav/s of Motion. 

Such, then, being our notions of mechanical foices, 
the caufes of the fenfible changes of motion, there will 
refult certain confequences from them, whicn ma) be 
called axioms or laws of motion. Some of theie may 
be intuitive, offering themfelves to the mind as ioon aS 
the notions which they involve are prefented to. it. 
Others may be as neceffary refults from the relations 
of thefe notions, but may not readily offer themfelves 
without the mediation of axioms of the firfl clals. We 
fhall feled thofe which are intuitive, and may he taken 
for the firfl principles of all difeuffions in mechanical 
philofophy. 

First Law of Motion. 

forces a c w ncu I uruggic wim > 
difeovered tQ prevent being thrown, I muff exert force, I learn 

KSS'that my antagomft is exerting force. ^ This notion is poiiuon to J o  ,IfVipn ^ rr,twiner nower which 
other for- transferred to matter; and when a moving power which 
ces. is known to operate, produces no motion, we conceive 

it to be oppofed by another equal.force; the exiftence, 
airency, and intenfity of which is deteded and mea- 
fured by thefe means. The quiefeent ftate of the body 
is confidered as a change on the ftate of thdt 

would have been exhibited in confequence of the known 
adlon of one power, had this other power not aded; 
and this change is confidered as the indication, charac- 
teriftic, and meafure of another power, deteded in 
this way. Thus forces are recogniled not only by the 
changes of motion which they produce, but alio by 
the changes of motion which they prevent. 1 he c.o- 
hefion 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 gravity is act- 
ing on the ball, which, however, does not fall. 1 he.io- 
lidity of a board is equally inferred from its flopping 
the ball which ftrikes it, and from the motion of the 
hall which it drives before it. In this way we learn 
that the particles of tangible matter cohere by means of 
moving forces, and that they refill compreffion with 
force ; and in making this inference, we find that this 
oorpufcular force exerted between the particles is ijiu- 

Every body continues in a fate of rejl, or of uniform rec- 
tilineal motion, unlefs afetled by fame mechanical force. 

This is a propofition, on the truth of which the whole 
fcience of mechanical philofophy ultimately depends. It 
is therefore to be eftablifhed on the firmeft foundation ; 
and a folicitude on this head is the more juftifialfie, 
becaufe the opinions of philofophers have been, and tuU 
are, extremely different, both with refped to the truth 
of this law, and with refped to the. foundation on 
which it is built. Thefe opinions are, in 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 
fufficient that this one be eftablifhed and uniformly ap- 
plied ; yet a fhort expofition, at leaft, of the reft is iie- 
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 
imperfed or erroneous conceptions of it. n • , 

It is not only the popular opinion that reft, is the Does coi 
natural ftate of body, and that motion is fomething fo-tinned rr. 
reign to it, but it has been feriouily maintained by the conij rciyu it-* uuu aw ****>-' j i r i cate c 
greateft part of thofe who are efteemed philofophers. nued 
They readily grant that matter will continue at relation? 
unlefs fome moving force ad upon it. Nothing feeros 
neceffary for matter’s remaining where it is, but its 
continuing to exift. But it is far otherwife, fay they, 
with refped to matter in motion. Here the body is 
continually changing its relatipns to other things; there- 
fore the continual agency of a changing caufe is necei- 
fary (by the fundamental principle of all philofophical 
difculfton), for there is here the continual produ61ion 
of an effed. They fay that this metaphyfical argu- 
ment receives complete confirmation (if confirmation 
of an intuitive truth be neceffary) from the moll 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. ^fij 

Thefe philofophers therefore affert, that the conti- 
nual adion pf the moving caufe is ejfenttally neediary eiemenl for ijunds. 
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rirft taw for the continuance of the motion : but they differ 

of Motion, among themfelves in 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 <p^>s 
and 'vj-Tip^ux* of Ariltole, which they call an Ele- 
mental Mind, which is the caufe of a// its motions 
and changes. An overweaning reverence for Greek 
learning has had a great influence in reviving this doc- 
trine of Ariftotle. The Greek and Roman languages 
are affirmed to be more accurate expreffions of human 
thought than the modern languages are. In thofe an- 
cient languages, the verbs which exprefs motion are 
employed both in the aftive and paffive voice ; whereas 
we have only the adtive verb to move, for expreffing 
both the ftate of motion and the adl of putting in mo- 
tion. “ The Hone moves down the flope, and moves 
all the pebbles which lie in its way but in the an- 
cient languages the mere ftate of motion is always ex- 
preffed by the paffive 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.” Kivuia,, movetur, is equi- 
valent to “ it is moved.,, According to thefe 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} “ fch bevuegen,” in 
German ; “ dvigatfu” in Sclavonic ; are all paffive or 
refleaed. And the ancients faid, that “ rain falls, wa- 
ter runs, fmoke rifes,,, juft as we do. The ingenious 
author of Ancient Melapbyjics has taken much pains to 
gives us, at length, the procedures of thofe elementary 
minds in producing the oftenfible phenomena of local 
motion ; but it feems to be merely an abufe of lan- 
guage, and a very frivolous abufe. This elemental 
mind is known and charaaerifed only by the effea 
which we aferibe to its aaion ; that is, by the motions 
or changes of motions. Uniform and unexcepted ex- 
perience ftiews us that thefe are regulated by laws as 
preede as thofe of mathematical truth. We coniider 
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- 
polite than the name mind, and conveys with much 
more readinefs and perfpicuity the very notions that we 
wifh to convey. 

We now wiffi to know what reafon we have to think 
that the continual aaion of feme caufe is neceffary 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 neceifary 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 fource. 

If we take this way to come at the origin of this 
opinion, we fliall find that experience gives us no au- 
thority for faying that reft is thq, natural condition of 
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matter. We cannot fay that we have ever feen a body Krfl i,aw 
at reft ; this is evident to every perfon who allows the ^ Motion, 
validity of the Newtonian philofophy, and the truth 0f 
the Copernican fyftem of the lun and planets; all the 
parts of this fyftem are in motion. Nay, it appears 
from many obfervations, that the fun, with his attend- 
mg planets, is earned in a certain direftipn, 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: 18 eaiy> however, to fee, that it is from obferva- aj, 
tion that this opinion has been derived ; but the obfer- 
yation has been limited and carelefs. Our experiments 
in this lublunary world do indeed always require conti- 
nued aduon of fiome moving force to continue the mo- 
tion ; and if this be not employed, we fee the motions 
flacken every minute, and terminate in reft after no 
long period. Our fii ft notions of fublunary bodies ara 
indicated by their operation in cafes where we have fome 
intereft. Perpetually teeing our own exertions neceflary, 
we aie led to confider matter as fomething not only 
naturally quiefeent and inert, but fluggifh, averfe from 
motion, and prone to reft (we muft be pardoned this 
metaphorical language, becaufe we can find no other 
teim) What is expreffed by it, on this occafion, is 
precitely 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- 
dei to give it motion, and then we endow it with a fort 
of moral chara&er in order to explain the appearance 
of thoie motions. 

But more extended obfervat . n has made men gra- a6. 
dually defert their firft opinions, and at laft allow that 
matter ha& no peculiar aptitude to reft. All the retar- 
dations that we obferve have been difeovered, one after 
another, to have a diftinft reference to fome external 
circumfiances. The 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 
friction, &c. We find that the more we can keen 
thofe things out of the way, the lefs are the motions 
dimimfhed. A pendulum will vibrate but a flxort 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 almofl demonftrated by the motions 
of the heavenly bodies, to which we know of no ob- 
ftacles, 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-tnaa’4» 
reflly oppofite to that of the inaaivity of matter, and of»Jir 
allert, that it is elientially aftive, and continually chan- ^en,ed by 
ging its ftate. Faint traces of this are to be found in Leibnitz* 
the writings of Plato, Ariftotle, and their commenta- 
tors Mr Leibnitz is the perfon who has treated this 
queftion moil fyftematically and fully. He fuppofes Monadst 
every particle of matter to have a principle of indivi-what. J 

duality, which he therefore calls a Monad. This mo- 
3 S 2 
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Firft Law nad has a fort of perception of its tituation in the univerfe, 
of Motion. an^ 0f itg relation to every other part of this univerfe. 
 Laftly, he fays that the monad afts 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 thcfe modilications of motion that 
we obferve. Matter therefore, or at leaf! particles of 
matter, are continually attive, 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 aftion of animals, invalidate the ge- 
neral propofition which we are endeavouring to efta- 
blilh as the fundamental law of motion. Thofe powers 
of the monads, or of the elemental minds, are the 
caufes of all the changes of motion ; but the mere ma- 
terial particle is fubjeft to the law, and requires the 
exertion of the monad in order to exhibit a change of 
motion. 

A third fe& of philofophers, at the head of which 
we may place Sir Ifaac Newton, maintain the dodtrine 

faw^f mo- enounced in the propofition. But they differ much in 
tton fo>m refpedl of the foundation on which it is built, 
the want of Some affert that its truth flows from the nature of 
a determi- ^ th;ngt If a body be at reft, and you affert that it 

will not remain at reft, it muft 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, 
motion, it muft either be accelerated or retarded ; it 
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- 
fore 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 
reftilineal and equable motion. 

But confiderable obje&ions may be made to this ar- 
gument, of ftrjficient reafon, as it is called. In the im- 
menfity and perfeft uniformity of fpace and time, there 
is no determining caufe why the vffible 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 weil as a motion 
without a caufe. _ _ _ . 

Other phiiofophers, who maintain this doftnnej con- 
fider it merely as an experimental truth j and proofs of 
its univerfality are innumerable. , 

When a ftone 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 ftone 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 hand, 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, by continuing its rapid motion. We fee 
it ftill more diftinAly in {hooting an arrow from a bow. 
The firing preffes hard on the notch of the arrow, and 
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it yields to this preffure and goes forward. The ft ring Fi{l Law 
alone would go falter forward. It therefore continues 
to prefs the arrow forward, and accelerates its motion. 
This goes on till the bow is as much unbent as the 
firing will allow. But the firing is now a ilraight line. 
It came into this pofition with an accelerated motion, 
and it therefore goes a little beyond this pofition, 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. 

Thcfe'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 refleAion to trace the procefs. 
We have often feen an equeftrian fhowman ride a 
horfe at a gallop, Handing on the faddle, and flepping 
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 Hill. The 
man has the fame velocity with the horfe that gallops 
under him, and keeps this velocity while he fteps 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 Handing Hill to the 
back of another that gallops paft him, he would be left 
behind. In the fame manner, a flack wire-dancer toffes 
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 maft-head 
of a fhip that is failing brifkly forward, falls at the foot 
of the mail. 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 inflances 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 pofterior 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 
againft the hinder part of the carriage or boat. Pro- 
perly fpeaking, it is the carriage that ftrikes on them. 
In like manner, if we lay a card on the tip of the fin- 
ger, and a piece of money on 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 haflily drawn fide- 
wife from under them, &c. _ 

But common experience feems infuffkient for efta-Common 
blifhiag this fundamental propofition of mechanical phi-exrerience 
lofophy. We muft, on the faith of the Copernican fy.inkffiaenM 
flem, grant that wre never faw a body at reft, or in uni- 
form re&ilineal motion ; yet this, feems abfolutely r.c- 
ceffary before we can fay that we have eftablifhed this, 
propofition experimentally. 

What we imagine, in our experiments, to be putting 
a body, formerly at reft, into motion, is, in fa6l, 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 



Fifir Faw Jay with 60 times greater velocity than we have ever 
cf Muti'in, ^een ajjie {0 g.{ve . jt would appear to fet out with 

~v this unmeafurable velocity to the eaftvvard ; 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 fatt is quite 
the reverfe. Immediately before the difcharge, the ball 
was moving to the weftward wit h the velocity of 90,000 
feet per fecond nearly. By the explofion of the pow- 
der, and its preiluxt on the ball, fome of this motion is 
deftroyed, and at the muzzle of the gun, the ball is 
moving flower, and the cannon is hurried away from it 
to the weftward. The air, which is alfo moving to the 
weftward 90,000 feet in a lecond, 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 obfervations muft 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 fhew experimentally, that bodies /hew equal ten- 
dencies to refift the augmentation and the diminution of 
their relative motions, they, ipfo faElo, fhew 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 actions of their mu- 
tual powers) perfevere in their relative motions. The 
change produced on A is the effe& 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. Therefore let the following experiment be made 
at noon. 

Experi- Let A, apparently moving weftward three feet per 
ments pro- fecond, hit the equal body B apparently at reft. Sup- 

purpofe.tI e .T-^’ rP|iat 3mpels B forward, without any di- minution of its own velocity. This refult would fhew 
that B manifefts no tendency to maintain its motion un- 
changed, but that A retains its motion undiminifhed. 

2dly^ Suppofe that A flops, and that B remains at 
reft. This would fhew that A does not refift a diminu- 
tion of motion, but that B retains its motion unaug- 
mented. 

ciuppofe that both move weftward with the ve- 
locity of one foot per fecond. The change on A is a 
diminution of velocity, amounting to two feet per fe- 
cond. This is the effecl and the meafure of B’s ten- 
dency to maintain its velocity unaugmented. The change 
on 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 relult 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. 

^thlv, Suppofe that both move weftward at the rate 
of 1 £ feet per fecond. It is evident that their tendencies 
to maintain their ftates unchanged are now equal. 

S^/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 feccnd to its former velocity. Firft Law 
This is the effeft and the meafure of A’s whole ten-of Moti°n« 
dency to retain its motion undiminifhed. Half of this ' 
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^ot one toot per fecond. T.ach half of A therefore 
has 10ft 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 undimmifhed. The conclufion from 
fuch a refult would therefore be, that bodies have equal 
tendencies to maintain their former ftates of motion 
without augmentation and without diminution. 

^ What is frppofed in the qr/j and 5/Z1 cafes is really 
the refult of all the experiments which have been tried ; 
and tiiis law regulates all the changes of motion which 
are produced by the mutual a&ions of bodies in impul- 
fions. _ This affertion is true without exception or qua- 
lification. I hereiore it appears that bodies have no 
preferable tendency to reft, and that no fad can be ad- 
duced which fliould make us fuppofe that a motion once 
begun fboiild fuffer any diminution without the adion 
of a changing caufe. 
. But we millt n°w obferve, that this way of eftablifh-But expe- 
ing the firft law or motion is very imperfed, and alto-fience is 
gether unfit for rendering it the fundamental principleknotthcTm’ 
of a whole and extenfive fcience. It is fubjed to all [£r f°rmls" 
the inaccuracy that is to be found in our bell experi-axiom, 
ments ; and it cannot be appded to cafes where feru- 
pulous accuracy is wanted, and where no experiment 
can be made. 

Let us therefore examine the propofition 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 queftion that is fpee- 
dy and accurate, /hewing the propofition to be an axi- 
om or intuitive cqnfequence 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-Pr0°b 
diate objeds of our perception. Their very exiftence, 
their kind, and their degree, are inftindive inferences 
fiom the motions which we obferve and clafs. It evi- 
dently follows from this experimental and univerfal 
truth, yl. That where no change of motion is obfer- 
ved, no fuch inference is made ; that is, no power is 

fuppofed to ad. But whenever any change of motion 
is obierved, the inference is made ; that is, a power or 
force is fuppofed to have aded. 

In the fame form of logical conclufion, we muft fay 
that, 2dly, When no change of motion is fuppofed or 
thought of, no force h fuppofed; and that whenever we 

fuppofe a change of motion, we, in fad, though not in 
terms, fuppoie a changing force. And, on the other 
hand, whenever we fuppofe the adion of a changino- 
force, we fuppofe the change of motion ; for the adion 
of this force, and the change of motion, is one and the 
fame thing. Vv e 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 
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. in terms, .. ri  
changing force ; that is, that there is no change 

It is a law Whenever, therefore, we fuppofe that no mechanical 
of human force is acting on a body, we, in faft, fnppofe that the 
thought, ^ol}y continues in its former condition with refpeft to 

motion. If we fuppofe that nothing accelerates, or re- 
tards, or defle&s the motion, we fuppofe that it is not 
accelerated, nor retarded, nor defledled. Hence fol- 
lows the propofition in exprefs terms — fVe fuppofe that 
the Lody continues in its former Jiate of rejl or motion, un- 
lefs nue fuppofe that it is changed by fame mechanical 
force. 

Thus it appears, that this propofition 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 neceflary^truth. The 
propofition does not 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 eflfential 
to body to move in feme particular direction. It may- 
be eflential to body to ftop as foon as the moving caufe 
has ceafed to adt ; or it may be effential to body to di- 
ininifh its motion gradually, and finally come to rdt. 
But this will not invalidate the truth of this propofi- 
tion. Thefe circumftances in the nature of body, 
which render thofe modifications of motion effentially 
necefiary, 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 thould ever fee a particle of matter 
in fuch a fituation that it is affeded by thofe eiTential 
properties alone, we {hall, from obfervation of its mo- 
tion, difeover what thofe eflential properties are. 

And p.lmoft This law turns out at lad to be little more than a 
an identical taut0l0gJcal propofition: But mechanical philofophy, 
propofmon.^ we pay£ defined it, requires no other fenfe of it: 

for, even if we fliould fuppofe that body, of its own 
nature, is capable of changing its date, this change 
mud be performed according to iome law which charac- 
terifes the nature of body ; and the knowledge of the 
law can be had in no other way than by obferying 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 
ivt order to confider the various motions of bodies, we 
muff fird confider this nature of matter as a mechanical 
affedion of matter, operating in every indance ; 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 difeuflions may appear fuper- 
fluous to many readers, and even cumberfome ; but we 
trufl: that the philofophical reader will excufe our anxie- 
ty on this head, when he refleds on the complicated, 
indidind, 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 fird eminence), rejed it in fad, by combining it 
with other opinions which are inconfident with it, nay, 
which contradid it in exprefs terms. We may even 

include Sir Ifaac Newton in the number of thofe who Firfl haw 
have at lead introduced modes of exprellion which mif-d Motion,^ 
lead the minds of incautious perfons, and fugged inade- V~",“J 

quate notions, incompatible with the pure dodrine of 
the propofition. Although, in words, they difclaim 
the dodrine that red is the natural date of body, and 
that force is neceffary for the continuation of its motion, 
yet in words they (and mod of them in thought) like- 
wife abet that dodrine : for they fay, that there refides 
in a moving body & power or force, by which it perfe- 
veres in its motion. They call it the vis insita, the 
INHERENT FORCE OF A MOVING BODY. This is furely 
giving up the quedion : 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 ceaie ; and there- 
fore the propofition mud be falfe. Indeed it is fome- 
times expreffed fo as feemingly to ward od this objec- 
tion. It is faid that the body continues in uniform rec- 
tilineal motion, unlefs afl'eded by fome external caufe. 
But this way of fpeaking obliges us, at fird 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 aethers and other invifible intangible fluids, which has 
difgraced philofophy, and greatly retarded its progrefs. 

We mud obferve, that the terms vis infita, inherent fis hftta, 
force, are very improper. There is no difpute among 
philofophers in calling every thing a force that P1"0-improper 
duces a change of motion, and in inferring the adion terrnsin 
of fuch a force whenever we obferve a change of mo-their ufuai 
tion. It is furely incongruous to give the fame name^“Pta‘ 
to what has not this quality of producing a change, or" 
to infer (or rather to i'uppofe) the energy of a force 
when no change of motion is obferved. This is one 
among many indances of the danger of miftake when 
we indulge in analogical difeuffions. All our language, 
at lead, on this fuhjed is analogous. I feel, that iu 
order to oppofe animal force, I mud exert force. But 
I mud exert force in order to oppole a body in motion : 
Therefore I imagine that the moving body poffeffes 
force. A bent fpring will 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 ; becauie 
I do not find that 'a quiefeent body will put another 
into raotion by touching it. But we dial! loon 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 weaferibe 
the exertion of the vis irfita to the circumilance of the 
continued motion. We therefore conceive the force as 
arifing from, or as confiding in, the impelling body’s 
being in motion ; and, with a very obfeure and mdif- 
tindt conception of the whole matter, we 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. 
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of Morion. oeflity of the exertion of a force in order to the conti- 
nuation of a motion. Motion (fay they) is a conti- 
nued adtion ; the body is every inftant in a new fitua- 
tion ; there is the continual production of an effedt, 
therefore the continual a£tion of a caufe. 

But this is a very inaccurate way of thinking. We 
have a diftinCt conception of motion ; and we conceive 
that there is fuch a thing as a moving caufe, which we 
diftinguiih 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. 
c—n Motion is not aftion, but the effeft of an aftion ; and 
cf ar^effeci. thi® aftion is as incomplete in the inllant 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 edeft already produced. The immedi- 
ate effeft of the moving force is a determinatioNj by 
which, if not hindered, the body would go on for ever 
from place to place. It is in this determination only 
that the ftate 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. 
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 ftop ftiort 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 ftiould 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. 
Th is caufe, if not external, muft be found in the body 
itfelf; and it muft 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- 
iftence. 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 muft therefore give up the opinion, that there 
rcfides in a moving body a force by which it is kept in 
motion ; and we muft 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. Wc fhall fee, with 
the cleareft 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 fhew us the impropriety 
of the phrafe communication of motion. By thus refleft- 
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ing on the notions that are involved in the general con- Firft Law 
ception of one body being made to move by the im- °f Moh°n* 
pulfe of another, we perceive that there is nothing in- v ' 
dividual transferred from the one body to the other. Corrnnuni- 
The determination to motion, indeed, exifted only in cation of 
the impelling body before collilion; whereas, afterwards, rnoii°n is 

both bodies are fo conditioned or determined. But we pe/phiafe 
can form no notion of the thing transferred. With the 1 ’ 
fame metaphyfical impropriety, we fpeak of the com- 
munication of joy, of fever. 

Kepler introduced a term inertia, vis inertjje,s0 is^/* 
into mechanical philofophy ; and it is now in conftantinertix. 
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 prelent ftate of mo- 
tion or reft: but they alfo frequently exprefs by it 
fomething like an indifference to motion or reft, mani- 

fejled by its requiring the fame quantity of force to make 
an augmentation of its motion as to make an equal diminu- 
tion of it. 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 infita, or the inhe- 
rent force Oi a body in motion. But we have the fame 
notion of reliftance from a body at reft which we fet 
in motion. Now lurely it is in direft contradiftion to 
the common ufe of the word force, when we fuppofe re- 
iiftance 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 ot a vis inertia, than to fay, 
that it maintains its ftate of motion by the exertion ot 
an inherent farce. We fhould avoid all fuch metapho- 
rical exprellions as rejijlance, indifference, Jluggijhnefs, Or 
pronenefs to rejl (which fome exprefs by inertia), be- 
caufe tney ieldom fail to make us indulge in metapho- 
rical notions, and thus lead us to mifconceive the modus 
operandi, or procedure of nature. 

i here is no refijlance whatever obferved in thefe phe- 
nofnena ; for the force employed always produces its 
complete effeeft. When I throw down a man, and find 
that 1 have employed no more force than was fuffioient. 

*to throw down a iimilar 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 refift- 
ance, properly fo called, when the exerted force is ob- 
ferved to produce its full eifea. To fay that there is 
reliftance, is therefore a real rmfconception of the way 
in which mechanical forces have operated in the colli- 
iion of bodies. There is no more refiftance 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 rejijl the adlion 
of foap and of the fun, but that Pruffian blue does not. 
We all perceive, that in this expreffion the word re- 
fiftance is entirely figurative : and we ffiould fay that 
Pi uffian blue reffls foap, if we are right in faying that 
a body refills any force employed to change its ftate of 
motion ; for foap muft be employed to difeharge cr 
cnange the colour; and it does change it. Eorce muft 
be employed to change a motion ; and it does change />. 
The impropriety, both of thought and language, hi plain 
in the one cafe, and it is no Ids real in t,he other. Both 
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Secon^Law of the terms, inherent fares and inertia, may be ufed 
of Motion. wj^ fafet;y for abbreviating language, if we be careful 

^ empl0Y them only for expreffing, either the fimple fa ft 

of perfevering in the former Jiate, or the necejfiy of em- 
ploying a certain determinate force, in order to change that 

36 fate, and if nve avoid all thought of refijlance. 
Deviations From the whole of this difeuffion, we learn, that the 

formredi ^ev‘at'ons from uniform motions are the indications of 
lineal mo- the exigence and agency of mechanical forces, and that 
tioa are the they are the only indications. The indication is very 
only indica-Umple, mere change of place ; it can therefore indicate 

lorce ^ nothing but what is very fimple, the fomething com- 
petent to the production of the very motion that we 
obferve. And when two changes of motion are pre- 
cifely hmilar, they indicate the fame thing. Suppofe a 
mariner's compafs on the table, and that by a fmall tap 
with my linger 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 eleCtrilied 
body near it ; or by the unbending of a line fpring 
prefiing it afide ; or by a puff of wind ; or by feveral 
other methods. In all thefe cafes, the indication is the 
fame ; therefore the thing indicated is the fame, name- 
ly, a certain intenfity and direction of a moving power. 
1'Iow it operates, or in what manner it exifts and exerts 
itfelf in thefe inllances, outwardly fo different, is not 
under conlideration at prefent Impulfivenefs, intenfity, 
and direction, are all the circumftances of refemblance 
by which the affeCtions of matter are to be charaCterifed ; 
•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 Law of Motion. 

livery change of motion is proportional to the force imprrjfed, 
and is made in the direftion of that force. • 

37. This law alfo may aimed: 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 conlider 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 fliot from a pop-gun by the expanlion of the air com- 
prelTed by the rammer, or where it is Ihot from a toy 
pidol 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 direction, and with 
the fame velocity, wc cannot conlider or think of the 
force, or at lead-of its exertion, as any how different. 
Nay, when it is driven forward by the indantnneous 
percuffion of a fmart droke, although the manner of 
producing this effeCt (if poffible) is effentially different 
from what is conceived in the other cafes, we mud dill 
think that the propelling force, conlidcred as a pro- 
pelling 'force, is one and the fame. In Ihort, 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 
direftion of the change for the indication of the direc- 
tion of the forces 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 j and SecondLaw 
from having obferved that this has obtained through of Motion, 
the whole extent of our Ihidy of nature. This would v~' "J 

indeed edablifh it as a phyfical law, an univerfal fa£t ; 
and it is, in fad, fo edablifhed. But this does not eda- 
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 
injudicious attempts pf philofophers to prove it as a 
matter of obfervation, have occalioned 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 fimiiar faCls 
corroborate this: and the phtlofophers obferve, that 
four times the force has been expended to generate this 
double velocity in the bullet ; it requires four times as 
much powder. In 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. Philofophers, 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 drong confirmation, to fee tliat the bodies in mo- 
tion feem to poffefs forces in this very proportion, and 
produce effects in this proportion; penetrating four 
times as deep when the velocity is only twice as great, 
&c. 

But if this be a jud edimation, we cannot reconcile it 
to the conceffion of the fame philofophcrs, who grant 
that the velocity is proportional to the 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 he refufed by them ; for cafes 
occur, where the force can be meafured, in the mod na- 
tural manner, by the aftual preffure which it exerts. 
Gravity is thus meafured by the preffure which a done 
exerts on its fupports. A weight which at Quito will 
pull out the rod of a fpring iteelyard to the mark 312, 
will pull it to 313 at Spitzbergen. And it is a fail, 
that a body will fall 313 inches at Spitzbergen in the 
fame time that it falls 312 at Quito. Gravitation is 
the cauie 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 
drenuoufly maintained the other meafure of forces, are 
among the mod eminent of thofe who have examined 
the motions produced by gravity, magnetifm, eleftricity, 
See.; and they never think of meafuring thofe forces 
any other way than by the velocity. It is'in this way 
that the whole of the celedial phenomena are explained 
in perfe& uniformity with obfervation, and that the 
Newtonian philofophy is confidered as a demondrative 
fcience. 

There mud, therefore, be fome defeft 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 drong, 
give only a double velocity to an arrow. 

The truth of our law reds on this only, that we affume 
the changes of motion as the meafure of the changing 
forces ; or, at lead, as the meafures of their exertions in 
producing motion. Infaft, they are the meafures only 
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Change of 
motion is, 

Seeon 11/iw of a ccHam circumttance, irt which the adlions of very 
ol M itioii d;fferent natural powers may refemble each other ; name- 

r 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 fubjedt. 

The motion of a body may certainly remain unchan- 
ged. If the direftion and velocity remain the fame, we 

itfelf, a m°-perceive no circumilance in which its condition, with 
relpedt 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 direftion 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 defieding it. Sup- 
poflng the diredion to remain the fame, its difference of 
condition can conlift 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 redilineal 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. 
F re flu re 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 fad, 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 muft be confidered as 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 muft 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. 

his 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 rifing 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 diredion of its preffure. 

All that we have now faid of a change of velocity 
might be repeated of a change of diredion. It is fure- 
ly polfible that the fame change of diredion may be 
made on any two motions. Let one of the motions be 
confidered as growing continually flower, 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. The^6000^1-"1^ 
fame change may therefore be made at the very inftant of M uion; 
that the motion is at an end. In this cafe, the change ' ~ v 

is the very motion which the body acquires from the 
changing force. Therefore, in this cafe alfo, we muft 
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. 

I he refult of thefc obfervations is evidently this, Hov/aicer- 
that we muft afcertain, in every inftance, what is the taineil ari<i 
change of motion, and mark it by charaders that are 
confpicuous and diftinguiftiing ; and this mark and mea- 
fure of change muft be a motion : 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 quiefcent 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 Ihip at anchor in a Itream; while one man 
walks forward on the quarter-deck at the rate of two 
miles per hour, another walks from Item to ftern at the 
fame rate, a third walks athwart ftiip, and a fourth 
Hands Hill. Let the ftiip be luppofed 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 
eaftwaid one mile per hour; the fecond is moving eaft- 
ward four miles per hour ; and the third is moving in 
an oblique diredion, about three points north or fouth 
of due eaft. All have fuffered the fame change of con- 
dition with the man who had been ftanding ftill. He 
has now got a motion eaftvvard 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 ihip, which is blended 
with the other motions. But this circumftance is e- 
qually prefent whenever the fame previous motions are 
changed into the fame new motions. We muft learn 
to cxpifcate this ; which we ihall do, by confidering the 
manner in which the motion of the ihip is blended'with 
each of the mens motions. 

This kind of combination has been called the Compo- Com4p*fi- 
sition of motion ; becaufe, in every point of the mo-1*00 of ma- 
tion really purfued, the two motions are to be found. tion* 

The fundamental theorem on this fubjed is this :1- 
Two uniform motions in the fides of a parallelogram 
compofe an uniform motion in the diagonal. 

Suppofe that a point A (fig. 1.) deferibes AB uni-Plate XXL 
tormly m fome given time, while the line AB is ear- 
ned uniformly along AC in the fame time, keeping al- 
ways parallel to its firft 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. J 

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 point 
has got to E, the middle of AB, the line AB has not 
into the filiation GH, half way between AB and CD, 
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Second!.aw and the point E is in the place e,_the middle of GH. 
of Motion. j)raw £ f l parallel to AC. It is plain that the pa- 
' y   ralleloCTams ABDC and AE e G are funilar ; 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 e is in the diagonal of AD. In 
like manner, it may be (hewn, that when A has de- 
feribed AF, |ths of AB, the line AB will be in the 
fituation IK, fo that AI is |ths of AC, and the point 
f, in which A is now found, is in the diagonal AD. 
’it will be the fame in whatever point of AB the de- 
feribing point A be fuppofed to be found. T. he line 
AB will be on a fimilar point of AC, and the deferi- 
bing point will be in the diagonal AD. 

Moreover, the motion in AD is uniform : for Ae.is 
deferibed in the time of deferibing AE ; that is, in 
half the time of deferibing AB, or in htdf the time 
of deferibing AD. In like manner, A.f is delcubed 
in ^ths of the time of deferibing AD, &c. See. 

Laftly, the velocity in the diagonal AD is to the 
velocity in either of the fides as AD is to that lide.. 1 his 
is evident, becaufe they are uniformly deferibed in the 
fame time. . 

This is juftly called a compofition of the motions AB 
end 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 interfedtion 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 direftion e 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 interfeftion 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 Ihip, or 
of the man who wras Handing Hill. 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 furely the fame. If 
one of the changes has been brought about by the ac- 
tual compofition of motions, we know precifely what 
that change is ; and this informs us what the other is, in 
whatever way it was produced. Hence we inier, 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. Nowr, becaufe we sffume 
the change as the meafure and chara&eriftic of the 
changing force, we muft do fo in the prefent inilance ; 
and we muft fay, _ . 

That the changing force is that which will produce in 
a quiefeent body the motion which, by 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 action of 

any force, the new motion is that which is compounded of 
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Its mark 
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fure. 

44 
Changing 
force. 

It* effeiSh 

the former motion, and of the motion which the force woa/JSecondUw 
produce in a quiefeent body. of Mouon, 

When a force changes the dire&ion of a motion, we 
fee that its diredtion is tranfverfe in fome angle BAG ;force. 
becaufe a diagonal AD always fuppofes two fides. As 
wTe have diftinguifiied any change of diredtion by the 
term deflection, we may call the tranfverfe force a 
DEFLECTING FORCE. 

In this way of eftimating a change of motion, all the 
charadters of both motions are preferved, and it ex- 
prefles every circumftance of the change ; the mere 
change of diredtion, or the angle BAD, is not enougn, 
becaufe the fame force will make difierent angles of 
defledtion, according to the velocity of the former mo- 
tion, or according to its diredtion : but in this eftima- 
tion, the full effedt of the defiedting 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 aty 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 diredlion, 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 effedt; 
for when the body is at D, it is as far from AC as if 
the force AC had not adted on it ; and it is as far from 
AB as it would have been by the adtion of AC alone.^ 

For all thefe reafons, therefore, it is evident, that if 
we are to abide by our meafure and charadter of force 
as a mere producer of motion, we have feledted tne 
proper charaderiftic and meafure of a changing force ; 
and our deferiptions, in conformity to this felt diion, 
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, Inch as preflure of va- 
rious kinds, &c. Ihall follow thefe rules ; for their de- 
viations will be confidered ns new forces, although they 
are only indications of the differences of the real foice^ 
from our hypothefis. We have obtained tne precious 
advantage of mathematical inveftigation, by which we 
can examine the law of exertion which charadterifes 
every force in nature. 

On thefe principles we eftablifii the following funda- 
mental elementary propofition, of continual and indif- 
penfable ufe in all mechanical inquiries. _ 45 
Jf a body or material particle be fubjeded at the fame time 

to the aBion of two moving forces, each of whuh wouldta 1 

feparaiely caufe it to defenbe 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, whole motion AB was changed into 

AD, had gotten its motion by the adlion of fome 
force. It was moving along NAB; and, when it reach- 
ed the point A, the force AC adled on it. She pri- 
mitive motion is the lame, or the body is in the 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 ‘;al<y5» 
if AC adl on it when it is in A, it will always defenbe 
AD ; therefore it will deferibe AD when it acquire? 
the primitive motion alfo in A ; that is, if the two for- ■ ces 
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Refolution 
of forces. 

SrcordLavr ces a£t on it at one and the fame inftant. The demon- 
oi Mution ftration may be neatly expreffed thus : The change in- 

duced by each force on the motion produced by the 
other, is the motion which it would produce in the bo- 
dy if previoufly at reft. Therefore the motion refult- 
ing from joint acftion 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 lides. 

This is called the Composition of Forces. The 
forces which produce the motions along the tides of the 
parallelogram are called the Simple Forces, 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 
Fqjjivalent Force. 

On the other hand, the force which produces a mo- 
tion along any line w hatever, may be conceived as re- 
fulting from the combined ad ion of two or more for- 
ces. We may Inonv or obferve it to be fo ; as when wfe 
fee a lighter dragged along a canal by two horfes, one 
on each tide. Each pulls the boat diredly toward him- 
felf in the diredion of the track-rope ; the boat cannot 
go both w'ays, and its real motion, whatever it is, re- 
fults from this combined adion. 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 refultiug, 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 refolded into the two forces, 
having the diredions and velocities reprefented by the 
ftdes. This pradice is of the moft extenfive and muh 
tifareous life 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 others, 
whofe combined efFeds are equivalent, our inveftigation 
may be much expedited. But more of this afterwards. 

We muft carefully remember, that when the motion 
AD is once begun, all compofition is at an end, and 
the motion is a fimple 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:exjJl m 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 aSual compofition 
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- tion °f forces is ufually iUuftrated, and thought to be 
clufive. demonftrated. A man is fuppofed (for inftance) to 

w^alk uniformly from A to C on a ftieet 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 ad:ion of two forces would pro- 
duce that motion ; the man muft continue to exert 
force in order to walk, and the ice is dragged along by 
the ftream. Some indeed exprefs this proof in another 
way, faying, let a body deferibe AB, while the fpace 
*n 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 SecondLaw 
otherwife, drag the man along with it ; but a fpace of Motion.* 
cannot be removed from one place to another, nor, if 
it could, wmuld it take the man with it. Should a 
ftiip ftart fuddenly forward while a man is walking 
acrofs the deck, he would be left behind, and fall to- 
ward the ftern. We muft fuppofe a tranfverfe force* 
and w'e muft fuppofe the compolition of this force with- 
out proof. This is no demonftration. 

We apprehend that the demonftration given above 
of this fundamental propoiition is unexceptionable, 
when the terms force and defledtion are ufed in the ab- 
ftrad 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 
fubje&s. The only circumftance in it which can be 
the fubjedl of difeuffion is, wffiether we have felected 
the proper meafure and chara&eriftic of a change of 
motion—We never met with any objection to it. 

But fome have ftill maintained, that it does not evi- Objedtions 
dentiy appear, from theie principles, that the motion to the de- 
which refults from the joint action of twT> naturalmonftra* 
powers, whofe known and meafurable intenfities have tion f n°.. 
the fame proportions with AB and BC, and which alfo no't aprRto 
exeit themfelves in thofc diredtions, will produce a mo-preffures. 
tion, having the diredtion and proportion of AD. They 
will not, if the velocities produced by thefe forces are 
not in the proportion of thofe intenfities, but in the 
fubduplicate 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 parallelogram, 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 
parallelogiam by the joint adtion of two forces, which, 
feparately, would caufe it to deferibe the fides. And, 
laiLy, they fay that, at any rate, it does not appear 
evident to the mind, that tw-o incitements to motion, ha- 
vmg the dnedhons 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 
lame 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 adtually fo combined in 
a thoufand inftances, as in the example already given 
of a lighter dragged by two horfes pulling in different 
diredb’ons. 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. r.) be pulled by a thread, or pref- 
fed by a fpring, in the diredtion AB, and by another 
m the diredtion AC, and if the preftures are propor- 
tional to AB and AC, then it will be withheld from 
moving, if it be pulled or preffed by a third force, aeft- 
ing in the dire&ion A d, oppofite to AD, the preffure 
being alfo proportional to AD. This force, adting in 
the diredtion Ad, would certainly withftand an equal 
force adting in the diredion AD ; therefore we muft 
conclude, that the two preffures AB and AC really 
generate a force AD. This uniform agreement ffiews 
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that the cnmpofition is deducible from fixed principles ; 
but it does not appear that it can be held as demon- 
ft rated by the arguments employed in the cafe of mo- 
tions. A. demonftratitm of the compofition of pref- 
fures is ft ill wanted, in order to render mechanics a de- 
monftrative fcience. 

Accordingly, philofophers of the firft eminence have 
turned their attention to this problem. It is by no 
means eafy; being fo nearly allied to firft principles, that 

‘it mull be difficult to find axioms of greater firnplicity 
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 ; indeed he does not give it for 
any thing elfe, and calls it“ o-uvSEtnc to>v pu «v. 7 1 he tint 
writer who appears to have confidered it' as different 
from the mere compofition of motions, was the celebra- 
ted .Dutch engineer Stevinus in bis work on Sluices ; 
but his folution is obtcure. It was fufficient, however, 
to convince Daniel Bernoulli of the neceihty 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 propofi- 
tions to demonftrate that two preffures, having the di- 
rettions and magnitudes of the lides of any parallelo- 
gram, compofe a third, which has the direction and 
magnitude of its diagonal. His firft propofition is, that 
two equalprejjures, acting at right angles, compofe a third, 
in the direction of the diagonal of a fquart, and having to 
either of the other two the proportion of the diagonal of a 
jquare 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 
other in equal angles of 1 20 degrees, any one of them will 
balance the combined aftion 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- 
monftrates the fame thing 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 ftill 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 concile, but 
require acquaintance with the higher mathematics. 
There is another very ingenious demonftration in the 
jfournal des Sqavans for June 1764, but too ohfcure 
for an elementary propofition. It is fomewhat limpli- 
fied by Belidor in his Ingenieur Franqois. 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 concliir 
fion, it has not that intuitive evidence for every ftep of 
the proeefs that feems neceflary. 

We here offer another, compofed by blending toge- 
ther the methods of Bernoulli and D’Alembert ; and 
we imagine that no objection can be made to any ftep 

of it. We limit it entirely to preffures, and do not at SecondLaw 
all confider nor employ the motions which they may be ,ot iV1onoii. 
luppoled to produce. 

(A) If two equal and oppofite preffures or incite- 
ments to motion aft at once on a material particle, it 
fuffers no change of motion ; for if it yields in either 
direction by their joint adion, one of the preffures pre- 
vails, and they are not equal. v 

Equal and oppofite preffures are faid to balance 
each other ; and fuch as balance mult be efteemed equal 
and oppoiite. 

(B) If a and 3 are two magnitudes of the fame kind, 
proportional to the intenfities of two preffures which aft 
in the fame direction, then the magnitude a£ will 
mealure 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, diftind from mo- 
tion or any other efiFed of it, we find nothing that we 
can meafure it by but another preffure. Nor have we 
any notion of a pouble or triple preffure different from 
a preffure that is equivalent to the joint effort of two 
or three equal preffures. A prefl’ure a is accounted 
triple of a preffure b, if it balances three preffures, each 
equal to b, adding together. Therefore, in all propor- 
tions which can be expreffed by numbers, we mull ac- 
knowledge the legitimacy of this meafurement ; and it 
would furely be affedation to omit thofe which the ma- 
thematicians call incommenfurable. 

In like manner, the magnitude a — b mull be ac- 
knowledged to meafure that preffure which arifes from 
the joint adion of two preffures trand b ading in oppo- 
iite diredions, of which a is the great eft. 

(C) Let ABCD and AbCd (fig. A) be two rhom- 
buies, which have the common diagonal AC. Let the 
angles BA b, DA d, be bifeded by the ftraight lines 
AL and AF. 

If there be drawn from the points E and F the lines 
EG, EH, F^, Y h, making equal angles on each fide 
of EA and FA, and if G^, H h be drawn, cutting the 
diagonal AC in I and L : then AI 4- AL will be 
greater or lefs than AQj. the half of AC, according as 
the angles GEH, gYh, are greater or lets than GAH, 
g A h. 

Draw GH, g h, cutting AE, AF, in O and o, and 
draw O 0, cutting AC in K. 

Becaufe the angles AEG and EAG are refpedively 
equal to AEH and EAH, and AE is common to 
both triangles, the Tides AG, GE are refpedively equal 
to AH, HE, and GH is perpendicular to AE, and is 
bifeded in O ; for the fame reafons,.^ £ is bileded in 
0. Therefore the lines G^, Oo, H/6, are parallel, and 
IL is bifeded in K. Therefore AI ft- AL is equal to 
twice AK. Moreover, if the angle GEH be greater 
than GAH, AO is greater than EO, and AK is great- 
er than KQj_ Therefore AI + AL is greater than 
AQj and if the angle GEH be lefs than GAH, AI 
-f- AE is lefs than AQ^ 

(D) Two equal preffures, ading in the diredions 
AB and AC (fig. 2.), at right angles to each other, 
compofe a preffure in the diredion AD, which bifeds 
the right angle ; and its intenfity is to the intenfity of 
each of the conftituent preffures as the diagonal of a 
fquare to one «f the fides. It is evident that the di- 
redion of the preffure, generated by their joint adion. 
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Sec omit.aw will bife£i the angle formed by their dire&ions; becaufe 
of Motion. no reafon can be affigned for the direction inclining 
u'"’"v more to one fide than to the other. 

In the next place, fince a force in the dire&ion AD 
does, in fadf, arife from the joint attion of the equal 
preflures AB and AC, the preffure AB may be con- 
ceived as arifing from the joint adtion of two equal 
forces fimilarly inclined and proportioned to it. Draw 
E AF perpendicular to AD. One of thefe forces mull; be 
dire&ed along AD, and the other along AE. In like 
manner, the preflure AC may arife from the joint ac- 
tion of a preffure in the direction AD, and an equal 
preffure in the diredtion AF. It is alfo plain, that the 
preffures in the diredtions AE and AF, and the two 
preffures in the diredtion AD, muff be all equal. And 
alfo, any one of them muff have the fame proportion to 
AB or to AC, that AB or AC has to the force in 
the diredfion AD, arifing from their joint adlion. 

Therefore, if it be faid that AD does not meafure 
the preffure arifing from the joint adtion of AB and 
AC, let A d, greater than AD, be its juft meafure, 
and make A AB = AB : A^ = AB : A Then 
Ag and Ae have the fame inclination and proportion 
to AB that AB and AC have to A d. We determine, 
in like manner, two forces A/and A^ as conftituents 
©f AC. 

Now A d is equivalent to AB and AC, and AB is 
equivalent to A e and A^; and AC is equivalent to 
Af and Ag. Therefore A c/ is equivalent to A 
A/, A and A g. But (a) Ae and Af ba- 
lance each other, or annihilate each other’s effedt; and 
there remain only the two forces or preflures Ag, Ag. 
Therefore (b) their meafure is a magnitude equal to 
twice Ag. But if A be greater than the diagonal 
AD of the fquare, whofe fides are AB and AC ; then 
Ag muft be lefs than A I, 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 Ad great, 
er than AD. In like manner, it cannot be a line Aj 
that is lefs than AD. Therefore it muft be equal to 
AD, and the propofition is demonftrated. 

(E) Cor. Two equal forces AB, AC, adling 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 (fig. 3.) be a rhombus, the acute 
angle of which EAF is half of a right angle. Two 
equal preffures, which have the diredtions and meafures- 
AE, AF, compofe a preffure, having the diredtion and 
meafure AC, which is the diagonal of the rhombus. 

It is evident, in the firft place, that the compound 
force has the diredticn AC, which bifedts the angle 
EAF. If AC be not its juft meafure, let it be AP 
lefs than AC. Let' ABCD be a fquare deferibed on. 
the fame diagonal, and make AP : AQ_= AE : A.O, 
= AF : A o. D raw KOG, K o,?- perpendicular tO‘ 
AE, AF; draw GI^, OH 0, EG, EK, F^, FK, 
PF, and PE. 

The angles CAB and FAE 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 

lL 

M I C S. 51? 
forces AE, AF are affirmed to compofe AP, the forces Second!.aw 
AG and AK may compofe the force AE, and the forces oUon* 
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 Alt 
and the two forces AK, AK are equal to, or are mea- 
fyred by, twice AK. Therefore the four forces AG, 
AK, Ag, AK, are equivalent to 2 AI + 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 mucEgreater 
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 demonftrated, 
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 bifedfion. 
Two forces, forming the fides of fucb a rhombus, cqjtu 
pofe a force meafured by the diagonal. 

(H) Let ABCD, Abed (fig. 4.) be tv/o rhom- 
bufes formed by two confecutive bifedlions of a right 
angle. Let AECF be another rhombus, whofe fides 
AE and AF bifedt the angles BA£ and DA d. 

The two forces AE, AF, compofe a force AC. 
Bifedt AE and AF in O and 0. Draw the perpen- 

diculars GOH, gob, and the lines Gig, OKo, HL b?.. 
and the lines EG, EH, F^, F b. 

It is evident, that AGEH and Agr FZ> are rhom- 
bufes ; becaufe AO = OE, and A 0 = 0 F. It is alfo 
plain, that fince b A d is half ol BAD, the angle GAH 
is half of b A d. It is therefore formed by a continual 
bifedtion of a right angle. Therefore (G) the forces 
AG, A.H, compofe a force AE ; and Ag, A h, com- 
pofe the force AF. Therefore the forces AG, AH, 
A g. Ah, adh’ng together, are equivalent to the forces- 
AE, AF adling together. But AG, A^ compofe 
a force = 2 AI ; and the forces AH, A h compofe a 
force =: 2 AL. Therefore the four forces adting to- 
gether are equivalent to 2 AI 2 AL, or to 4 AK. 
But becaufe AO is ^ AE, and the lines G^, O 0, H ^ 
are evidently parallel, 4 AK is equal to 2 AQ^or to 
AC ; and the propofition is demonftrated.. 

(I) for.. Let us now fuppofe, that-by continual bi- 
fedtion of a right angle we have obtained a very fmal! 
angle of a rhombus ; and let us name the rhombus by 
the multiple of ^ 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 a, propofition (H) is 
true of 6 a ; and becaufe it is true of 4 a, 6 a, and 8 a, 
it is true of 5 « and *] a. And fo on continually till 
we have demonftrated it of every multiple of a that is 
lefs than a right angle. 

(K) Let K.AS (fig. 5.) be perpendicular to AC,, 
and; 
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SscondLaw an(j Jej. AftCI) a rhombus, whofe acute angle BAD 
of M. tion. Js ^ome mu}t[pie of 2 a that is lefs than a right angle. 

Let A b c d be another rhombus, whofe fides A b, A d 
bifed the angles RAB, SAD. Then the forces A b, 
A d compofe a force AC. 

Draw Ml, <7S 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 effect, 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 demonftrated. 

(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 lince a 
rfiay be taken lefs than any angle that can be named, 
the propofition may be conlidered 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 tneafured by the diagonal 
of the rhombus, whofe fides are the meafures of the conjli- 
tuent forces. 

(N) Two forces A.B, AC (fig. 6 ), having the di- 
reftion and proportion, of the fides of a rectangle, com- 
pofe a force AD, having the direction and proportion 
of the diagonal. 

D raw 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 AB and AC, a&ing together, are 
equivalent to the forces AE, AF, AG, and AG ac- 
ting together, or to AE, AF, and AD adding toge- 
ther : But AE and AF annihilate each other’s addion, 
being oppofite and equal (for each is equal to the half 
of BC). Therefore AB and AC adding together, are 
equivalent to AD, or compofe the force AD. 

(O) Two forces, which have the direddion and pro- 
portions of AB, AC (fig. 7.) the fides of any paralle- 
logram, compofe a force, having the direddion and pro- 
portion of the diagonal AD. 

Draw AF perpendicular to BD, and BG and DE 
perpendicular to AC. 

Then AFBG is a reddangle, as is alfo AFDE ; and 
AG is equal to CE. Therefore (N) AB is equivalent 
to AF and AG. Therefore AB and AC adding to- 
gether, are equivalent to AF, AG, and AC adding to- 
gether ; that is, to AF and AE adding together ; that 
is (N) to AD; or the foices AB and AC compofe 
the force AD. 

Hence arifes the moll general propofition, 
St If a material particle be urged at once by two prejfures 

tionofall or incitements to motion, whofe intenfties are proportional 
incitements^ the fdes of any parallelogram, and which ac! in the di- 
to motion. reSions of thofe fides, it is ajftcted in the fame manner as 

if it were acted on by a fngle force, whofe intetfty is mea- 
fured by the diagonal of the parallelogram, and which atis 
in its direction : Or, two prejfures, having the direSion 
and proportion of the fdes of a parallelogram, generate a 
preffure, having the dire Elion and proportion of the diagonal. 

Thus have we endeavoured to demonftrate from ab- 
fdradd principles the perfedl fimilarity of the compofition 
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of preflures, and the compofition of forces meafured by Second!,aw 
the motions which they produce. We cannot help be-of Motl(|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 prelfures can explain the0^.®^™* 
change produced by a deflecting force on a motion al-n-l0tu)n and 
ready exilling ; for the changing prefiure is the only of preffure 
one that exilts, and there is none to be compoundedMappear 
with it. And, on the other hand, our notions and ob-^ j1^11 care* 
fervations of the compofition of motions will not explain m-nej_ 
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 fadls where it Teems that they do not 
follow the fame proportion. The preffure of four equal 
fprings produces only a double velocity. It would ap- 
pear, therefore, that there are circumflances which ob- 
lige us to fay, that the exertion of preffure, as a caule of 
motion, is not (always at kail) proportional to the real 
meafurable preffure. We are therefore anxious to dif- 
cover in what the difference conlills ; and in the mean 
time mull allow, that the preffure exerted on a body at 
reft is different from its exertion in producing motion. 
We cannot indeed Hate any immediate comparifon be- 
tween preffure and motion, nor have we any clear con- 
ception of the connedfion between them. It is only by 
our fenfations 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 indifpenfably 
neceffary to invelligate the laws of combined preffure 
as we did the laws of combined motion in conlequence 
of preffure. Vet we Ihould err, if we haftily alferted 
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 
adlually produce motion, or changes of motion, con- 
tinue to be 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 adlual preffure, while it produces a 
double motion, is really double, although it may be 
quadruple when the body exerting it is made to adl on 
a body that it cannot move. We are confirmed in this 
opinion by obferving, that other fadfs 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, eonfidered 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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SecondLawhad the great difference of opinion, which {till divides 
nf Motion, philofophers, about the meafures of moving forces. But 
^ v ~~ a fpirit of party, which had arifen from other caufes, 

gave importance to what was at firfl only a difference 
of expreffion, and made the partifans of Mr Leibnitz 
avail themielves of the figurative language which has 
done fo much harm in all the departments of philofo- 
phy. Notwithftanding all our caution, it is hardly pof- 
lible to avoid metaphorical conceptions when we em- 
ploy the language of metaphor. The abettors of the 
Leibnitzian meafure of moving forces, or perhaps, to 
{'peak more properly, the abettors of the Leibnitzian 
meafure of that force which is fuppofed to preferve bo- 
dies in their condition of motion—infill, 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- 
ftlves make. Here we are confcious of the fa£l. Then 
they give fimilar examples of the aftion 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 
diredlion. But if this lalt ball be already moving ten 
feet per fecond, w^e mult follow it with a velocity of 
twelve feet in order to increafe its velocity one foot. 
But, without infilling on the numberlefs paralogifms 
and inconlillencies which this way of conceiving the 
matter would lead us into, it fuffices to obferve, that 
the phenomena give us abundant affurance that there 
has been the fame exertion in both thefe cafes. This 
acceleration is always accompanied by a compreffion of 
the balls, and the comprelfion 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 aurfelves with any rule for its meafure- 
ment : 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 my- 
tion, to a piece of clay lying on the table of a Ihip’s 
cabin, whether the fhip 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 advally exertedy are proportional to 
the changes of motion obferved, and that they coincide 
m this refpett with our ubftract conceptions of movino- 

forces. 43 

But we- have Hill better arguments. None of the 
Leibnitzians think of denying the equal exertions of 
gravity, or of any of thofe'powers which they call foil- 
citations or accelerating forces. They all admit, that 
gravity, or any conltant accelerating fyree, 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 aftion, it indifputably follows, that it has a6led 
on it only for half the time'of the aftion of the four 
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times weaker bow, which gives the arrow only half the SecondJ.aw 
velocity ; and thus has the difcrepancy between the ef-of 

feds of preffures and of our abltrad moving forces en- '■“’""V——' 
tirely diiappeared. For this circumftance of the diffe- 
rence in the time of a&ing will be found, on ftrid ex- 
amination, in all the cafes of the change of motion by 
preffures which we meafure by their effe&s 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 vaniffies, and 
the compofition of p^effures is in perfect harmony with 
the compofition of motions, or of abftrad moving,for- 
ces. Dynamics is thus made a demonftrative 1'cience, 
and affords the opportunity of inveftigating, by obfier- 
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 effeds of that property which is 
alfo the caufe of motion. It is not the preffure of a 
piece of lead, but its heavinefs, 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 fubflances, 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 preciliou what is charader- 
iftic of each. 

We have new advanced very far in this inveftigation; Gene
5
rai co* 

for we have obtained the criterion by which we learn rollaries. 
the diredion and the magnitude of every changimT 
force : and, on the other hand, we fee how to date 
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 greateil part of me- 
chanical difquifition coniifts in the application of this 
dodrine. For fuch reafons it merits minute confider- 
ation ; and therefore we mull point out fome general 
eonclulions 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 fame 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 dredions. For if any three lines, ab, bd> ad, be 
drawn parallel to AB, AC, and AD (fig. 7, nQ 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 refpedively perpendicular 
to their diredions. 

3. Therefore each is proportional to the fine of the 
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- 
tained by the diredions of the other two j for AD is 
to AB as the fine of the angle ABD to the fine of 
the angle ADB. Now the fine of ABi) is the fame 

with. 
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■Secon<!La\v vrith the fine of BAC contained between the directions 
of Motion. and an(l the fine 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. 

55 ^ ^ye now proCeed to the application of this funda- 
mental propofition. And we obferve, in the firft place, 

• the paral- that fince AD may be the diagonal of an indefinite 
Jeli gram o£1Himber of parallelograms, the motion or the preffure 

'-forces. raay refult from the joint aftion 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&ioti 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 a 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 fucceffion. The final place of the bo- 
dv is the fame, whether it moves along AD or along 
AB and BD in fucceffion. 

This theorem is not limited to the compofition of 
two motions or two forces only ; for fince the combi- 
ned aftion of two forces puts the body into the fame 
{late as if their equivalent alone had aCfed on it, we 
may fuppofe this to have been the cafe, and then 
the aClion of a third force will produce a change on 

{ this equivalent motion. The refulting motion will be 
the fame as if only this third force and the equivalent 
of the other two had aCled on the body. Thus, in 

PlateXXH. fig. 8. the three forces AB, AC, AE, may aCt 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 aftion 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 fucceffion, 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 AD 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 ABLFKCD is a paral- 
lelopiped, and that AF is one of its diagonals. Hence 
we derive a more general theorem of great ufe. 
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Three forces having the proportion ancl dir eft'on of the SeromfLafl 

three Jules of a parallelepiped, compofe a force having ^ Motion 
the proportion -and direction of the diagonal. f~ 
Any number of forces a&ing 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- ^ce 

lance their refulting force which is equivalent to them in gCtpef ° 
aftion. When this is duly confidered, we perceive that6 

each force is then in equilibrio 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 conftrudion. 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 in 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 
a&ing in parcels, the equivalents of thefe parcels are in 
equiiibrio; 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 fim- 
plify many intricate complications of force; it alfo‘ena- 
bles us to draw accurate conclufions from very imper- 
fedt obfervations. In moll of our pradlical difeuffions 
we know, or at leaft we attend to, a part only of the 
forces which are ading on a material particle ; and in 
fuch cafes we reafon as if we faw the whole; yet is our 
mathematical reafoning good with refpeft to the equi- 
valent of all the parcels which we are contemplating, 
and the equivalents of the fmaller parcels of which it 
confifts ; and the negleded force, or parcel of forces, 
induces no error on our conclufions. 

In the fpontaneous phenomena of nature, the invefli-Expedition 
gation and difeovery of our ultimate objed of fearch is meihi dafo 
frequently very difficult, on account of the multiplicity ^l

5
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of dire&ions and intenfities of the operating forces orin^ motioi 
motions. We may generally facilitate the procefs, byincompli- 
fubftituting equivalent forces or motions a&ing in con-cate<* c“ei 

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 on a 
courfe, S. 36. 52. W. he fuppofes that the fhip has 
failed eight miles due fouth, and fix miles due weft, 
wffiich brings her near to the fame place. Then, in- 
ftead of fourteen miles fouth-weft, he fets dowm ten 
miles fouth and ten miles w'eft ; and 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 what 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, 
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SecondLsw The miner proceeds in the fame way when he takes 
efMction. the plan 0f fubterraneous workings, meafuring, as he 

" ^ 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 eailing or welting, 
for each oblique line : but there is another circumftance 
which he mull attend to, irumely, the flope of the va- 
rious drifts, galleries, and other workings. This he 
does by noting the rife or the dip of each floning line. 
He adds all thefe into two fums; 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 eaft, and how far to the dip. 

The refledling reader will perceive that the line join- 
ing the two extremities of this progreflion will form 
the diagonal of a rectangular parallelepiped ; 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 inveftigation 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 action of three forces, at right angles to each 
other, and takes the fum or difference of thefe in the 
fame or oppofite directions. From this procefs he ob- 
tains the three lides of a parallelepiped, 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. 

IWs may This procedure is called the Estimation or Re- 

tfdVv^or DUCT,ON motions and forces. 
icdured to, ^ motion or force (fig. 9.) is faid to be ejli- 

64 mated in the direction EF, or to be reduced to this di- 
Ajiven du redtion when it is conceived as compounded of the mo- 
t ‘on» tions or forces AC, AD, one of which AC is paral- 

lel to EF, and the other AD is perpendicular to it. 
This expreflion is abundantly fignificant; for it is plain 
that the motion AD neither promotes nor hinders the 
progrefs along EF, and that AC expreffes the whole 
progrefs in this diredb'on. 

In like manner, a force AB (fig. ro.) is faid to be 
ejihnated in, or reduced to, a given plane EFGH, when 
it is conceived as refulting from the joint adlion 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 Fhe pohtion of the line n ^ is determined 
by letting fall B b perpendicular to the plane, and draw- 
ing £ P to the point P, in which BA meets the plane; 
then A a being drawn parallel to B b, will cut off b a, 
which is the redudfion 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 

tes ecllullbrio’ and are reduced to any oi>e diredlion d& 1, or 
"" °j u t0 plane EFGH, the reduced forces are alfo in 

equilibrio. 
Fitjl, Let them be reduced to one direction d l by 

drawing the perpendiculars B b, Cr, Dr/; make AL 
equal to AD, and jojn BL, CL, and draw the perpen- 
diculars L /, C r j then, becaufe the forces AB, AC. 
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AD, are in eqhtlibrio, AELC mull be a parallelogram, SecnnnLaw 
and AL is the force equivalent to AB and AC com-^ot‘ a' 
bined ; then, becaufe the lines D d, ¥> b, Q, c, L/, are ' 
parallel, d A is equal to A /, and A £ to C 0, or to r /; 
therefore A / is equal to the fum of A b and A c, which 
are the reduaions 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 a^, « a d, be the reduced forces. The lines D 
A «, B /? C *) L a, are all parallel, being perpendicular 
to the plane ; therefore the planes AB £ « and CL x* 
are parallel, and a/3, x x, are parallel. For fimilar rea- 
fons/Jx, ax, are parallel ; therefore is a parallelo- 
gram. Alfo, becaufe the linesD A L x, are parallel, 
and DA is equal to AL ; therefore s a is equal to « x. 
But becaufe «3xx is a parallelogram, the forces'® ft, « x, 
are equivalent to a x ; and « j is equal and oppofite to 
« >, and will balance it ; and therefore will balance * /j 
and ax, which are the redu£fions of AB and AC to 
the plane EFGH, while « s is the redudli'on of AD ; 
therefore the propofition is demonftrated. 

The moft ulual and the moft ufeful mode of reduc-The tnoft 
tion is to eftimate all forces in the directions of threen’0tl® 
lines drawn from one point, at right angles to each °/reduc‘ 
other, like the three plane angles of a redangular cheft, XeVco 0f 
forming the length, the breadth, and the depth of thedmates. 
cheft. Thefe are commonly called the three co ordi- 
nates. The refulting force will be the diagonal of this 
parallelepiped. This procefs occurs in all difquilitions 
in which the mutual aCtion of fulids and fluids is conli- 
dered, and when the ofcillation or rotation of detached 
free bodies is the fubjeCf of difeufiion. 

The only other general theorem that remains to be Relaq
7
ve 

deduced fiom this law of motion is, that if a number motions of 
or bodies are moving in any manner whatever, and an ’ 0 !'es not 

equal force aft on every particle of matter in the famedffedled by 

or parallel diredions, their relative motions will fufferne^^i 
no change ; for the motion of any body A (fig. 1 2.), and parallel 
relative to another body B, which is alfo in motion, is^cc. 
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 diftance. Had A deferi- 
bed AE, while B deferibed BD, there would have 
been no change of relative place or diftance ; but A is 
now at C, and Dc is its new direftion and diftance. 
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 fuftain the fame 
change ; let the equal and parallel motions AG, BH, 
be compounded with the motions AC and BD ; or let 
forces ad at once on A and B, in the parallel diredions 
AG, BH, and with equal intenfities ; 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 
Conftrud fhe figure as before, and we fee that the re 

rnVtT“'1 '? an'.1 ,hat k is fame with iiC both m relped of magnitude and pofition. 
Hete we ftill lee the conftmt analogy between the 

compoution of motions and the compofition of forces. 
3 ^ ]n 
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SeconciLawIn the firft cafe, the relative motions of things are not 
of Motion. chan d) whatever common motion be compounded 
W v ' with them all ; or, as it is ufually, but inaccurately, ex- 

preffed, although the fpace in which they move be car- 
ried along with any motion whatever. In the lecond 
cafe, the relative motions and ad 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 unitorm 
current are the fame, and produced by the fame means, 
as in {till 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, i hus 
it is that the fame Itrength of a bow will communicate 
a certain velocity to an arrow, whether it is mot eait, 
or weft, or north, or fouth. Thus it is that the mu- 
tual aftions of fublunary bodies are the fame, m what- 
ever direftions they are exerted, and notwithftanding 
the very great changes in their velocities by reafon 

the earth’s rotation and orbital revolution. i 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 conlpires 
with the orbital motion, and at midday it nearly oppofes 
ft. The difference between the velocities at the begin- 
ning of January and the beginning of July is vaftly 
o-reater. And at other times of the day, and other fea- 
fons of the year, both motions of the earth are tranf- 
verfely compounded with the eafterly or wefterly motion 
of an arrow or cannon bullet. Yet we can ooferve no 

, „ change in the effeas of the mutual aaions of bodies. 
This affords This is an important obfervation ; becaufe it proves 
a demon- that forces are to be meafured by no other fcale than 
Oration of b tfie motions which they produce. We have had re- 
toErfpeated occafions to mention the very different effma- 
“ovin? tion of moving forces by Mr Le.bmtz; and have (hewn 
forces to how, by a very partial confideration of the ac ion or now, uy c* vv. 1 y a. A 
the motions natural powers called prejures, be has attempted 

.i ^  nrnnnrtional to the produced 
fay them, to prove that moving forces are proportional to the 

fquares of the velocities; and we (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 fad, the mutual adions of bodies de- 
pend on their relative motions alone. 

6.9. 1 The Leibnitzian meafure of moving force is aitoge- 
tcotrrpadble ther incompatible with the univerfal fad now mention- 
with their ed, vi%. that the relative motions of bodies, refulting 
proportion-prom their mutual adtions, are not affetled by any com- 
ality to theff on motior or the aaion of any equal and parallel force 

thofe me- on both bodies: for this univerfal h& imports, that 
when two bodies are moving with equal velocities imtne 
fame direftion, a force applied to one of them, .o 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 deferibed by the body in con- 
fequence of the primitive force, and or the force now 
added, is the fum of the fpaces which each of them 
would generate in a body at reft. Therefore toe 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 force 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- 
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tern, are counterparts of each other. Since this inde-SeconHLaw 
pendence is a matter of obfervation in all terreftrial bo- ut M°t101^ 
dies, we are intitled to fay, that the powers which the 
Author of Nature has imparted to natural bodies are 
no way different from vvliut are competent to mutte* 
once called into exiftence. And it alfo follows from 
this, that we muft always remain ignorant of the abfo- 
lute motions of bodies. 1 he fa&, that it has required 
the unremitted ftudy of ages to difeover even the rela- 
tive motions* 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 doTrine, they b’s defence 
have anfwered, that if indeed this independence of the 
relative motions of terreftrial bodies .were oblerved to wjt]:ou!. 
obtain exactly, 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, me 
much nearer to the ratio of equality ; and the differen- 
ces of the fquares of 1000001, 1000002, 1.000003, do 
not fenfibly deviate from this ratio. . But it is not fail 
that we cannot produce motions which have a very fen- 
Able proportion to the common motion. The motion 
of a cannon ball, difeharged with one-third of its weight 
of powder, is nearly equal to that off the rotation ot 
the earth’s equator. When, therefore, we ditcharge 
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 1 to 
4 ; and, in the fecond, it changes it from x to o. But 
fay the Leibnitzians, the velocity of rotation is but zr 
of the orbital velocity of the earth, and our obferva- 
tions of the velocities of cannon bullets are not lufui 1 
ciently exad to enfure us againft an error of 31' 

But 

ticne. 

the later obfervations on the peculiar motions of the 
fixed ftars concur in (hewing, that the fun, with his at- 
tending planets, are carried along with a very great, mo, 
tion, which, in all probability, has a fenfible ratio to 
the orbital motion of the earth. This muft maxe a 
prodigious change on the earth’s abfolute motion, ac- 
cording as her orbital motion confp.res with, oppoles, 
or croffes, this other motion : the earth may even.be at 
abfolute reft in fome points of its orbit. 1 bus will the- 
compofition with the motions produced m our experi- 
ments be fo varied, that cafes mujl occur when the dif- 
ference of the refults of the two meafures of force will 
he very fenfible. 

But, farther, they have not attended to the agree- 
ment of our experiments, when the difeharges of ca"* 
non are made in a diredlion tranfverfe to that of the 
common motion. Here the immenfity of the common 
motion, and the minutenefs of our experimental veloci- 
ties, can have no effea in diminifhing the difference of 
the refults of the two doftrines. This will aPPe£lrJ*l[: 
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gecondUw tiuftly to every reader who Is much converfant In dif- 
of Mono . quJfitions of this kind ; and it is in thefe more modc- 
u^v rnr rate motions that the complete independence of the re- 

lative motions on the common motions moft accurately 
appears. Pendulum clocks and watches have been of- 
ten executed which do not deviate from perfect equabt- 
lity of motion one part in 86400. This could not be ob- 
tained in all directions of the olcillations, if the forces de- 
viated from the ratio of the velocities one part in 864.00. 

Perfect a- On the whole, we may confider it as eftablilhed on 
greementof the fureft foundation, that the action of thofe powers of 
ihe abftrad natural bodies which we call prejfure, fuch'as the force 

forcTwith ot ipnngs> '-he exertions of animals, the cohdion of bo- 
all our ac dies, as well as the adtion of thofe other incitements to 
curate ob- motion which we call nitrations and repuljions, fuch as 
fervacioiis gravitation, magnetilm, and cledtricity—is proportional 
of the ex- to ^ c]-,ancre of velocity produced by it. And we 

natural mult obierve nere, that this is not a mere mode or 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 abftradt 
dodtrine, 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 preffure 
of a fpring (for example) on a quiefcent body, yet the 
preflure adf ually exerted in producing a double velocity 
is only double, and not quadruple, as our firft imperfedl 

70 obfervations make us imagine. 
Newton’s Sir Ifaac Newton has added another propofition to 
third law of the number of laws of motion : namely, that every ac- 
motioi! is . . -ii it • 
founded on twn ls accompanied by an equal ana contrary reaction. 
experience But in affirming this to be a law of nature, he only 
alone, and means that it is an univevfal fadt: And he makes this 
isnod.a affirmation on the authority of what he conceives to 
truth. ^ 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 lava of motion to thofe confequences that necef- 
farily flow from our notions of motion, of the caufes 
of its produdtion and changes. Now this third New- 
tonian propofition is not fuch a refult. A magnet is 
faid to adf 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 prefence 
of the iron Avail be accompanied by any motion, or any 
change of flate whatever of the magnet, or any ap- 
pearance that can fuggeft the notion that the iron adfs 
on the magnet. When this was obferved, it was ac- 
counted a difcovery. Newton difcovcred that the fun 
adts on the planets, and that the earth adts on the 
moon ; and Kepler difcovered that the moon readts 
on the earth. Newton had obferved that the iron re- 
adfs on the magnet ; that the adfions of electrified bo- 

■ dies were mutual; and that every adtion of fublunary 
bodies was, in fadt, accompanied by an equal and con- 
trary reaction. On the authority of his rule of philp- 
fophizing, he affirmed that the planets readt 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 confequences 
of this reaction. Aftronomers examined the celeftial 
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motions mere narrowly, and found that thofe coufe-Second Law 
quences do really obtain, and difturb all the planetary Motion.^ 
motions. It is now found that this reciprocity of ac- 
tion obtains throughout the folar fyftem with the utmoft 
precifion, and that the third Newtonian propofnion is 
really a law of nature, although it is not a law of hu- 
man thought. It is a difcovery. The contrary in- 
volves no abfurdity or contradiction. It world indeed 
be contrary to experience ; but things might have been 
otherwife. It is conceivable, and polfible, that a ball 
A Ihall ftrike another equal ball B, and carry it along 
with it, without any diminution of its velocity. The 
fadt, that the velocity of A is reduced to one-half, is the 
indication of a torce reliding in B, which force changes 
the motion of A; and the intenlity of 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 readtion of B is difcovcred to be equal to the 
action of A. 

It is highly probable, that this univerfality and equa- 
lity of readtion to action 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 
adtions of bodies on each other. 

Although the celebrated philofophers of Europe Manperju^ 
have at laft agreed in the reception of the two propofi-is,Leibnitz, 
tions fo largely difeufled jay us as the laws of motion,an<) other 
they have differed exceedingly in their opinion about 
their origin and validity : Some afferted that they are 
entirely matters of experience ; while others affirmed very inade- 
them to be neceffary truths. The royal academy of4yate °pi- 
Berlin made this queftion the fubjedf of their prize dif-cemhi^thc 
fertation in the year 1744. Mr Maupertuis, prefident fm/ndition2 

of the academy, publilhed a differtation ; in which he of the laws 
endeavoured to prove that they are neceffary truths, only motion, 
becaufe they are fuch as make the quantity of action the lecifl 
poffihle an economy which is worthy of infinite wifdom ; 
and therefore certainly diredls 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 queltion of this 
kind. We know too little about infinite wifdom to be 
able to fay with Meffrs Leibnitz and Maupertuis, that 
the Deity Ihould or fhould not imprels on bodies laws 
different from thofe which are effential to matter ; and 
we are not to inquire whether God could or could not 
do this. We know from our own experience, that 
matter, when fubjefted to the aftion 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 be 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 firft. 
employment fhould be to evolve thofe truths. We can 
do this in no way but by firft noticing the relations of 
the ideas that we have of the different obje&s of con- 
templation, and then following the laws of human 
thought in our judgments concerning thofe relations. 
This procefs of the mind is expreffed in the train of a 
geometrical demonftration. The different parts or argu- 

3U 2 mentation* 
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Secon 1 f.aw mentations of this train are.not the caries Oi our con- 
Of Motion. c]uflonSj but the means by which we torm our judge- 

* v™' ment . not the reafons of the truth of our ultimate 
conclufion, but the fteps by which we arrive at the 
knowledge of it. The young geometer generally thinks 
other wife : But that this is the matter of fadl 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 
queSiion ; and the firft general truths which we End in- 
volved in the notions of matter, motion, and force, muft 
be received as necejfary truths. The fteps by which we 
arrive at the difeovery are the laws of human thought ; 
and the exprefilon of the difeovery, involving both the 
truth itfelf and the manner of conceiving it, is a necd- 
fary law of motion. There may be other fads, perhaps 
as general as any of thofe necehary laws, but which do 
not neceflarily refult from the relations of our notions 
of motion and of force. Thefe are difeovered by ob- 
fervation only ; and they ferve to charadterife the forces 
which nature prefents to our view. Thefe fadls are 
contingent laws of motion. 

We apprehend that this method has been followed 
in treating this article. The firft propofition, termed 
a Jaw of motion, is only a more convenient way of ex- 
prefling our contemplation of motion in body as an ef- 
fedl of the general caufe which we term force. The fe- 
cund propofition does nothing but exprefs more dif- 
tindlly the relation between this caufe and its effedft ; 
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 fuited 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 produdion of a material univerfe which fhould ac- 
complifh the purpofes of the Creator, it was neceffary 
that there be certain charaderiftic differences between 
the forces inherent in the various colledions of matter 
which compofe this univerfe. The fads 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 occafionally mentioned fome in- 
flances where this appears to obtain, but gave good rea- 
fons for affirming, that a due examination of all circum- 
ftances which may be obferved in the produdion or va- 
riation of motion by thofe torces, 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 caufes of 
motion, ad agreeably to the fame laws. Careful exa- 
mination was, however, faid to be necellary. 

This examination muff confift in diftindly noticing 
the circumftances that occur' in the produdion of mo- 
tion by any force whatever. It is by no means enough 
to Hate Amply the intenflty of the force and the direc- 
tion of its exertion. If a force continue to ad, it con- 
tinues to vary the motion already produced. Should 
the force change its intenflty or diredion while it is 
ading, thefe circumftances muft induce ftill farther 

changes in the motion ; and it is not till all avd'on has Of Acce?e. 
ceafed that the motion is brought to its oftenfible ftate, ^te(1 

in which it is the objed of our attention and our fu- 
tare dilcuflions. Initances of the efieds of fuch con- i ^ j 
tinued and fuch varied adions are to be feen in moft 
of the phenomena of nature or art. The communica- 
tion of motion by impulfe is perhaps the only inftance 
(very frequent indeed) that.can be produced where this 
is not neceffary : Nay, we fhall perhaps find reafon to 
conclude, that this inftance is not an exception, and that 
even the communication of motion from one billiard 
ball to another is brought about by an adion conti- 
nued for fome time, and greatly varied during that 
time. Much preparation is therefore neceffary before 
we can apply the general laws of motion to the folution 
of moft of the queftions which come before us in the 
courfe even $f our elementary difquifitions. We muft 
lay down fome general propofitions which determine 
the refults of the continued, and perhaps varied, adions 
of moving forces ; and we muft mark the different ef- 
feds of the Ample continuation of adion, and allb thofe 
of the variations in this continued adion, both in re- 
fped of intenfity and diredion. The effed of a mere 
continuance of adion muft be an acceleration of the 
motion ; or a retardation of it, if the force continue to 
ad in the oppofite diredion. The effed of the conti- 
nued adion of a tranfverfe force muft be a continual 
defledion, that is, a curvelineal motion. Thefe muft. 
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 flope, has itSftantjai 
motion continually accelerated, and that the motion ofpofidon of 
an arrow riling perpendicularly through the air is con*”^C

(^
n^ 

tinually retarded; and they feel no difficulty in concei-^'d^* 
ving thefe changes of motion as the effeds of the con-()fa body 
tinual operation of their weight o'r heavinefs. The falling in refpeft 
ftone is in a different condition in refped of motion int0 motion, 
the beginning and the end of its fall. In what refped do 
thefe Hates of the body differ? Only in refped to what 
we call its velocity. This is an affedion of motion ; it 
is an expreflion 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 
ftiip’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 aukvvardly) “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 fradion, of which 
the numerator is a number of inches, feet, yards, fa- 
thoms, or miles, and the denominator is the number of 
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 canflant, it is indifferent 

how 
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of Accele- how long the line may be; becaufe the time of its de- Axiom.—If A be to B in a ratio that is greater than 
rated ami fcrjption will be lengthened in the fame proportion, any ratio lefs than that of C to D, but lefs than any ratio 

Motions. ,1^UIS 48 feet be deferibed in 12 feconds, 36 feet  1 ' r ^ w 1 A ' ‘ ^ ^ 
u—y- will be delcribed in 9 feconds, 16 feet will be deferibed 

in 4 feconds, &c. Now f-|, and */, are fradtions 
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 deferibed uniformly in 
one unit of time. 

Magnitude But how (hall we determine the velocity of any inllant 
of a velo- or in any point of a motion that is continually changing? 

which we ^uPP°^e t^at a ^as fa^en M4 feet> and that we 
have no ac-wou afcerta‘n Jts velocity in that point of its fall, or 
tuai mea- the velocity which it has in palling through that point? 
lure. In the next fecond the body falls 112 feet farther. 

This cannct 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 fmall. The mean of thefe 

804-112 192 
two, or ^— 96, is probably more ex- 

adf. 
2 2 

Due attention to the nature of this motion (hews 
us, that 96 is the proper meafure, or that the motion 
at that inttant 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 deferibed in two fucceeding equal mo- 
ments is the meafure of the velocity in the middle in- 
liant. Therefore this method will not generally give 
an accurate meafure. Yet it is indifptnfably neceflary 
to obtain tome accurate meafure ; for it is in this par- 
ticular alone that the (late of the body differs from its 
fimilar (late in another inllant. The difference of place 
makes no diltiudlion ; for if a body continue its motion 
unchanged, its condition in every different inllant 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 confilts, therefore, 
in the change of velocity . Therefore the change of ve- 
locity is the only indication, and the only meafure of 
the adlion (perhaps accumulated) of the changing force. 
It is therefore the chief objedl of our fearch ; and accu- 
rate meafures of velocity are abfolutely neeeffary. 

When the velocity claanges continually, there can be 
no aflual meafure of it. In what then does the mag- 
nitude of a velocity confift, when there is no adlual mea- 
fure of it? It is a certain undefcribable determina- 
tion ; by which, if not changed, a certain fpace 'would 
be uniformly deferibed in a given unit of time. Thus 
we know, that if, when a Hone has fallen 16 feet, its 
motion be diredled along a horizontal plane, without 
diminution, it will move on for ever at the rate of 
32 feet per fecond. The fpace which would be thus 
deferibed is not the velocity, but the meafure of the ve- 
locity. But the proportions of thofe fpaces, being the 

are co 'proportions of thofe meafures, are the proportions of 
inially velocities themfeives. We may difeover thefe pro- 
changing. portions in,the following manner: 
Hmdamen- Let ACG (fig. 13.) be a line deferibed by a body 

in aTl^'ne ^a motion anyhow continually, but gradually, va- 
chamcal r]<-d ; and let it be required to determine the propor- 
4 fqulf;. tion of the velocity in any point C to the velocity in 
turns. any other point F. 

7a 
Momenta- 
ry propor- 
tion of ve- 
locities that, 

greater than that of C to D, then A is to B as C to D. 
Take the llraight line a c g to reprefent the time of 

the body’s motion along ACG, fo that the points a, c, 
fig, may reprefent the'inftants of time in which the 
body paffes through the points A, C, F, G ; and the 
portions a c, c f, f g, of the line a g, may reprefent the 
times employed in deferibing the portions AC, CF, 
FG ; and therefore a c i>> to a f as the time of deferi- 
bing AC to the time of deferibing AF. 

Moreover, let h h n 0 be a line fo related to the 
ftraight line a c f g, by the perpendicular ordinates a 
c k, fn, g 0, and the areas a c k h, a f n h, ag o h, may 
be proportional to the portions AC, AF, AG, of the 
line deicribed by the moving body ; and let this rela- 
tion be true with refpedl to every point B, D, E, Scq. 
and the correfponding points b, d, e, Sic. 

Then it is affirmed, that the •velocity in the point C is 
to the •velocity in the point Y as c k is to f n. 

Let the equal lines b c, c dt e f, f g, reprefent equal 
moments of time, and let B, D, E, G, be the points 
through which the body is paffing at the indants b, d, 
eg. Then the areas b i k c, c k l d, e m nff n 0 g, will 
reprefent, and be proportional to, the fpaces BC, CD, 
EF, FG, which are deferibed during the moments b cr 

c d, effg- " 
Draw t p parallel to a g, fo as to make the re&angle 

b tp c equal to the trapezium bike', and draw the lines 
q v, u r, s x, in the fame manner, fo that each redlangle 
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 deferibed, then the velocity in the point 
C would have been to the velocity in the point F as cp 
tofs: For fince the redlangles b tp c and f s xg are re- 
fpeftively equal to the trapeziums hike and f nog', and 
fince h i k c h to f n 0 g as BC is to FG, the redlangle 
b t p c is to the redlangle f s x g zs BC to FG. But 
beeaufe thefe two redlangles have equal altitudes l c 
and f g, they are to each other in the proportion of 
their bafes cp and g x, or c p and f s. Therefore BC is 
to FG as toy/. But if BC and FG are uniformly 
deicribed in equal times, they are proportional to the 
velocities of thole uniform motions. Therefore cp is 
tofs as the velocity with which BC is uniformly de- 
cribed to the velocity with which FG is uniformly de- 
feribed 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 g, 
and the areas, cut off by the parallel ordinates, increafe 
in a greater proportion than the correfponding parts of 
the axis ; that is, the fpaces increafe falter than the 
times : for the moments b c, c r/, ef f g, being all equal, 
it is evident that the correfponding (lips of the area con- 
tinually augment. The motion is fwifter at the inllant 
c than at the inftant 3, and the velocity at the inftant c 
is, greater than that with which the fpace BC would be 
uniformly deferibed in the fame time. For the fame 
reafon, the velocity at the inllant/is kfs than that with 
which the fpace FG would be uniformly deferibed m 
the fame time. Therefore the velocity at the inftant c 
is to the velocity at the inftant/ in a greater ratio than 
that of c p to f s. In the very fame manner, it will 
appear by comparing the motion during the moment 

cd 
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Of Accele-^ J ^ith the motion during the moment ef, that the ve- 
rated and ioc;ty at the inftant c is to the velocity at the inftant/ 

Modo'nf inalefsratiothanthat°f':?t0^r.' , , . Therefore the velocity in the point C is to the velo- 
city in the point F in a greater ratio than that ol c /> to 
fs', but in a lefs ratio than that of r y to/r.^ 

But by continually diminiihing the equal moments 
l c, c d, ef, fg, it is evident that cp and c q continually 
approach to equality with c k; and f r andy continual- 
ly approach to equality with /n, that when cp is lefs 
than c k,f s is greater than/ n, and when c q is greater 
than c h, f r is lefs thanyn. 

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 c h \.o any line greater than 
fn, but which is lefs than the ratio of any line greater 
than c k to any line lefs than f 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 r ^ to fn; but it is lefs 
than any ratio that is greater than that of c k to f n. 
Therefore the velocity in the point C is to the velocity 
in the point F as r i to f n. 

This important theorem may be exprefied in more 
general terms as follows : 

If the abfeiffa a £ of a line h k o reprefent the time of 
atiy motion, and ij the areas bounded by parallel ordinates 
It proportional to the fpaces deferibed, 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 moru clearly in the following manner. 

Let a c g be any llraight line, and let ‘t> be ano- 
ther line, ftraight or curved. Let the llraight lure a h z, 
perpendicular to a g, be carried uniformly down along 
this line, keeping always perpendicular to it, and there- 
fore always parallel to its firlt polition a h z. In its 
various iituatious c k z, e m z, &c. it will cut off areas 
<jc l h, a e m h, &c. bounded by the axis by the ordi- 
nates a h and c h, or by the ordinates a h and e m, <Scc. 
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 ac kh, a e mh, &c. At the fame 
time, let a point A move along the line ACG, fetting 
out from A at the inltant 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 b, i h, a c k h, a d l h, See. or fuch that we fhall 
have AB to AC as a l i h, lo a c h h, &c. It is plain, 
that the motion along AG is the fame with that deferi- 
bed in the enunciation of the propofition : for becaufe 
the motion of the ordinate a z, along the axis a g, is 
fuppofed to be uniform, the fpaces a b, a c, a d, See. are 
proportional to the times in which they are deicribed, 
and may therefore be taken to meaiure or to reprefent 
thofe times.' 

Cor. i. In a motion continually varied, 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 luppofed to diminifli con- 
tinually : for it is evident, that if the equal moments 
b c, c d, e f, f g, are fuppofed to diminifli continually, 
till the inftants b andd coalefce with c, and the inllants 
e aadg coakfce with/; then the ratio of c i to/n is 
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the limit of the continually increafing ratio of f /> to/j-,Of Aecele 
or of the continually diminifhing ratio of c q to/r. Sir 
Ifaac Newton calls this the ultimate ratio of c p to f s, Motions, 
or of c y to / r. Now the ratio oi c p to f s is, by con- u. 
ftru&ion, the fame with the ratio of the reftangle bt pc 
to the reftangle f s x g, and the ratio of r y to/r is the 
fame with the ratio ol the re&angle c q v d to the rec- 
tangle e u r f. But the ratio of the redlangle b t p c to 
the redlangle/j is the fame with the ratio ot the 
fpace bi k c to the (pace/ nog; that is (by bypothefis), 
the fame with the ratio of the fpace BC to the fpace 
FG ; and the ratio of the redtangles 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 r /' to/n 
is the limit both of the ratio of c p to f s and of the 
ratio of r y to/r, thefe 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 eafily perceive, that the ratio of the 
area b i k c to the area e m nf approaches more near to 
the ratio of r £ to/« as we take the moments b c and 
^/fmaller. Therefore, in many cafes of praftice, 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 
mtafures of the proportions of the velocities, we may 
reduce the errors of meafurement to fomething very in- 
fip-nificant, by taking thefe moments extremely fmall { 
and we (hall diminnh the error Hill more, by taking the 
proportion of the half fum of BC and CD to the half 
lum 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 fliid 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 n, 
that the ratio oi c k to f n is ftill the ultimate ratio of 
the bafts of rectangles equal to the mixtilineal areas, 
whether the altitudes (reprefenting the moments) are 
equal or not. Now the bafes of two reCIangles are in 
the proportion of the re&angles diredtly, 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 rectangles 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 
the direbl ultimate ratio of the momentary increments oj the 
fpaces, and the inverfe ultimate ratio of the increments (or 
moments) of the times in which thefe increments of the fpa- 
ces are made. • 

If j, 11, and /, are taken to reprefent the magnitudes 
of the fpaces, velocities, and times, and if j, v, and t, 
are taken always in the limiting or ultimate ratio of 
their momentary increments, we (hall have v always in 

the 
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the firfl of thefe two propofitions, which enables us to Of Accele- 

Ketarded exprefs this by the proportional equation v ===-l> which 
t 

or V 

75- 

g 
is equivalent to the analogy V : = d_. : 
  t / 

= S / : j T. 
N. JB. Here obferve, that this is not tlie only w ay of 

{fating the relation of fpace and time—the abfeifia may 
be made the time, and the ordinate the fpace; then the 

velocity ~JL. 
x 

The convene of this propofition may be thus ex- 
^6 preffed. 

Converfe // the axis ^ g of the line h k o reprefent the tune of a 
theorem, 'varied motion along the line AG, and if the ordinates a h, 

b i, c k, £sfc. he as the 'velocities in the injlanls a, b, c, or 
in the points A, B, C ; then the areas a b i h, ackh, 
ail h, &c. are proportional to the fpaces AB, AC, AD, 
tfc. ‘ _ 

This may be demonftrated in the fame way with the 
former ; but the indired demonltration is more brief, 
and equally {tried. 

If the fpaces AC, AF, Sac. are not proportional to 
the areas ackh, afnh, See. they are proportional to 
fome other areas a c k h', af ri //, &c. which are bound- 
ed by the fame ordinates, and by another line If kn'. 
But becaufe the d.xza.s a c k h', afn'b', &c. are always 
proportional to the fpaces AC, AF, &c. 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 
f n'. But, by hypothelis, the velocity in C is to the 
velocity in F as c ^ toy'n, and f n' is equal to f n •, which 
is abfurd. Therefore the fpaees AC, AF, are not pro- 
portional to any other areas, &c. 

77. 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 ef, are equal, it is evident that the 
ultimate ratio of the redangles b c p t, efru is the fame 
with the ultimate ratio of the increments of die fpaces. 
But the ultimate ratio of thefe redangles is the lame 
wu’th their bafes and fr; that is, the ratio of c i 
to f n, that is, the ratio of the velocities. And when 
the moments are unequal, the ratio of the redangles 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 : j — VT : vt, and s == v t. 
It mod commonly happens, that we can only obferve 

the accumulated refults of varied motions; and in them 
we only obferve a fpace paifed over, and a certain por- 
tion of time that has elapfed during the motion. But 
being able to diftinguifh the portions of the whole fpace 
which are deferibed in known portions of the whole 
time, and having mode fuch obfervations in feveral parts 
of the motion, we difeover the general law that the mo- 
tion affeds, 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 irequency of our obfervation. It 
is not till we have done this that we can make ufe. of 

afeertain the velocity of the motion in its different mo- oa?e<* j1'? 
ments. Thus if we obferve, that a ftone in falling de- Motion*, 
feends one foot in the quarter of a feepnd, 16 feet in a —y—< 
fecond, 64 feet in two feconds, and 144 feet in three 
feconds ; the general law immediately obferved is, “ that 
the fpaecs deferihed 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 iz to 21 ; and 16 is to 144 as I* 
to 32. Hence we infer, with great probability, that 
the {tone would fall 36 feet in a fecond and a half; for 
16 is to 36 as i3 to 113; and we conclude in the fame 
way for all other parts of the motion. 78 

This immediate obfervation of the analogy between A good ex- 
the {paces and the fquares of the times fuggefts an eafy 
determination of the velocity in this particular kind off^caTme^" 
motion; and 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 muff be proportioned to the fquares of 
the portions of ag, vve perceive that the line which 
comes in place of h k 0 muff be a ftraight line drawn 
from a. For example, the ffraight line a $ y. For this 
is the only boundary which will give areas alii, a c 
ads, &c. proportional to a b'1, ac1, a dz. See. And we 
perceive that any ffraight 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 inftant b is to the velocity’ at 
the inilant d as b ft to d S, &c. 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 b (i is to d $ a b is to a d ; 
and we make the fame affirmation concernifig the mag- 
nitudes reprefented by thefe lines. We fay that the 
velocity at the inffant b is to the velocity at the inftant 
d as the time ab is to the time a d. We fay, in terms 
ftill 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 are 
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 iocrements of the velocities are propor- 
tional to the times in which they are acquired ; for ^ * 
is to p pas to df, &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 we 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 charadteriftic of an uniformly accelerated motion. 

Laftly, if we draw f xparallel to the axis ab, we per- 
ceive that the redfangle a e f x is double of the triangle 
acf. Now becaufe ae reprefijnts the time of the mo- 
tion, and ea reprefents the acquired velocity, the rec- 
tangle aei x will reprefent the fpace which would be 
uniformly deferibed with the velocity e ‘ during the time 

ar>. 
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Of Acce’e- (i g' But tKe triangle a e * reprefents the fpace redly 

Rerir'di'1^ ^c‘rcr;ix^ with the uniformly accelerated motion during 
f orces,^ the fame time. Hence we infer, that the fpace that is 

^—y—L defcribed in any time, with a motion increafing uniform- 
ly from nothing, is one-half of the fpace which would 
be uniformly defcribed during the fame time with the 
final velocity. 

Thefe are but a pnrt of the inferences which we may 
draw from the geometrical properties of thofe reprefen- 
tations which we had feltdud of the different meafure- 
ftble affe&ions of motion. We may affirm, with refpeft 
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 tins very fimple and 
perfpicuous axample, to give our young readers a juft 
conception of the mathematical method of proiecuting 
mechanical knowledge, and ty make them fcnhble of 
the iJnqueftionable authority for every theorem deduced 
in this manner. 

One of the mod important is, to difeover the accu- 
mulated refult of a motion of which we only oblerve the 
momentary increments. This is to be done by finding 

• the area, or portions of the area, of the mixtilineal fpace 
ag oh ; and it is evidently analogous to the inverfe me- 
thod of fluxions, or the integral calculus. 

In moft cafes, we muff; avail ourfelves of the corolla- 
ry j~ —- *7’ /, and we obtain the folution of our queftion 
only in the cafes where our knowledge of the quanti- 
ties j, t, and m (cpnudered as geometrical magnitudes, 
that is, as hues and furfaces), enables us to difeover 
s and /. 

Of Accelerating and Retarding Forces. 
£ Having thus difeovered the proportions of the ver 

locities in motions varying in any manner whatever, we 
oan obfer.ve the variations which happen in them. Thefe 
variations are the effedfs, and the orwy 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 diredtions in which 
they adt; 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 dire&ion muff be con- 
ceived as the fame with that of the previous motion ; 
becaufe the refult of the adtion of a force is equivalent 
to the compofftion of the motion which that force 
would produce in a quiefeent body with the motion al 
readv exifting: and an increafe of velocity is equivalent 
to the compofition of a motion in the fame diredfion. 

Havi g no other mark of the force but the accelera- 
tion, we have no other name for it in the abftradt doc 

* trines of dynamics, and we call it an acceleraung 
Torch. 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 
muff endeavour to obtain meafures of the acceleration. 

A contiuua increafe of velocity is the effedt of the 
continued adfion of accelerating forces. If equal in- 
crements of velocity are produced in every fuceeeding 
equal moment of time, we caunot conceive that thete is 

M 1 C S. 
any change in the accelerating force. Therefore a uni- Of ^ccde- 
formly accelerated motion is the mark of the unvalued rat’ng and 
adfion of an accelerating force, that is, of the continued ^'f,' 
adtion of a conffant force ; of a force whofe intenfity is i ^ - / 
always tire fame. When therefore we obferve a body 
delcribe fpaces proportional to the fquares of the times, 
we muff infer that it is urged forward by a force whole 
intenfity does not change ; and, on the other hand, a 
conftant force muff produce a uniformly accelerated mo- 
tion by its continued adtion. And if any previous cir- 
cumftances affure us of this continued adtion 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 muff furely be accounted double which VJeaf'ure 

produces a double increment of velocity in-the famej^3^^* 
time by its uniform adtion, we can form no other effi-Ullt; 

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. 

Suppofmg them to adt on a body at reft. Then the 
velocity produced is itfelf the increment ; and we muff 
fay, that accelerating forces are proportional to the ve- 
locities which they generate in a body in equal times. 
And becaule we found (n 79.), that the fpace defcri- 
bed with a uniformly accelerated motion is half the 
fpace which would be uniformly defcribed in the fame 
time with the final velocity, which fpace is the diredl 
meafure of this velocity, and becauie halves have the 
fame proportion with the wholes — we may fay that 
accelerating forces are proportional to the fpaces through Armth-r 
which they impel a body from rejl in equal times by their ure' 
uniform ad ion. 

This is an important remark ; becaufe it gives us an 
eafy meafure of the force, without the trouble of firft 
computing the velocities. It alio gives us the only dif- 
tindk notion that we have of the meafurement of forces 
by the motions which they produce. When fpeaking 
of the compofition of forces we diftinguifhed or deno- 
minated them by the fides and diagonal of a parallelo- 
gram Thefe lines mult 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 fuppoied 
to be feparately defcribed in equal times, and therefore 
to be proportional to the velocities generated by the 
conftituent forces. If indeed the forces do not adt uni- 
formly, nor fimilarly, nor during equal times, we can- 
not lay (without farther iuveftigation) what is the pro- 
portion of the inteufity of the forces, nor can we infer 
the compofition of their adtion. We muff at leaft lap- 
pofe, that in every inftant of this very imall time of their 
joint adtion, their diredtion 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 ftill proportional to the velocities ge- 
nerated. In the mean time, we may take the fpacea 
through which a body is uniiormly impelled from reft 
(that is, with a uniformly accelerated motion) as the 
meaiures 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 32 feet per fecond, 
and an accelerating force adis on it during a fecond. 
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of Accele- and if this force be fuch that it would impel the body 

(fr0tl? a ftate of;reft) 16 feet» wil1 add ^ the body a 
Forces.^ velocity of 32 feet Per fecond. Accordingly, this is 
 the effea of gravity—the weight of a pound of lead may 

be confidered as a force which does not vary in its in* 
tenfity. We know that it will caufe the lead to fall 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 fadt 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 adtion of gravity during the 2d fecond ; and gravi- 
ty is in fadl a conftant force, caufing equal increments 
of velocity in equal times, however great the velocities 
may be. It does not adt like a ftream of fluid, whofe 
impulfe or adtion diminilhes 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 mull be accounted 
double which generates the fame velocity, by adting 
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 adrion ; 
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 aaion 
of an accelerating force. The force muft be accounted 
greater in the fame proportion that the time required 
for the produdfion 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 adtion. 

By combining thefe two proportions we eftablifh this 
general theorem : 

Meafure decelerating forces are proportional to the changes of ve- 
accelera- heity •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, V7 and v' the 

changes of velocity, and T' and V the portions of time 
in which they are uniformly produced, we have 

A : a = W : v'T, = ^7; y 
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ting force, 

And a 
v' 
T. 

It mull always be kept in mind, that v and t are ab-'Wcde- 
ftradf numbers ; and that v refers to fome unit of fpace, rati,)g 
fuch as a foot, an inch, a yard ; and that t refers to 
feme unit of time, fuch as an hour, a miuute, a fecond ; 
and efpecially that a is the number of the fame units 83 
of fpace, which will be uniformly deferibed in cne unit^aila^* 

num- of the time with the velocity generated, by the force 
a&ing uniformly during that unit. It is twice the 
fpace adhually deferibed 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 previoufiy known, we employ the theorem3 c^',-"Se °f 
a t' — v' •, that is, the addition made to the velocity vl'loclt5r" 
during the whole, or any part, of the time of the adlion 
of the force is obtained by multiplying the acceleration 
of one unit of time by the number of fuch units con- 
tained in t'. 

Thefe are evidently leading theorems in dynamics ; Thefe mea- 
becaufe all the mechanical powers of nature come un-rureieX- 
der the predicament of accelerating or retarding forces. 
It is the colledtion of thefe in any fubjedf, and the man-part of our 
ner in which they accompany, or are inherent in it, knowledge 
which determine the mechanical chara&er of that fub-°: nie:ha" 
je& ; and therefore the phenomena by which they aremc ln3~ 
brought into view are the the chara&eriftic phenomena. ^ U 

Nay, it may even be queftioned, whether the phenome- 
na bring any thing more into view. This force, of which 
we fpeak fo familiarly, is no objedt of diftindt contem- 
plation ; it is merely a fomething that is proportional 

to JL. 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 JL, which refults from the vicinity of 
i 

another body B ; we fay that a force refides in A, and 
that it is double of the force reiiding in B. The ac- 
celerations are the things immediately and truly ex- 
prefied. 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 vve come 
to ftudy the mechanical hiftory of bodies. Then, in- 
deed, we muft have fome way of expreffing the fadl, that 

. 3 a feet . 
an acceleration — ■— is obferved in every thing on 

the furface of this globe ; and that an acceleration 
418 feet. 

The formula nr == y is not reftri&ed to any parti- T' is obferved over all the furface of the fun. Thefe 

cular magnitude of v' and A It is true, therefore, 
when the portion of time is diminiihed without end ; 
for fince the adlion is fuppofed uniform, the increment 
of velocity is leffened in the fame proportion, and the 

value of the fradlion -j- remains the fame. The cha- 

radlers or fymbols 1/ and t' are commonly ufed to ex- 
prefs fnite portions of v and t. 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 indefinitely fmall portions of v and t. We (hall 

fadts are charadteriftic of this earth and of the fun ; and 
we exprefs them ihortly by faying, that fuch and fuch 
forces rdide in the earth and in the fun. It will pre- 
ferve us from many miltakes 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 objedl of contem-Arccher 
plation, and all that we obferve of motion is a fpacemejfure oJ 

and a time, it may be proper to give an expreffion of:‘t ce fa* 
this meafure of accelerating force which involves no

tinSiorcfc 

other idea. Suppofmg the body to have been previ- 

abide by the formula a = —* 
‘ t 

Svrtt, Vou I. Part II, 

oufly at reft, we have a == y. Multiply both parts 

3X of 
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dynamics. 

Of Accek-of the fraction by which does not change its value, 
rating and ^ ^ 
Retarding have a == —But tj / ~ j 5 and therefore tx 

Forces. ' t 

cf accelera- 
ting force. 

The formula a = —7 is equivalent to the proportion 

f2 : 1 rr j : ; and a 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 aftion, we may exprefs the accelera- 

2 s 
ting force by a — p-. 

The following theorem is of Hill more extenfive ufe 
g, in all dynamical difquifitions* 

Moft gene- Accelerating forces are proportional to the momentary in- 
ral meafure crements of the fquares of the velocities dire Elly, and as 

the fpaces along 'which they are uniformly acquired in- 
verfely. 
Let A'B, AC, and AD (fig. 14.), be three lines, 

deferibed 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 meafures. On the greateft of them 
AD, deferibe the femicircle ABCD, and apply the 
other two lines A*B, A C as chords AB, AC. Draw 
LB, FC perpendicular to AD. Take any fmall por- 
tions B 3, C c of AB and AC, and draw b e, cf per- 
pendicular to AD, and E h and F k parallel to AB 
and AC. 

Then, becaufe the triangles DAB and BAE are U- 
milar, we have AD : AE = AD2 : AB5. 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 : V1, B. 
For the fame reafons we have alfo 

AD : AF = V*, D : V1, C. Therefore 
AE : AF = V% B : V% C. 

But becaufe in any uniformly accelerated motion, 
the fpaces are as the fquares ot the acquired velocities, 
we have alfo 

AE : Ae = V*, B : V* 3, and 
AF : A f — V% C : V5 c. 

Therefore E e is to Fy* as the increment of the fquare 
of the velocity acquired in the motion along B ^ to the 
increment of the fquare of the velocity acquired along 
Cc. # 

But, by fimilarity of the triangles ABD and E f 
we have 

AB : AD = E e : E ; and, in like manner, 
AD : AC = F ^ : F/. Therefore 
AB : AC = E X F i : F/X E h. 

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 

along the portions B b and C c ; and E h and F h are Of Aceele- 
equal to thofe portions refpe&ively. The ratio of AB rating and 
to AC is compounded of the direef ratio of E t to F/; 
and the inverfe ratio of E to F k. The propoiition >  
is therefore demonftrated. 

The proportion may be expreffed thus : 
E e F /* 

AB : AC = and may be expreffed by 
E e 

the proportional equation AB =~ or, fymbolical- 

ly, a= -—r— 
s 

Remark. Becaufe the motion along any of thefeis hut 
three lines is uniformly accelerated, the relation between 
fpaces, times, and velocities, may be reprefented by 
means of the triangle ABC (fig. 15.) ; where AB re-of 
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 £ be two moments of time, 
equal or unequal. Then D rA E and B b c C. are half 
the increments of the fquares of the velocities DE and. 
BC, acquired during the moments D d and B 3. It 
was demonllrated, that the ratio of the area D e E to 
the area ¥> b c C is compounded of the ratio of DE 
to BC, and the ultimate ratio of D J to B b. But D d 
and B b are refpeftively equal to t e and * c. Ihere- 
fore D E is to 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 v, then * e 
and x c mull 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 u i/ ; 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, V1 and v1 re- 
prefent the fquares of the velocities, W and v v will" 
reprefent not the increments of thole fquaies, but halF 
the increments of them. 

We may now reprefent this propofition concerning 
accelerating forces by the proportional equation a ~ 
v'v ; and we muff confider this as equivalent with a =r 

j ; keeping always in mind, that a, V, and v. 
V2 — 1;2 

2(8 — sy _ , 
relate to the fame units of time and fpace, and that a is 
that number of units of the fcale on which S and s 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 ofgfavny^ 
gravity, fuppofing it to aft uniformly on a body. Let ^n

an accea 
the fpaces be meafured in feet and the time in feconds. ierating 
It is a matter of obfervation, that when a body has fal-force, 
len 64 feet, k 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 a&ing on it during one fecond. We have V* = 
9216, and v1 = 4096 ; and therefore V/1—■n2 = 5120. 
S — 144, and s = 64, and S —— j = 80, and 2 (S s) 

5120 

= 160. Now a g > — 32. Therefore gravi- 
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Of Aecele-ty has genefated the velocity 32 feet per fecond by 

K elan ling uniformly during one fecond. 
Forces. augmentation of the fquare of the velocity is pro- 

W-v—portional to the force and to the fpace jointly. For, becaufe 
86‘ /* — ‘t> i> 1 a — —> we have as — vv. 

s 

Thus we learn, that a given force afting 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 adted, fo the augmentation of the fquare of 
the velocity is proportional to the fpace along which it 
has adted. 

tTfiedh’1'18 —t *S Pre,:ty phiJ*n> that all that we have faid of the 
retarding^ um*orrn 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 adtion. Such a 
motion is the indication of a conftant or invariable force 
admg in a diredion oppofite to that of the motion. 
We conceive this to be the cafe when an arrow is fhot 
peipendicularly upwards ; its weight is conceived as a 
force continually preffing 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 fucceffive moment, and fome multiple of 
this will exceed the initial velocity. Therefore the 
velocity Mill be extinguifhed before the end of a 
time that is the fame multiple of the time in which 
tiie velocity' was diminiffied 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 foice, is equal to the time in which the fame 
force would generate this velocity in the body previ- 
ously at reft. Therefore, 

^7' 1 • T-he 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 
extindion of its velocity are as the fquares of the initial 
velocities. 

3. 1 hey are aifo as the fquares of the times elapfed. 
8j>- 4 The diftance to which a body, projeded with any 

velocity, will go till its motion be extinguifhed by the 
uniform adion of a retarding force, is one half of the 
fpace which it would defcribe uniformly during the 
fame time with the initial velocity. 

Forces ge- It very rarely happens, that the force which accele- 

tiable^in ,a*-es t^e body ads uniformly, or with an unvaried in- 
ffieir incen- tenhty. 1 he attradion 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 effeds of ac- 
celerating forces are very imperfedly explained, till we 
have fhewm what motions refult from any given varia- 
tion of force, and how to difcover the variation of force 
from the obferved motion. This laft queftion is per- 

M I C $• f 
haps the moll important in the fludy of meclianical na-Of Accele- 
ture. It is only thus that we learn what is ufually call- rating and 
ed the nature of a mechanical force. This chiefly con- 
fills in the relation fubfifting between the intenfity ofy— 
the force and the diftance of the fubftance in which it 
refides. "1 bus the nature of that power which pro- 
duces all the planetary motions, is confidered as afcer- 
tained when we have demonftrated that its preffure or 
intenfity is inverfely as the fquare of the diftance from 
the body in which it is fuppofed to relide. 

Acceleration expreffes 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 expreffed by the con- 
ftant ratio of the ordinates and ablciflfes of the triangle 
ag v. The ratio d S to a d is the fame with that of 
e t to a e, or that of/f to a/, &c.; or the ratio of the 
increment of velocity cr * to the increment of the time 

ex ox b c, or that of i ? to i i, 8cc. This ratio ex x.: (l-sr 

is equivalent to the fymbol !!L 
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-Thefr niea- 
lerating forces, or at leaft of their proportions, let thelures>n 
abfcifla a e g (fig. 13-) ^‘e fi'ne h k 0 again repre-f,,c^ <-a^e.s 
fent the time of a motion. But let the areas bounded ed?Theo-* 
by parallel ordinates now'reprefent the velocities, that rems of 
is, let the whole area mcreafe during the time a g at rn°fl'exten* 
the fame rate with the velocities of the motion alongflve ufe* 
the line AG. In this cafe the ordinates b i, c k, d l, 
&c. will be as the accelerations at the inftants b, c, d, 
&c. or in the points B, C, D, &c. 

This is demonftrated in the fame way as the former 
propofition (n° 72.). If the accelerating force be fup- 
pofed conftant during any two equal moments b c and 
f g, the rectangles b c p t and f 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 exprefied by the figure increafe fafter 
than the times during every moment, the force at the 
inftant c is to the force at the inftant f in a greater ra- 
tio than that of c p to f s ; but, for fimilar reafons, it 
is in a lels ratio than that of c y to fr; and therefore 
(as in the other propofition) the force at the inftant c 
is to the force at the inftant /as r ^ to/«. 

6V Becaufe cp is tofs in the ratio compounded 9U 
ot the direCt ratio of the reCtangle c p t b to the red- 
angle/j * g, and the inverfe ratio of the altitude b c to 
the altitude f g ; and becaufe thefe reCtangles 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 muft fay, that the 
accelerating forces (that is, their intenfities or pre/Tures 
producing acceleration) are diredly as the increments 
oj velocity, and inverfely as the increments of the times • 
Which propofition may be expreffied, in regard to two 
accelerations A and a, by this analogy : 

t • r 
3 X i Os* 
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Rftaking ^ ^ie proportional equation a l 
t F°>

C-. , b~ v, and j'a t = ‘i/. 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 ; becaufe neither the fpace nor the velocity in- 
creafes uniformly. 

See Kar- The theorem a === — is employed when we would 
row's Left. . ^. 
Ceometr. difcover the variation in the intenfity of fome natu- 
paflim. rai pOWCr. We obfer.ve the motion and reprefent it 

by a figure analogous to fig. 13. where the abfeifla're- 
prefents the times, and the area is, made to increafe at 
the fame rate with the (paces deferibed. Then the or- 
dinates will reprefent the velocities, or have the propor- 
tion of the velocities. Then we may draw a fecund 
curve, on the other fide of the fame abfeifia, fuch that 
the areas of this lalt curve fhall be proportioned to the 
ordinates of the firft. The ordinates of this lafi; curve 
are proportional to the accelerating forces. 

91. On the other hand, when we know from other cir- 
cumftances that a force, varying according to fome 
known law, adds on a body, we can determine its mo- 
tion. The iatenfity of the. force in every inilant 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. 

All thefe We mull now obferve, that all that has been 

rd^to* concerning the effe&s of accelerating forces con- 
thanges of tinuaUy v3rying> relates to changes of motion, indepen- 
veloeity; dent of what the abfoiute motions may be. The areas 
by which Qf the line whofe ordinates reprefent the velocities do 

htidicate^ not; neceffariiy reprefent the fpaces deferibed, but the 
the 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 reft when the for- 
jjowers. ces begjn to aft, thefe areas reprefent the very {paces 

that are pafled over, and the ordinates are the very ve- 
locities. In every cafe, however, the accelerations are 
the real increments of the velocities. 

This circumftance gives a great extenfion to our the- 
orems, and enables us to afeertain the difturbances 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 perfeftly con- 
formable to mechanical principles. It is in faft an ap- 
plication of the doftrine of the compofition of motion ; 
a doftrine rigidly demonftrated 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. 

No finite We may learn from this inveftigation of the value of 
ch.an?e °c

f
anan accelerating force, that no finite change of velocity is 

be produce ■ eftefted in an inftant by the aftion of an accelerating 
inaniniiantforce. When the fig. 13. is ufed for the fcale of acce- 
by ny c- lerations, and they are reprefented by the ordinates of 
telera i-g ^ 0f t^e Increment of velocity is reprefented 

by an area, that is, by a flip, of the whole area t which Of Accele- 
flip muft have fome altitude, or muft occupy fome por- rating and 
tion of the abfeiffa which reprefents time. Some por- 
tion of time, however final! it may be, muft elapfe be- > J-5' j 
fore any meafurable addition can be made to the velo- 
city. The velocity fnuft change continually. As no 
motion can be conceived as inftantaneous, becaufe this 
would be to conceive, that in one inftant the moving 
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 had all the intervening velocities. The 
inftant of change is at once the lail inftant of the pre- 
ceding velocity, and the'firft of the fucceeding, and 
therefore muft belong to both. This cannot be con- 
ceived, or is abfurd. As a body, in palling from one 
part of fpace to another, muft pafs in fucceffion through 
all the intermediate places ; fo, in palling from one ve- 
locity to another, it muft in fuccefiion have all the in- 
termediate velocities. It muft be continually accelera- 
ted ; we muft not fay gradually^ however fmall the 
fteps. 

But to return from this digrefilon ; ^ 
The moft frequent cafes which come under examina- More con- 

tion do not Ihew us the relation between the forces and ven*ent 
times, but the relation between the forces and’ fpaces. ^nfoterina 
Thus, when a piece of iron is in the neighbourhood of the addon 
a magnet, or a planet is confidered in the neighbour-of force#, 
hood of the fun, a force is afting on it in every pointanc* more 

of its path, and we have difeovered that the intenfity tretl“en!.1)r 

ot this force vanes in a certain proportion. Thus, atoview. 
fpring varies in its prelfure as it unbends ; gunpowder 
prefies lefs violently as it expands, &c, &c. 

Our knowledge is generally confined to fome fuch 
effeft 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 aftion of this force, let CD be fuppofed 
a very fmall portion of the fpace j, which we may ex- 
prefs by s'. Draw GK perpendicular to DH. Then, 
if we fuppofe that the force sifts with the unvaried in- 
tenlity CG through the whole fpace CD, the reftangle. 
CD KG will exprefs half of the increment of the fquars 
of the velocity (n° 85.). We may fuppofe that the 
force afts uniformly along the adjoining finall fpace 
Dr with the intenfity DH. The reftangle 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 fucceffion 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 / to exprefs the indetermined or va- 
riable intenfity of the accelerating force, and v to ex- 
prefs the variable velocity, and v its increment uniformr , 
ly acquired ; then the reftangle CDKG will be ex- 
preffed by f s'. We have feen that this is. equal to u i/. 
Therefore, in every cafe where we can tell the aggre- 
gate of all the quantities/ 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 was eonftant along each little fpace, and 

varied. 
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Of Aecele- varied by ftarts. Tbcn, by increafmg the number, and 
rating and dJrmmfhing the magnitude, of thofe little portions of 

^ForceT^ t^ie ^Pace without end, it is evident that we terminate 
_ in the exprefiion of the real ftate of the cafe, 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 s, or to the 

fymbol Jj s* ufed by the foreign mathematicians to ex- 
prefs this fluent, which they indeed conceive as an ag- 
gregate of fmall reftangles f s\ And we fee that this 
area exprefles half of the augmentation of the fquare of 
the velocity. Therefore, 

If the abfcijjd AE (fig. 16.) of a line FGI is tBepath 
along which a body is urged by any accelerating force, and 

, if the ordinates BF, CG, DH, Ifjc. are proportional to 
Principia* the forces a Bing on the points B, C, D, feV. the intercepted 
|, 29.) * areas'BOGF, BEIF, &c. 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 
beeri the original velocity. The aftion of the forces re- 
preferited 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 mull 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 7> 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 A“OE equal to the area BEIF, 
and AE is the fpaee 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 demonftrated 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 direCt ratio of thefe reCtangles 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 reCtangle CDKG, is to the bale El of the 
reCtangle EIMe 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- 
tion into geometry), the scale of velocities; and the 
line FHL (fig. 16.) was named by him the fcale of ac~ - 

’ ” celerations. Hermann, in his Phoronomia, Calls it the 
fcals offorces. We lhall retain this name, and we may 
call h k 0 o£ 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 conftruAed 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, &c. proportional 
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M I C S. 
to the forces aCting at B, D, E, F, &c. ; let/A* be ui Acceie* 
another line fo related to ABE, that C£ is to Er in radngand 
the inverfe fubduplicate ratio of the area BFGC to 
the area BFIE ; dr, to exprefs it more generally, ' ■ 
the fquares of the ordinates to the line fgi be inverfely, 
as the areas of the line 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 f g i. 

For let CD and E be two very fmall portions of 
the fpace defcribed 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 E< to the fquare 
of C^ (by conftruftion) ; 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 
Iquare 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 E*: 
but lirice E r : C^- rr CD : E e, we have E i X E e = 
Cg X CD, and the elementary rectangles C^iD and 
Ei me are equal, and may reprefent the equal moments 
of time in wrhich CD and E e were defcribed. Thus 
the areas of the line fg l will reprefent or exprefs the 
times of defcribing the' correfponding portions of the 
abfcilla. 

We may exprefs the nature of this fcale more briefly 
thus. Let BE be the fpace defcribed with any varied 
motion, and fgi a curve, fuch that its ordinates are in- 
verfely as the velocities in the different points of the 
abfciffa, then the area will be as the times of defcribing 
the correfponding portions of the abfciffa. 

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 aftion of the forces; P,icat|on of 
or the nature of the force ; and where we can affignn0 95- 
the value of the areas from our knowledge of the pro- 
portions of the ordinates or forces, we edn afce’rtairi the 
velocities of the motion. We flaall give an example or 
two, which will fhew the xtfay in which we avail bhr- 
felves of the geometrical properties of figure, in order 
to afeertain'the effeCfs of mechanical forces. 

1. Let the accelerating force which impels-the body 
along the line AB be conftant, and let the body be-- 
previoufly at reft- in- B the line which bounds the or- 
dinates that reprefent' the forces muft be fome Kmv 
¥> HN parallel to AB. The area BDH * is to the area 
BEM ? as the fquare of the velocity at D to the fquare 
of the velocity at E. Thefe areas, having equal bafts 
DH and EN, are as their altitudes ED and BE ; that 
is, the fpaces defcribed are as the fquares of the ac- 
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 

to its diftance from that point. This force may be re--pCful'ar 

prefented by the ordinates DA, EB, eb. See. to the^ce'^' 
flfaight 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 
eb he 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 arch pj—/F, and draw he parallel to HC } join 

^pret^ FC and DH’ and draW Fg PerPendicular to/^- Let 

* IML be another ordinate. 
The area DABE is to the area DAK.L 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 DA KL 
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 delcribed 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 adtion of the 

■initial force at A as i to ^2 ; for the redangle DA 
CH exprefles 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 */i 
and V/2, or as i to -v/2. 

Cor. 3. The time of deferibing AB is to the time 
of deferibing AC as the arch AF to the quadrant 
AFH. 

to*. For when the arch F/ is diminilhed continually, it 
is plain that the triangle //F is ultimately fimilar to 
CFB, by reafon of the equal angles Ci b (or CFB) 
and /iF, and the right angles CBF and/Fz; there- 
fore the triangles f g F and CBF are alfo fimilar. More- 
over, B <5 is equal to Fg,Ff is equal to h H, which is 
ultimately equal to c C ; therefore lince the triangles 
fgF and CFB are fimilar, we have FjEf : Ff ~ FB : 
FC, sr: FB : HC ; therefore F> b is to r 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, &c. are proportional to the 
times of deferibing AB, BK, KC, &c. 

Cor. 4. The time of deferibing AC with the une- 
qtally 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, f, M, H, &c. 
when the body is in B, b, 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 — Q c. Now 
if two bodies move uniformly with this velocity, one 
in 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 propoixtion is manifeft. 

C02, Cor. 5. If the body proceed in the line C ay and be 
retarded in the fame manner that it was accelerated 

m r c s. 
along AC, the time of deferibing AC uniformly with Of Accsle. 
the velocity which it acquires in C is to the time of min? an<l 
deferibing AC « with the varied motion, as the diame- 
ter of a circle to the circomfei'ence ; for becaufe the u— 
momentary retardations at K\ 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 AH a 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. Thex-e- 
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 
confider the areas bounded by tbefe ordinates as fub- 
traftive from the others. Thus the fquai'e of the velo- 
city at K' is expreffed by the w hole area DACK L'D, 
the part C'K'L being negative in refpedt of the point 
DAC. This obfervation is general (See alio Optics, 
n° 125, Envy cl.) 

Cor. 6. The time of moving along KC, the half of 
AC, by the uniform action 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 difiance from it, 
as the diameter of a circle to the circumference ; for 
when the body is uniformly impelled along KC by the 
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 AG 
uniformly with this velocity in the fame time that it is 
uniformly accelerated along KC. Therefore by Cor. 
j. the propofition is manifefi:. 

Cor. 7. if two bodies deferibe AC and KC by the 
action of forces which are every where proportional to 
the difiances 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 AC'2, KC2, 
and therefore the velocities are as AC, KC. The times 
of deferibing AC and KC uniformly, with velocities 
proportional to AC and KC, tmift be equal ; and thefe 
times are in the fame ratio (t/’z. that of radius to ^th 
of the circumference) to the times of deferibing AC 
and KC with the accelerated motion. Therefore, &c. 

Thus, by availing ourfelves of the properties of the 
circle, we have difeovered all the properties or charac- 
ters of a motion produced byr a force always direfted to 
a fixed point, and proportional to the diftance from it. 

Some of theie are remarkable, fuch as the laft corol- 
lary ; and they are all important ; for there are innume- 
rable cafes where this law of attion obtains in Nature» 
It is nearly the law of a&ion of a bow firing, arid of all 
elaftic bodies, when their change of figure during their 
mutual adfiion is moderate ; and it has been by the help 
of this propofition, firft demonflrated in a particular 
cafe by Lord Brouncker and Mr Huyghens, that wre 
have been able to obtain precife meafures of time, and 
confequently of adtual motions, and confequently of any 
of the mechanical powers of Nature. It is for this rea- 
fon, 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 
Ri orces'S hiftance, and if a be the diitance from the fixed point 
L . at which the body begins to be accelerated, and * its 

diilance from that point in any part of the motion, the 
velocity will be == Va"—xn. This is very plain, be- 
caiife tiie increment CGHD of the area of fig. 16. 
which is alfo the increment of the fquare of the veloci- 
ty, is == xn~~lx, and the area is == xn ; and the whole 
area, correfponding to the difiance a, is an. Therefore 
the portion of the area lying beyond the diftance x is 
an—xnt This is as the fquare of the velocity, and 
therefore the velocity is as the iquare root *</a11 — xn 

of this quantity. 
w , 

This propofition, y’ j == a; or y = —t, is the 
s 

39th of the firft book of Newton’s Principia, and is 
perhaps the moft important in the whole doftrine of dy- 
namics, whether employed for the inveftigation of forces 
or for the explanation of motions. It furnifiies the 
moil immediate data for both purpofes, but more efpe- 
cially for the laft. By its help Sir Ifaac Newton was 
able to point out the numerous diilurbances of the pla- 
netary motions, and to feparate them from each other ; 
thus unravelling, as it were, that moft intricate motion 
in which all are blended together. He has given a moft 
wonderful fpecimen of its application in his Lunar 
Theory. 

We now are able to explain all the puzzling fa£ls 
which were adduced by Leibnitz and his partifans in 
fuppori of their meafure of the ferces 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 fail will 
penetrate an earthen rampart to a quadruple depth, 
&c. &c. 

f.tnfervatio This theorem alfo gives a moft perfpicuous explanation 
virium vi. of the famous doftrine called confervatio virium ’vivarum. 
varum. When perfectly elaftie bodies a6l on each other, it is 

found that the fum of the maftes 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, ellirnated in one di- 
reftion, remains always the fame. They are obliged, 
however, to acknowledge, that in the adlions of perfett- 
ly hard bodies, there is always a lofs of vis viva, and 
therefore have denied the exiftence of fuch bodies- But 
there is the fame lofs in the mutual a&ions of all foft or 
ductile, or even imperfectly elaftic, bodies; and they 
are miferably puzzled how to explain the fadt ; but 
both the confervatio and the amijjio are neceffary confe- 
quences of this theorem. 

In the collifion of elaftic bodies, the. whole change of 
motion is produced during the Ihort time that the bo- 
dies are compreffed, 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 adlion 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- 
i'equently the fame area of fig. 17. expreffes the change 
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made on the fquare of the velocity of both bodies. Of'Acccle- 
Therefore, if V and U are the velocities before collifion, ^adng and 
and v and u the velocities after collifion, of the two bo- frorces. 
dies A and B, we muft have Ax V2—vz ~ BXk2—V2,—y—"—4 

and therefore A X V2 -f- B X U2 = A X d2 B X m1. 
But in the other clais 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 foremoft body has 
been accelerated along a fhorter fpace than that along 
which the other has been retarded. The mutual forces 
have, in every inftant, been equal and oppolite. There- 
fore the area which expreffes the diminution of the 
fquare of the velocity, mutt exceed the area expreffing 
the augmentation by a quantity that is always the fame 
when the permanent compreffion is the fame ; that is, 
when the relative motion is the fame. A X V2—v1 

muft exceed B X u‘—U2, and A X V2 -f- B X U2 muft 
exceed A X t2 -f- B X «2. 

This fame theorem is of the moft extenfive ufe in all 
practical quettions in mechanic arts; and without it 
mechanics can go no farther than the mere ftatement of 
equilibrium. 

Hermann, profciTor of mathematics at Pavia, one ofHift°ry 
the ornaments of the mathematical clafs of philofophers,ng ^ 18 

has given a pretty demonftration of this valuable propo- 
fition in the A cl a Eruditorum Lipfice for 1709; and 
fays, that having fearched the writings of the mathema- 
ticians with great care, he found himfelf warranted to 
fay, that Newton was the undoubted author, and boafts 
of his own as the firft fynthetical demonftration. The - * 
purpofe of this affertion 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 difpute between Maupertuis and 
Koenig about the claim to the difcovery of the principle 
of leafl atlion, letters of Leibnitz’s were found, requeft- 
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 dodlrine received a 
clear explanation by means of this propofition, in per- 
fedft conformity to the ufual meafure of moving forces. 
Newton bad difcovered this theorem long before the 
publication of the Principia, and even before the difco- 
very of the chief propofition of that book in 1666; 
for in his Optical Ledlures, the materials of which were 
in his pofiefiion in 1664, he makes frequent ufe of a 
propofition founded on this (fee n" 42.) We may 
here remark, that Hermann’s demonftration is, in every 
ftep, the fame with Dr Barrow’s demonftration of it as 
a theorem merely geometrical, without fpeakirig of mo- 
ving forces (fee LeEl. Geomelr. xi. p. 89. edit. 16 ), 
but giving it as an inftance of the transformation of 
curves, which he calls scales of velocity, of time, of 
acceleration, &c. It is very true that Barrow, in thefe 
mathematical ledlures, approached very near to both of 
Newton’s difcoveries, the fluxionary geometry, and the 
principles of dynamics ; and the junto on the continent, 
who were his continual detradlors, charge him with im- 
pudent plagiarifm from Dr Barrow, and even fay that 
he has added nothing to the difcoveries of his teachero. 
But furely Dr Barrow was the beft judge of this mat- 

tery 
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Of Accele. ter; and fo far from rcfenting the ufe which Newton 

RetafcW ^as ma^e what he had taught him, he was charmed 
Forces, with the genius of the juvenis fpcSati/Jtmus his fcholar, 

*»—~y~—~ 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 fome 
expreflions in thofe very ledlures, that Dr Barrow owed 
to young Newton the fir ft 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 Pbo- 
ronomia of Hermann, the Mechanica of Euler, the Dy- 
tiatnique of D'Alembert, and the Mecbanique Analytique 
of De la Grange, which are undoubtedly works of tran- 
feendent merit and utility, the Principia of Newton will 
ftill remain the moft plealing, perfpicuous, and elegant 
fpecimen of the application of mathematics to the fcience 
of univerfal mechanics, or what we call Dynamics. 

The two fundamental theorems f t ~ v, and f s 
vv, 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 fimplified by noticing two or 

T04 three general cafes which occur very frequently. 
Similar in- Phefe may be calledfmilar injlants of time, and Jim'tlar 
Hants 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 9th hour, are fimilar uiftants 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 ad fmilarly when their inten- 

tions,wliat If ties in fimilar injlants of time, or in fimilar points of 
[pace, 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. 

T06. If there be two lines EFGH (fig. 18.), efgh,{o re- 
lated to their abfeifles AD, ad, that the ordinates IK, 
i k, drawn from fimilar points I and i of the abfeiffes, 
are in the conftant ratio of AE to <7 e ; then the area 
ADHE is to the area a dh e as the re&angle of AD 
X AE to the redfangle adV. ae. 

For let each ablcifla 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 reftangles CGID, c gid. 
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 abfeifies AD and ad And 
becaufe C and c are fimilar points, CG is to f ^ as AE 
is to a e. Therefore CD X <ZG 1 c d Y. c g ~ AD 
AE : a d X a e. This is true of each pair of corre- 
fponding re&angles ; and therefore it is true of their 
fums. But when the number of thefe reftangles is in- 
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creafed, and their breadth diminifhed without end, it is0^ Aceelo- 
evident that the ult'imate ratio of the fum of all the reft- ratin£ 
angles, fuch as CDHG to the fum of all the reftangles Voices** 
c d h g, is the fame with that of the area ADHE to the 
area a d h e, and the propofition is manifeft. 

If two particles of matter are fitnilarly 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 a b c, and the forces by the ordi- 
nates AD, BE, CF, and a d, b e, e f. Then if B and 
b are fimilar inftants (fuppofe the middles) of the 
whole times, we have BE \ b e •zz AD : a d. There- 
fore, by the lemma, tlje area -\CDF is to <7 cy J as 
AC X AD to a c Y a d. 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 Y a d. 

Cor. (. 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, Jt0®a 

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 acfd 
are as the changes on the fquares of the velocities. But 
thefe areas are as AC X AD, and a c Y 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 flate of reft, are direftly 
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 Jlate of refl, the fquares of the times are 
proportional to the fpaces diredly, and to the forces in- 
verfely. 

Let ABC (fig. 19.) a b e he. the fpaces deferibed, 
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 khe curves whofe ordinates arc 
inverfely as the velocities at the correfponding points of 
the abfeifla. Thefe curves are therefore exponents of 
the times (n° 99 ) Then, becaufe the forces aft fimi- 
larly, we have, by the laft theorem, AC X AD : a c 
Y ad- V2, B : b, - h F : HB*. Therefore HB 
: h b zz ac Y ad '. */ ACXAD, and therefore in a 
conftant ratio. Call this the ratio of m to n. But, 
fince the ordinates of the lines GHK, ^ A h are inverfe- 
ly as the velocities, the areas are as the times (n° 99) ; 

/ » and 
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Of Acccle- and fincc thefe ordinates are in the conftant ratio of m 

Sding ^ the areas .are fn the ratio of AC X m to a c X n. 
Forces. Therefore (calling the times of the motions T and 

u—v— we have J 

T :/ — m \ Q \ n a c \ and therefore 
T2: = nr X AC2 : n2 X r2. But 
m1 : n2 — a c X. a d i AC X AD. Therefore 

\t2 =zacXadx AC': AC X AD X ar1, 
t* ~ ad X AC : AD Xac. 

AC a c 
AD ' a d' 

jl he attentive reader will obferve that thefe three 
Proportions give a great extenfion to the theorems 
which were formerly deduced from the nature of uni- 
formly accelerated motion, or of uniform aftion of the 
forces, and were afterwards demonftrated to obtain in 
ilie momentary adtion offerees any how variable. 

The tirft of the three propofitions, V : v — F X T : 
fXt, is the extenfion of the theorem fx t = v. The 
iecond, V2 : n2 = F X S : f X s, is the extenfion of the 
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theorem / X j =2 d v. And the third, T2 : =r ^ 

forces propagated to each atom of the impelled body, Of Accele 
V rating and and meafured by If we know that the impelled Retarding 

, , . Forces, noay contains the number m of atoms, the aggregate of—v—■—< 
r . v mv rorces is m — or  

/ / * 
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 «, by adting uni- 

formly during the fame time t, the force n — is equal to 

the force m ~ 

Sir Ifaac Newton found it abfolutely necelfary, in MoVing 
the difquifitions of natural philofophy, to keep this cir-f'jrce, mo* 
cumttance of acceleration clear of all notions of quanti-1^6 forcy» 
ty of matter, or other confiderations, and to contem-V1S

d^°tal, 

plate the affedtions of motion only. He therefore con-j.uiftied 

fidered ~as the true original meafure of accelerating lerating 
force. 

is the extenfion of/= _i_, or of / X (>2J =- s. Thefe 

theorems hold true of all fimilar adtions k, and only for 
this reafon, are true of uniformly accelerated motions, 
or uniform adtions. 

Aggregate There remains one thing more to be faid concerning- 

Muafacce 'Y a£t.ion of accelerating forces. Their magnitude is 
krating afc^t

J
aineji bT their effecT Therefore that is to be 

forces. coniidered as a double force which produces a double 
quantity of motion. Therefore when a body A eon- 
tains. twice the number of equal atoms of matter, and 
acquires the fame velocity from the adtion of the force 

> t iat another body a, containing half the number of 
atoms, acquires from the adtion of a force f, we con- 
ceive F to be double off. That this is a legitimate in- 
terence appears pearly from this, that we conceive the 
lenfible weight of a body, or that prelfure 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- 
..ion ° prefiure is brought about, we fee clearly that it 
relults from the equal accelerating force of gravity add- 
ing mrmediatiy on each atom. When this weight k 
thus employed to.move another bqdy by the interven- 
tion of the thread, which is attached to one point per* 
flaps of that body, it puts the whole into motion, gene- 
nitmg a certain velocity w in every atom, by adh'ng 
uniformly during the time / We conceive each atom 
to have fuftamed the adlion of an equal accelerating force, • 

whofe meafure is j. Without confidering how' this 

force is exerted on each atom, />r by what it is irhme- 
uiately exerted, or how it is diffufed through the body 
Horn the point to which the weight of the other body 
is applied by means of the thread ; we Hill confider it 
as the aggregate of the adion of gravity on each atom 
of that other body. Moreover, attending only to the 
motion produced by it, and perhaps not knowing the 
weight of the impelling body, we meafure it, as a mo- 
tng force, by confidering it as the aggregate of the 

SijpPL. Vol. I. Part II. 

force, and wz ^ as an aggregate. He therefore calls the 
a£>Sre/ate a vis matrix) 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 exprefling the accelera- 

ting force —. 

Hu's appellation of motive force is perfectly juft and 
fimple ; for we may conceive it as the fame with the 
accelerating force which produces the velocity m times-u 
in one particle, by ading on it uniformly during the 
time t. This motion of one particle having the velocity 
m v, is the fame with that of m particles haying each, 
the velocity v. 

If therefore a motive force / ads on a body con- 
lifting of m particles, the accelerating force a is 
^ fl 

m t ' 
'Therefore the three laft propofitions concerning the 

fimilar, the uniform, or the momentary adions of mo~ 
ving force*, when exprefled in,the moft general terms, 
are, • . 

A m t v' 

v? == , or vv 2= 
' m m 

* 
ms' 
j-i- ■ 

Of Deflecting Forces. 
When wc obferve the diredion of a body to change, 

we unavoidably infer the agency of a force which ads forces, 
m a diredion1 that does not coincide with that of the 
body’s motion ; and we may diftinguifh this circum- 
ftance by Calling it a deflecting force. We have 
already fhewn how to eftimate and meafure this de- 
fledting force, by confidering it as competent to the 

3 Y pro- 
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dynamics. 

if Deflea-produajon of that motion which, when compounded 
ing For.es.wit|1 the fovmev motion, will produce tne new motion 

(n° 44.) Now, ns all changes of motion are really 
compoiitions of motions or forces, it is evident that we 
fhall explain the aftion of defieding forces when we 
fhew this compofition. N . . , ,, , 

We may almoft venture to fay a prion, that all tle- 
fie&ions muft be continual, or exhibit curvilineal mo- 
tions : for as no finite velocity, or change of velocity, 
can be produced in an inftant by the a&ion 01 an ac- 
celerating force, no polygonal or angular defkaion can 
be produced ; becaufe this is the compofition ot a finite 
velocity produced in an inftant. Defleftive motions are 
all produced by the compofition of the former motion, 
having 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 fimpleft ca e 
of fuch accelerated motion, namely, an uniformly acce- 

t r 1 lerated motion. _ . a /c o ^ 
Example a body be moving in the direction AC (fig. ^o. ] 
Dctermina-wjth COnftant velocity, and when it comes to A, 

Slf let it be expofed to the aftion of an accelerating force, 
* ’ ading uniformly in any ether diredion AL. This 

alone would caufe the body to defevibe AE with a um- 
formlv accelerated motion, fo that the fpaces AJJ, Ail. 
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- 
feribes AD by the adion of the accelerating force, and 
AC the fpace which it would have defenbed uniformly 
while it deferibes AE by the adion of the accelerating 
force—nothing more is wanted for afeertainmg t re 
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 
of 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 fhe uniform motion in AC). This compofition is 
performed by taking the fimultaneous points B, D, 
and the fimultaneous points C, E, and completing tae 
parallelograms ABED, ACGE. The body will 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 P0”^3 

will be in a line AEG, fo related to AE that AD : 
AE = DF2 : EG2 ; or fo related to the original mo- 
tion AC, that AB2 : AC2 = BE : CG, &c. This 
line is therefore a parabola, of which AE is a diameter, 
DF and EG are ordinates, and which touches AC m 
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 
this path. 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 FG 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 projedion 
touches the path, and that the diredion in. every point 

ii3* 

is that of the tangent. To fuppofe that the curve, in O pC.e^ 
any portion of it, coincides with the tangent, is to fup- 0 — t 
pofe that the body is not defleded ; 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 defledion is not 
continual, but by ftarts—both of which are contrary to 
the conditions of the ca^fe. No ftraight line can be 
drawn between the diredion of the body and the fuc- 
ceeding portion of the path, otherwife we muft again 
fuppofe that the defledion is fubfultory, and the mo- 
tion angular. < ^ 

But while the inveftigation is fo eafy when the direc- 
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 muft learn, not only the intenfity of the defleding 
force, and the law of its variation, but alfo its diredion 
in every point of the curve. It is not eafy to find ge- 
neral rules for difeovering the diredion of the tranfverle 
force; moft commonly this is indicated by extnnfic cir- 
cumftances. The defleding force is frequently obfer- 
ved to refide in, or to accompany, fome other body. It 
may be prefumed, therefore, that it ads in the direc- 
tion of the line drawn to 01 from that body ; yet even 
this is uncertain. The mbft general rule for this invei- 
tio-ation is to obferve the place of the body at feveral 
intervals of time before and after its paffing through the 
point of the curve, where we are interefted 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 {hall 
perhans obferve thefe lines of jundion keep in parallel 
politions : we may be affured that the diredion of the 
tranfverfe force is the fame with that of any of thele 
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 pofi- 
tions on both fides of it gradually approximate. 

Bm all this is deftitute of the precifion reqmfite in 
philofophical difeuflion. We are indebted to Sir Ilaac 
Newton for a theorem which afeertains the diredion ot 
the tranfveffe force with all exadnefs, in the cafes in 
which we moft 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 his firft fteps. It therefore merits a very par- 
ticular treatment. 

If a body deferibes a curve line ABC, DEr (hg.Newtons 
21.) lying in one plane ; and if there be a point S fofun 
fituated in this plane that the line joining it with the

tor thedi- 
body deferibes areas ASB, ASC, ASD, &c. ploPor'ie6Uon of* 
tional to the times in which the body deferibes the jeileiiting 
arches AB, AC, AD, &c. the force which defleds the force, 
body from redilineal motion is continually direded to 
the fixed point S. 
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OfDefl^- Let us nrd fuppofe that the body defcribes the po- 
I'otcet. Jyg-on ABCDEF, See. formed of the chords AB, BC, 

v..DE, EF, See. of this curve: and (for greater 

fimplicity of argument) let us confider areas deferibed 
in equal fuccefiive times ; that is, let us fuppofe that 
the triangles A SB, BSC, CSD, &c, 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 tjjg body would have deferibed Be in the equal mo- 

ment fucceeding the firft : but it defcribes BC. The 
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- 
flefting force will be difeovered, both in refpett of di- 
re&ion and intenfity, by completing the parallelogram 
V>cCb. B3 is the fpace which the defleding 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 BSr, 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 B b coincides with BS, 
and the defle&ing force at B is direded toward S. 
By the fame argument, the defleding force at the 
angles D, E, F, &c. is direded to S. 

Now, let the fides of the polygon be diminilhed, and 
their number increafed without end. The demonftra- 
tion remains the fame; and continues, when the polygon 
finally coalefces with the curve, and the defiedion is 
continual. 

When areas are deferibed proportional to the times, 
equal areas are deferibed in equal times ; and therefore 
the defledion is always direded to S. E. D. 

The point S may, with great propriety of language, 
be called the Centre of Deflection, or the Cen- 
tre of Forces ; and forces which are thus continual- 
ly direded to one fixed point, may be diitinguifhed 
from other defleding forces by the name Central 
Forces. 

The line joining the centre of forces with the body, 
and which may be conceived as a ftiff line, carrying the 

Radiusvec-body round, is ufually named the Radius Vector. 
tor\ x, The couverfe of this propofition, viz. that if the de- 
Centralfor-fleai’ng forc.es be always direded to S, the motion is 
ces producePerf°rn'ied in one plane, in which S is fituated, and 
areas pro- areas are deferibed proportional to the times—is eafily 

the'eimes^d.ernonftrate(1 b>; reverfing the fteps of this demonftra- 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; 
and therefore SCB and SAB are equal, See. See. 

Velocity is *■ When a body defcribes areas round S pro- 
snverfely a-portional to the times, or when it is continually deflec- 
^Perpcn-ted toward S, or aded on by a tranfverfe force direded 

lcli <lr 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 diredions of the 
motion ; For fxnce the triangles ASB, ESF are equal, 

ixy. 
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their bafes AB, EF are inverfely as their altitudes Sr, Of Drfkdt- 
S/. But thefe bafes, being deferibed in equal times, big rorce». 
aie as the velocities ; and they ultimately coincide with v 

the tangents at A and E. 
Car. 2. If B a and F£ be drawn perpendicular to 

SA and SE, we have S A X B « = SE X F ^ and 
SA : SE rr F { : B « : For SA X B * is double of the 
triangle BSA, and SE X F f is double of the equal 
triangle SFE. * 

Cor. 3. The angular velocity round S, that is, the Angular 
magnitude of the angle deferibed in equal times by the veiocify 
radius vedor, is inverfely proportional to the fquare ofT^ a9 

the dill an ce from S. tor when the arches AB, EFof the Uf- 
aie diminilhed continually, the perpendiculars B a. andta!1« from 
F£ will ultimately coincide with arches dekribed roundthe ccntre 

S with the radii SB and SF. Now the magnitude Of
oi£otce‘* 

an angle is proportional to the length of the arch which 
meafures k diredly, and to the radius of the arch in- 
yerfely. In any circle, an arch of two inches long mea- 
sures 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 whole radius is twice as Ihort. There- 
fore, ultimately, the angle ASB is to the angle ESF 
as B « to F g and as SF to SB jointly ; that is, as B * 
X SF to F yX SB. But B ,F f = SE : SA (Cor. 
2.) Therefore ASB : ESF = SE X SF : SB X SA, 
=: ultimately SE2 : SB2. 

This corollary gives us an oftenfible mark, in many 
very important cafes, of the adion of a defledino- force 
being always direded to a fixed point. We arl often 
able to meafure the angular motion when we cannot 
meafure the real velocities. 

Having thus difeoyered the chief circumftances which Intimate * 
enable us to afeertam the diredion of the defledingconnedion 
force, we proceed to inveftigate the quantity of this dc- ^yna- 
fledive determination in the different points of a eurvi- 
lineal motjon This is a more difficult talk. The mo-geomS^ 
mentary effed of the defleding force is a fmall devia- 
tion from 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- 
m*ied 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 wnich he has made in geometry by his in- 
vention of fluxions. The purpofes he had in view fug- 
ge ted to his penetrating mind the means for attaining 
tnem 5 and the connedion 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 fuggefled the dynamical theo- 
rems to Newton? We have feen how the curvature of a 
parabola is produced by a force ading uniformly The 
momentary adion of all finite forces may be confidered 
as uniform ; and therefore the curvature will be that of 
fome portion of fome parabola; but it will be difficult to 
determine the precife degree without fome farther help 
We are beft 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 
10 much greater as its radius is fliorter ; for it will con curvature, 
tain fo many more degrees in the fame length; and 

3 ^ 2 therefore 
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Of Deflcdl therefore the change of Jlreaion of its extremities is fo 
ing Forces, greater. Curvatures may always be meafured 

v Jjy the length of the arch directly anti the radius in- 
verfely. 

Evolmion Suppofe a thread made faft at one end of a material 
and invoiu-curve ABCD (fig 22 ), ami applied to it in its whole 
turn of length. Taking hold of its extremity D, unfold it gra- 
CUrvef* dually from the curve DCBA ; the extremity D will 

defcribe another curve Y> cla. This geometrical ope- 
ration is called the Evolution of curves, and c b a 
is called the Evolute of DCBA, which is called the 
Involute of D c £ a. Perhaps this denomination has 
been given from the gcnefis of the area or furface con- 
tained by the two lines, which is folded up and unfold- 
ed fomewhat like a fan. When the deferring point is 
in t>, the thread b B is, undoubtedly, the momentary 
radius of a circle eby, whole 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. T. he fame line 
b perpendicular to the thread ^ B, touches the circle 
ebf and the curve T> b a in the point b. This circle 
e b f muft lie within the curve on the fide of £ B 
toward <2; 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 T) b a ix\ the point b. Moreover, becaufe every 
portion of the curve between b and D is deferibed with 
radii that are Ihorter than b B, it muft 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 Eoujcurve Circle, or the Circle of Curvature, 

EqukuTve andB is called the centre’ and.B^ the Ra?ius of 

circle. Curvature. It is eafy to perceive that no circle 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 1 of the radius b B. If 1 b 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 fides 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 lort of contadf was 
called Osculation. _ 

This view of the genefis of curve lines is of particu- 
lar ufe in dynamical difeuflions. It exhibits to the eye 
the perfedl famenefs of the momentary motion,, and 
therefore of the momentary deflection, 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 £ « in every point, they will interfetf 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 fhall produce the curve 
D £ a by evolution. See Evolution and Involution, 
Supplement. 

It is a matter worthy of remark, that the path of a 
body that is defttdled from reftilineal motion by a f- 

M I C S. 
nite force, varying according to any law whatever, may Of Defleift* 
always be deferibed by evolution. This includes almoftlnkr Forces- 
every cafe of the adftion of deflefling forces ; none be- v * 
ing excepted but when, by the oppofite aftion 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 defledfion in the arch of a 
circle. 

Had the motion reprefented in fig. 21. been poly- 
gonal, it is plain that the defledfing force in the point 
B is to that in the point E as the diagonal B of the 
parallelogram ABC£ to the diagonal Ei of the pa- 
rallelogram DEE/; therefore let ABCZY be a circle 
pafilng through the points A, B, and C, and let the 
radius vedlor BS cut the circumference in Z ; draw 
AZ, CZ, and the diagonal AC, which neceffarily bi- 
fedls and is bifedled by the diagonal B b. The tri- 
angles £BC and CBZ are fimilar ; for the angle C £ B 
is equal to the alternate angle AB £ or ABZ, which 
is equal to the ACZ, {landing 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 z‘ = 
DFxEF 

AZ Dz 
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 B £ : E i =: 
2BC1 . 2EF2 r _ . EF^ 
BZ : ~Tz ’ °r “ 4BZ ' 

Now BC and EF being deferibed in equal times, are .vieaftu-eof 
as the velocities: B £ and Ei are the meafures of thedefleding 
velocities which the deftedlive 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 directly, and in- 
verfely as thofe chords of the equicurve circles •which have 
the directions of the d/feclion. 

Obferve, that B £ or E i is the third proportional to 
half of the chord and the arch deferibed ; for B £ : BC 

= BC . 
2 

It is evident that as the arches AB, BC, conti- 
nually dimimih, AC is ultimately parallel to the tan- 
gent B r, and BO is equal to the aftual defledion from 
the tangent. The triangles BOC and AOZ are fimi- 

OC2 BC2 

lar, and BO ■= , or ultimately We may 
\J JL* LjZj 

meafure the' forces by the adlual defledions, becaufe 
they are the halves of the meafures of the generated 
velocities ; and we may fay that I20 
The atlual momentary defection from the tangent is a third Meafure of 

proportional to the defective chord of the equicurve cirr/e deflection. 
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 
moft 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 

a 
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OfDc.1e«fl a certain velocity. This is the meafure alfo which we 
ugr Force*, obtain by means of the differential or fiuxionary cal- 

culus ; but the other meafure mull be obtained wdien 
our immediate objedl is to mark the actual path of the 
body. What is now delivered coincides with what 
was more briefly flated in Astronomy, Sttppl. n° 16. 
and is repeated in this place, becaufe 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 defletting force : at the fame 
time the reader mult perceive that this meafure does 
not depend on the force being always direfted to one 
centre ; it is enough that the two fides of the polygon, 
in immediate fucceflion, are defcribed in equal times. 
This is neceffary in order that A13C b may be a paral- 
lelogram, and that the diagonals AC and B l may mu- 
tually bifeft each other. 

Thus have we obtained a meafure of defle&ing force, 
and, in the moll important cafes, a method of difeover- 
ing its diredlion. It only remains to point out the re- 
lation between the intenfxty 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 = or f J • 4 Chord J 

2 BC , 
— ^ defleftive velocity B 3 is acquired in 
the time that the body defcribes BC ; therefore the 
defledive velocity is to the velocity in the curve as B £ 
to BC. The velocity B 3 is acquired by an accelera- 
ted motion along BO ; for while, by progreffive mo- 
tion, the body defcribes BC, it defleds from the tan- 
gent through a fpace equal to the half of B b, becaufe 
the momentary adion of the defle£fing force may be 
confidered as uniform. The progreffive velocity BC 
may be generated by the fame force, uniformly ading 
through a fpace greater than BC ; call this (pace x. 
The fpaces along which a body mull be uniformly im- 
pelled in order to acquire different velocities, are as the 
fquHres of thofe velocities ; therefore B $ 2 : BC 2 — 
L o : x ; but B b : BC = BC : 4 BZ ; therefore B b*: 
EC 1 — B 3 : 4 BZ, and B ^ : 4 BZ ~ B o : x, and 
B b : B 0 = 4 BZ : x ; but B o is 4 of B b ; therefore 
X IS -g of 13^ tlicit IS, 

xii, The velocity in any point of a curvilineal path, is that 
which the defied mg forces in that point ivould generate in 
the body by impelling it uniformly along one fourth part of 
the defledive 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 be 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- 

m fills us in our invelligations. 
Compari- If a body defcribes a curve by the adion of a force 
fon of orbi always direded to a fixed point, and varying according to 

with dJred any Prf'Port'lnn ^atever of the difiances from that point, 
approach toany f another body, aded on by the fame centripetal 
the centre, force, move toward the centre in a firaight line, and if 

in any one cafe of equal difiances from the centre of force 
the two bodies have equal velocities, they will have equal 
velocities in every other cafe of equal difiances from the 
centre. 
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Let one body be impelled from A (fig. 2j.) toward Of Defledl- 
C along the llraight line AVDEC, and let another be*n8 Forces, 
defleded along the curve line VIK L About the cen-^ 
tre C defcribe concentric arches ID, KE, very near to 
each other, and cutting the curve in I and K, and the 
line AC in D 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, becaufe the centripetal forces are fuppofed to 
be the fame for both bodies when, they are at equal 
dIRances, the accelerating forces at D and I may be 
reprefented by the equal lines DE and IN ; but the 
force IN is not wholly employed in accelerating the 
body along the arch IK, but, ading tranfverfely, it is 
partly employed in incurvating the path. It is equi- 
valent to the two lorces 10 and IT, oi which only IT 
accelerates the body. Now IKN is a right-angled tri- 
angle, as is alfo the triangle INT ; and they 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 fpace IK is to the fpace DE ; therefore (n° 86.) 
the increment of the Iquare 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 confequently 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 
fmce this is the cafe in all the correfponding points of 
the line AC and the curve VIK, the velocities at all 
equal diRances from C will be equal. 

It it evident that the conclufion will be the fame, if 
the bodies, infleaa of being accelerated by approaching, 
the centre in the Rraight line AC, and in the curve 
VIK, are moving in the oppofite diredions from E to 
A, or Irom I to V, and are therefore retarded by the 
centripetal force. 

123 
Cor. Hence it follows, that if a body be projeded Retarded 

from any point, fuch as V, of the curve, in a line tend-curv.^*nea^ 
ing ftraight from the centre, with the velocity which it^Tc- ' 
had in that point of the curve, it would go to a diRancecompanied 
VA, luch, that if it were impelled along, AV by thebyreccls 

centripetal force, it would acquire its former velocity in^rprn 

the point V ; alfb in any point between V and A it
cemre" 

will have the lame velocity in its recefs from the centre 
that it has there in its approach to the centre. 

1 he line BLFG, whofe ordinates are as the intenfi- 
ties of the centripetal force in A, V, D, E, or in A, 

I, K, may be called the scale or exponent of 
force ; the areas bounded by the ordinates AB, VL, 
DF, 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 loR while the body retires from it. When 
we can compute thefe areas we obtain the velocities 
(fee n° 102.). 

We are now in a condition to folve the chief pro- 
blem in the fcience of dynamics, to which the whole of 
it is, in a great meafure, fubfervient. The problem is 
this,. 

Let a body be projeded 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, whofe direction, 
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 diftina claffes of 
conditions, which require dilferent inveftigation. 

1. The force may aft in one conftant direftion ; that 
is, in parallel lines. 

2. The force may be always direaed to a fixed 
point. 

It may be dire&ed to a point which is continually 
•changing its place. 

i. When the force a&s in parallel lines, the problem 
is folved by compounding the re&ilineal accelerated 
motion which the force would produce in its own direc- 
tion with the uniform motion which the proje<aion a- 
Jone would have produced. The motion mufl. be cur- 
vilineal, when the accele/rating force is tranfverfe, in 
any degree whatever, to the projectile motion ; and the 
curvilineal path mull be concave on that fide to which 
the deflecting force tends ; for the force is fuppofed to 
aft 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 afting 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 
fhall find by determining its place at other inftants 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 conilant velocity of projection to the velocity at F. 
We have feen already (no i i 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 d, cutting 
the line D A in d. Then the velocity at A is to that 
at F as AB to ^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 defleftions, 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 of heavy bodies. 

2 We muff confider the motions of bodies affeCted 
by centripetal or centrifugal forces, always tending to 
one fixed point. This is the celebrated inverfeproblem 
of centripetal forces, and is the gzd propofition of the 
•firft book of Newton’s Principia. We fhall give the 
•folution after the manner of its illuffrious author ; be- 
caufe it is elementary, in the pureft fenfe of the word, 

keeping in view the two leading circumftancea, and OF Defleft. 
theie only, namely, the motion of approach and recefs^S 
from the centre, and the motion of revolution. By ' 
this judicious procefs, it becomes a pattern by which 
more refined, and, in fome refpedb, better folutions 
fhould be modelled. At the fame time we fhall fupply 
fome fteps of the inveftigation 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 proje&ed from V in the direc- 
tion VQ , with the velocity which the centripetal force 
would generate in it by accelerating it along AV It 
is required to determine the path or orbit VIKI 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 diftances 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 £ and axy be 
two curves fo related to the curve VIK, that the ordi- 
nate DF cuts off an area V « i D equal to the orbital 
fe&or VCI, and an area V a x D equal to the circular 
fedkor VCX. 

Then, becaufe the velocity of proje&ion is given, 
the diftance V t is known, and the area of the triangle 
VC /. But this is equal to the area VCI, by the laws 
of central forces (n° 115.). Therefore the area ValD 
is given. Alfo, becaufe the area VCI increafes in the 
proportion of the time, the area V a / D increafes at the 
fame rate. Therefore having thefe fubfidiary curves 
<j i i, axy, the problem is folved as follows : 

Draw an ordinate D i, 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 fedkor VCX, equal 
to the area V a * D cut oft by the ordinate D / x. This 
line will cut the circle DR in the 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 i and a xy, 
into which the lines VIK and VXY are transformed. 
We attain this conftrudkion by refolving the motion in 
the arch of the orbit into two motions, one of which 
is in the difedkion of the tranfverfe force, or of the ra- 
dius Vedkor, and the other is in the diredkion 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. 

IC X KN 
The element ICK of the orbit is = —^ , or 

to 4 IC X KN. This is equal to the element D i i E 
of the area V a i D, or to D i X DE, or to D i X IN. 
Therefore IN : KN = 4 IC : D i, or 2 IN : KN = 

_ . IC X KN 
IC : D and D 1 ~  Tkt—• 2 IN 

Now let A ^ be the exponent of the velocities, 
that 
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<0f Defleft-that is {no 86.), let V Z1 be to D f* as ABLY to 
ingforce?. ABFDt of V /: D /~ rr ,/ABLV ; a/ABFD. Make 

V v and I i in the tangents refpeftively equal to V / 
and D f. Draw v u and i o perpendicular to VC and 
IC, and v m perpendicular to LV produced. Let 
ni v z, be an equilateral hyperbola, having VC, ZC, for 
its aflymptotes, and cutting FD produced in r. Then 
the ordinates V m, D r, are inverfely proportional to 
CV, CD, or V ot : D r =r CD : CV, = Cl : CV. But 
becaufe the momentary fedtors VC 4 and ICK are equal, 
k n : KN = Cl : CV. Therefore, 

V ot : D r — Z n : KN 
but V v :Vm = V k : & n 
and I i (or D/) : V v = IK : V i 
therefore I z : D r = IK ; KN 
but I z : / 0 := IK : KN, by fim. triang. 

Therefore D r r= i o, and i o : V m — VC : Cl. 
Alfo, by fimilarity of triangles, \ o : i o =. IN : KN, 

and 2 I 0 : z o 2 IN : KN. 
Now it was fhewn, that in order that the fpace 

D z Z E may be equal to the fpace ICK, we muft have 
2 IN : KN = IC : D i 

or 2 I o : z o = IC : D z 
but i o :V m — VC : IC 
therefore 2 I o : V z?z =: VC : D i 
^ . VC XV m 
D z = and 2 I 

Having obtained D z', we eafily get D x ; for the ul- 
timate ratio of ICK to XCY is that of 1C1 to VC1. 
Therefore make 

1C1 : VC2 = D z' : D *. 
Thus are the points of the two fubfidiary curves 

ai&, axy, determined. 
The re&angle VC X V z« 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 o2 is 
= I f’—z’ 02= D/2— D ;-2, and I o = v' D?*—Dr2. 

VC2 X V zz?2 

Moreover, D/2 = ABFD, and D r1 — IC2 

Therefore 2 I 0 = V 
ABFD VC2 X V 

IC2 

prefled in known quantities, becaufe ABFD is known 
from the nature of the centripetel force. 

Let the indeterminate diitance Cl or CD be r= 
and let the ordinate DF, expreillng the force, be y. Let 
VC be zz, and V m be 0, and leta £ be a reftangle equal 
to the whole area of the exponent of force lying be- 
tween the ordinate AB and the ordinate CZ, fo that 

a b —J'y x may reprefent the indeterminate area 
ABFD. 

We have D 1 

and D * 

a c 

VJ ab-fy i -T 

Remark. We have hitherto fuppofed that the ve- 
locity of projeffion is acquired by acceleration along 
AV. But this.was merely for greater fimplicity of arr 
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gument, and that the final values of D i and D x might Of Defied, 
be eafier conceived. In whatever way the velocity is f°rces* 
acquired, it will ftill be true, that when in any point V v r 

we make V / to V as the momentary increment V & 
of the arch is to the perpendicular Je n on the radius vec- 
tor, we fhall have in every other point, fuch 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/ will ftill 
be exprefted by a b —y'^ 

Cor. l. The angle which the path of the projeftile 126. 
makes with the radius vedlor is determined by this fo- 
lution ; for I i is to z' 0 as radius to the fine of this 

angle ; which fine is therefore == x *</ a b • ~fy x. 
€1 C 

Cor. 2. When the magnitude is equal to 

*</a l — fy Xy the path is perpendicular to the radius vec-Apfide/de. 
tor, and the body is a tone of the apfides of its orbit, and terrnine<I i 
begins to recede from the centre after having approach- 
ed to it, or begins to approach after having receded. iag 

Cor. 3. The curvature of the orbit VIK is alfo de-And cum.- 
tcrmined 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 z. 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 defie&ive chord of the equicurve circle, 

t ^ , ABFD ^ we have this chord =: 4 “pyjg—’ Oi' vve obtain it by 

taking a third proportional to the momentary deflexion 
and the momentary arch of the curve, or by other pro- 
celfes of the higher geometry, all proceeding on the 
quantities furnifhed in this inveftigation. 

Such is the foiution of this celebrated problem given Newmnthe. 
by Sir Ifaac Newton, who may juftly 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- 
fccuted. 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 foiution may be, was peculiar; and the fame 
muft be faid of Mr Huygbens’s do&rine of centrifugal 
forces. Befides, thcfe theorems had been inveftigated. 
by Newton feveral years before, ft a matbefi facem pre- 

ferente, as corollaries which he could not pafs tnmoticed,, 
from his general method. This is proved by letters , 
from Huyghens. Newton’s inveftigation is extremely, 
but elegantly, concife, and is one of the heft exertions 
of Iris fagacious mind. 

Whether we confider this problem as a piece of mere 
mathematical fpeculation, or attend to its confequences,this pro- 
which include the whole of the celeftial motions in allhlem. 
their extent and complication, we muft 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 Philofophy in 1686, than it occupied the. talents 
of the mo ft eminent mathematicians ; and many folu- 
tions were publifhed, fome of which differ confiderably 
from Newton’s ; fome are more expeditious, and better 
fitted.for computation. Of thefe, the moft remarkable 
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Of Deficit- for originality and ingenuity are thofe of de Moivre, 
ing Forces. Hermann, Keill, and Stewart. The laft differs moil 
* v from the methods purfued by others. M‘Laurin’s pro- 

pofitions on this fubjeft, and in that part of his fluxions 
which treats of curvature, are highly valuable, claffing 
the chief affe&ions of curvilineal motions geometrical- 
ly, as they are fuggelted by the fluxionary method ; 
and then {hewing, in a very inftrudtive manner, the con- 
nexion between thefe mathematical affedions 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 fubftituted for acceleration, re- 
tardation, or defieBion. 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 Rochefter) have given particular 
treatifes on the motions of bodies defleXed by centripe- 
tal forces inverfely proportional to the cubes of the dif- 
tances ; induced by the Angular motions which refult 
from this law of aXion, and the multitude of beautiful 
propofitions which they fuggelt to the mathematician. 
Newton, indeed, firft perceived both of thefe peculiari- 
ties, and has begun this branch of the general problem. 
He firfl demonflrated the defcription of the logarithmic 
and hyperbolic fpirals, and indicated a variety of curi- 
ous recurring elliptical fpirals, which would be defcri- 
bed by means of this force, and (hewing that they are 
all fufceptible of accurate quadrature. Several of thofe 
authors alfeX to confider their folutions as more per- 
feX than Newton’s, and as more immediately indica- 
ting the remarkable properties of fueh motions; and alio 
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 (tep of* 
their procefs. But Newton’s is flill the beft ; becaufe it 
is ftriXly elementary, aiming at the two leading cir- 
cumftances, the motion to or from the centre, and the 
motion of revolution round that centre. To thefe two 
purpofes he adapted his two fubildiary curves. This 
procedure became Newton, pater, eti rerum inventor, 
who was teaching the world, and who might fay, 

/[■■via Pieridum peragro loca, nullius ante 
Trita pede  
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Is it not furprifing, that 25 years after the publica- 
tion of Newton’s Principia, a mathematician on the 
continent fhould publifh a folution in the Memoirs of 
the French academy, and boafl that he had given the 
firfl demonftration of it ? Yet John Bernoulli did this 
in 1710. Is it not more remarkable that this fhould 
be precifely the folution given by Newton, beginning 
from the fame theorem, the 40th I. Prin. following 
Newton in every ftep, and ufing the fame fubfidiary 
lines ? Yet fo it is. Bernoulli aXually reduces the whole 

a c 
to twro funXions; namely, 

ah — f5 .v 

M I C S. 

and 
^a b x* — J' f ^ C* x* 

Of Defied } which lait iSing Forces, 

Q X CX’ 
plainly the fame w'ith Newton’s —7^- -——— 
^ } A VABDF — Z* i 

tJ . ap 
becaufe Newton’s-x^is the fame with 1—,and Newton’s .A. x 

ABFD — is the fame with xx J-b-j, * 

 cP cl 

-—r—, which Bernoulli has changed (apparently to hide AT     - 

the borrowing) into a b x* —J? x* m — a2 c2 x2. 

This publication of Bernoulli is perhaps the moft 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 fimple and fupremely elegant method of New ton. 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 afleXs to (hew-, that all Newton’s 
brighteft difeoveries, fuch as the proportionality of the 
areas and times, &c. flow as corollaries from his proce- 
dure. 

Bernoulli’s chief boaft in this difiertation is, that now 
philofophers may be allured that the planets will always 
deferibe conic feXions; a truth of which they had not 
as yet received any proof: becaule, 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 demonftration of the 41ft and q2d pro- 
pofition to the particular cafe of the planetary gravita- 
tion. Two aflertions that border on infolence. New- 
ton’s demonftration in the corollary of the 13th propo- 
fition is juft, founded on the principle on which the very 
demonftration of the qad’, adopted by Bernoulli, pro- 
ceeds, and without which that demonftration is of no 
force; namely, that a body in given circumftances 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 
42ft propofition to the planetary motions, becaufe he had 
already demonllrated the nature of their orbits; but 
mentions the cafe of a force proportional to the recipro- 
cal of the cubes of the diltance ; not as a deduXion from 
the 42d, but becahfe it was not a deduXion from it, and 
admitted a very lingular and beautiful inveftigation by 
methods totally and eflentially different. 

Bernoulli alfo fays, that Newton’s folution does not 
give us the notion of a continuous path, as his own does, 
but only informs us how to afeertain points of this path. 
This is the boldeft 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 firft propofition. But New- 
ton’s fluxionary geometry, of which the calculus exhibits 
only elements (being the fame with, the differential), 

fuppofes x- 
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Confclufion.fuppofes the continuity of all magnitudes ; and when 

-v applied to dynamics, is no fubftitution whatever, but 
the ipfa corpora. This geometry offered itfelf to the 
mind of Newton, the accompliflied and darling fcholar 
of Barrow, whofe geometry flafhed on Newton’s mind 
as the torch which was to fhew him the fteps of this 
yet untrodden path. * 

We truft that our readers will not be difpleafed with 
our repeated endeavours to defend our great philofo- 
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 inftrudtor 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, fince 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 dodtrine of 
elallic undulations, and grofs mifrepreientations of his 
notions of an etherial fluid, have pretended to fuppprt 
a fyftem of materialifm ; and thus have fet Newton at 
the head of the atheiftical fedf, which he held in abhor- 
rence. For our part, we always think with pleafure on 
the wonderful energy of that great mind j becaufe it gives 
us a foretafte 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 pall j 

Conchifion. r ^ cannot be expe&ed that, in the narrow limits pre- frrihpH n ixrnvk 11 Ir«    1 . 1 

XJtque in hoc infelici campo, 
Ubi ludus regnat, et pavor, 

Mortalibus prorfus non abfit folatium. 
Hujus etiim fcripta evolvas, 

Mentemque tantarum rerum capacem 
Corpori caduco fuperjlitem credas. 

   — 
Reafons for But we mull: conclude the article with this great 

fcribed to a work like ours, we can proceed to conlider 
the various departments of this celebrated problem. 
We are only giving the outlines of the general dodlrines 
of dynamics ; and we have beftowed more time on thofe 
which are purely elementary than fome readers may 
think they deferve. We w'ere 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 faience, and becaufe we fee 
much indiftinftnefs and uncertainty, and a general vague- 
nefs or want of preciiion, in feveral elementary works 
which are put into the hands of perfons entering on the 
ftudy. This leads to errors of more confequence than 
a perfon is apt to think; becaufe they affedt our lead- 
ing thoughts of mechanifm itfelf, and our notions of 
the intimate nature of the vilible univerfe. 

emiffions. problem. Many very general doftrines of dynamics re- 
main untouched,; all, namely, that relate to the rotative 
mou'on of rigid bodies, and all that relate to the mutual 
aAion of bodies on each other in the way of impulfe. 

1 he rotative motions, with the dodlrine of mechanic 
momenta, have been confidered at large in the article 
Rotation of the Encycl. Britan. ; and we propofe to 
offer fome important confiderations on the fame fubjeft 
in our fupplement to the articles Machine and Me- 
chanics. In the article Impulsion will be confidered 
fuch doArines as are truly general, and independent of 
the fpecific differences of the bodies. Dynamics pro- 
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feffes to involve no notions but thofe of force, and its Concluflon, 
marks and meafures. 

Notwithftanding thefe great omifllons, we muft ob- 
ferve that no new principle remains to be confidered. 
We have given all that are neceflary ; and there is no 
queftion that occurs in the cafes omitted, which cannot be 
completely anfwered bymeans of the propofitions already 
eftablifhed. We have taught how to difcover the ex- ‘ 
iftence and agency of a mechanical force, to meafure and 
charaAerile it, and then to ftate what.will be its various 
effeAs, according to the circumftances of the cafe, 

Proceeding by thefe principles, men have difcovered 
an univerfal faA, that every action of one body on ano- rcation h a 
ther is accompanied by an equal reaction of that °'!, Atrial16 

ther on the firft, in the oppolite direAion ; that is, to 
exprefs it in the language of dynamics, “ all the pheno- 
mena which make us infer that the body A poffefies a 
force by. which it changes the motion of the body B, 
fhew, at the fame time, that B poffeffes a force by 
which it makes an equal and oppolite alteration in the 
motion of A.” This, however, is not 3 doArine of ah- 
ftraA dynamics ; it does not flow from our idea of 
force ; therefore it was not included in our lift of the 
Laws of Motion. It is a part of the mechanical 
hiftory of nature, juft as the law of univerfal gravitation 
is ; and it might be called the law of Universal Re- 
action. Sir Ifaac Newton has, i'n'our humble appre- 
henlion, deviated from his accuftomed logical accuracy, 
when he admits, as a third axiom or law of motion, 
that reaAion is always equal and contrary to aAion. It 
is a phyfical law, 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 fubfequent part of his noble 
work, treat it as a logical axiom ; that is, as a law of 
human thought with refpeA to motion : for he labours 
with much fohcitude, and with equal fagacity, to prove, 
by fad and obfervation, that it really obtains through 
the whole extent of the folar fyftem ; and it is in this 
difcovery that his chief claim to unequalled penetration 
and difeernment appears. 

Availing oudelves of this faA, we, with very little jmpUYfion 
mble, ftate all the laws of imnulfion. The horW A. pvni^n^A trouble, ftate all the laws of impulfion. The body A, explained 

for example, moving to the weft ward at the rateof^ykj 
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 aAion and re- 
aAion ? Their motions muft be fuch that both fuftain 
equal and oppolite changes. They muft give, in fome 
way or other, this indication of poffefling equal and op- 
polite forces. This will be the cafe if, when the chan- 
ges are completed, A and B move on in contaA at the 
rate of four feet per minute : for here A has produced 
in each half of B a change of motion two ; and there- 
fore a totality of change equal to four. This is the 
efteA, 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 direAion. This is the effeA, mark, and 
meafure, of the repulftve force of A; for it is the whole 
repulfion. And this is all that we obferve in the colli- 
fton of two lumps of clay ; and the obfervation is one 
of the faAs on which the reality of the phyfical law of 
equal aAion and reaAion is founded i and we can make 
no farther inference from this faA. 

3 2 But 
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Conclufion. 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 
fenfible repulfion may be fulfilled, A muft come to reft, 
and B muft move forward at the rate of four feet per 
minute. The fame thing muft happen in the meeting 
of perfe&ly elaftic bodies, fuch as billiard balls. If 
elafticities are known to be imperfeft in any degree, our 
dynamical principles will {till ftate the effedl of their 

,36 collifion, in conformity to the law of equal readtion.. 
And rota- In like manner, all the motions of rotation are explain- 
«ion. eg or predidted 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 attradfion of a 
magnet adts 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 adl on it at all: fome other force 
adts on it ; it is its cohefion ; which is therefore a mo- 
ving force, and the fubjedt of dynamical difcufiion. 

3,7. And thus it appears that thefe fubjedts do not come 
neceflarily, 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 dodtrines as involve no other notions 
but thofe of force and its meafures, and the hypothefis 
of equal readtion. Some very general, nay univerfal, 
confequences of this combination might be eftablifhed, 
which would greatly aflift 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 molt difficult and the moft frequent 
cafes of adlion 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 intelledfual con- 
futation, or our opportunities of obfervation, are com- 
pletely changed. 

138. Mr D’Alembert has made this principle ftlll more 
ferviceable for extricating ourfelves from the immenfe 
complication of adtions that occurs in all the fpontane- 
ous phenomena of nature, by prefenting it to us in a 
different form, which more diftindlly expreffes what 
may be called the elements of the adlions of bodies on 
each other. His propofition is as follows {fee his Dy- 
namique, page 73.) : 

D’Alerr:- “ In whatever manner a number of bodies change 
bert’sgene-their motions, if we fuppofe that the motion which 

fd'” each body would have in the following moment, if it 
inics. ^ J >vere perfedfly free, is decompofed into two others, one 

of which i's the motion which it really takes in confe- 
qfjence of their mutual adlions, 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 conftituent motions could not be 

M I C S. 
thofe which the bodies really take by the mutual adlion, Conclufion, 
but would be changed by the firft. —y—^ 

For example, let there be three bodies P, Qj R, and 
let the forces A, B, C, adt on them, fuch as would give 
them the velocities p, q, r, in any diredtions what- 
ever, producing the momenta, or quantities of motion, 
PX/> QX?» 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 ftriking each 
other, or by being any how conne'dted 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 a, which it really takes, 
and of another motion a. In like manner, B may be 
refolved into b, which it takes, and another ft; and C 
into c and *. The motions will be the fame, whether 
we adt on P with the force A, or with the two forces 
a and * ; whether we adt on Q^with the force B, or 
with b and 3 ; and on R with the force C, or with c 
and x. Now by the fuppofition, the bodies adtually 
take the motions a, b, and c ; therefore the motions «, 
/3, and x, muft; be fuch as will not derange the motions 
a, b, and c ; that is to fay, that if the bodies had only 
the motions 3, and x, impreffed on them, they wouid 
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 adtions 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 whofe effedts we are 
interefted to difcover, we obtain the motions which 
really follow the mutual adtion of the bodies. 

This is not, properly fpeaking, a principle : it is a 
form in which a general fadt may be conceived. In 
the fame way the celebrated mathematician De la 
Grange obferved, that a fyftem of bodies afting 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 their adlion or connedlion; and he exprefles this uni- 
verfal fadt by a very Ample 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 Analylique, full of the moft ingenious and elegant 
folutions of very interefting and difficult problems ; and 
all this without drawdng a line or figure, but accom- 
plifhing the whole by algebraic operations. 

But this is not teaching mechanical philofophy ; it is 13?.- 
merely employing the reader in algebraic operations* 
each of which he perfedtly underftands in its quality of 
an algebraic or arithmetical operation, and where he 
may have the fulleft convidtion 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, diftindt or indiftindl, of the things, or the pro- 
ceffes of reafoning 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 fhillings and pence, calculates the 
compound intereft, reverfionary values, &c. 

It 
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Conclufion. It were well if this were all, although it greatly di* 

—v miniflies the pleafure which an accompliflied mathema- 
P^-^tician might receive ; but this total abfence of ideas ex- 
fyrnWical Pofes ev.en tlie raofl: eminent analyft to frequent rifles of 
method. paralogifm and phyfical abfurdity. Euler, wlio was 

perhaps the moft expert algebraiil of the laft century, 
making ufe of the Newtonian theorem for afcertainii^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 fliorter axis was 
diminifhed till it vaniftied 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 that this is fomewhat wonderful, and feems in* 
confiftent with found reafon : “fed analyfi magis fden- 
durn ” It mud be fo. And he goes on to another 
problem. 

In like manner Mr Maupertuis, an accompliflied man 
and good philofopher and geometer, finding the fym- 
bol MVS, or the quantity of matter, multiplied by the 
velocity and by the diflance run over during the ac- 
tion, always prefent itfelf to him as a mathematical mi- 
nimum in the actions 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, he thought of trying 
whether it would affift him in accounting for the con- 
ftant ratio of the fines of incidence and refraction ; he 
found that it gave an immediate and very neat folution. 
This problem had, before his time, occupied the minds 
°t Cartes and Fermat. Each of thele gentlemen 
folved the problem by faying, that the light did not 
take the fiortejl 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 
eafieft way, the courfe that economifed the labour of 
nature ? One of thefe gentlemen proved it to be fo, if 
light move fatter in air than in water; the other pro* 
ved it to be fo, if light move fatter 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 watte—it wasMVS! There- 
fore MVS can mean nothing but labour ; nothing but 
natural exertion, mechanical adtion ; therefore MVS is 
the proper meafure of adtion. He kept this great dif- 
covery a profound fecret ; and, being Prefident of the 
Royal Academy of Berlin, he propofed for the annual 
piize quefhon, (( Are the laws of motion necetfary or 
contingent truths V* He could not compete for the 
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prize, by the laws of the Academy j but before the Conclufion. 
time o 1 decilion, he publiflied at Paris \\\§ Jdijfertation on ' ■■“■■"v •",i J 

tne Principle of the leaf Atdion; in which he pointed out 
the Angular fadt of MVS being always a minimum; and 
therefore, in fadt, the objedt of nature’s economical care. 
He folved a number of problems by making the mini- 

mum {late of a condition of the problems; and, 

to crown the whole, {hewed that the laws of motion 
which obtain in the univerfe could not be but what 
Huy sre, becaufe this economy was worthy of infinite 
wiidom ; and therefore any other laws were impoffible. 
The reputation of Maupertuis was already eftabliflied 
as a good mathematician and a worthy and amiable 
man, and he was a favourite of Frederic. The princi- 
ple of lead adtion became a mode ; and it drew atten- 
tion for fome time, till it went out of fafltion. It is 
no mechanical principle, but a neceffary mathematical 
truth, as any perfon muft fee who recolkas that v is 
the fame vvitn j, and thaty'is the fame with m v. 

To avoid fuch paralogifms and fuch whims, we are Great ad- 
convmced that it is prudent to deviate as little as pof-vamages of 
fible in our difeuffions from the geometrical method. th.e £eonie- 
Ihis has lurely the advantage of keeping the real fub-q?^1 me‘ 
jedl of difeufiion clofe in view ; for motion includes the 
notion of lines, with all their qualities of magnitude 
and pofition. It is needlefs to take a reprefentative 
when the original itfelf is in our hands, and affords a 
much more comprchenfible objea than one of its ab- 
flxadl qualities, mere magnitude. Let any perfon can- 
didly compare the lunar theory by Mayer or Euler 
with that by its illuftrious inventor Sir Ifaac Newton, 
and fay which of the two is moft luminous and moft 
pleafing to the mind. No perfon will deny that thefe 
later performances are incomparably more adapted to 
all practical purpofes, and lead to corrections which it 
would be extremely difficult and tedious to inveftigatc 
geometrically ; but it muft be acknowledged, at the 
fame time, that till this be done, we have no idea what- 
ever of the deviation of the track which this correftion 
ascertains from the path which the moon would follow 
independent of the difturbance expreffed by the cor! 
region. In like manner, Dan. Bernoulli, by mixing as 
much as poffible the linear method with the algebraic, 
in his differtations on mufical chords, made the beauti! 
ful difeovery of the fecondary trochoids, and demon- 
ftrated the co-exiftence of the harmonic founds in a full 
mufical note. Let the act%mpli{hed mathematician pulh 
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 ftudent may have light to 
diredt his fteps. But,—e tabula. 

%nano- 
meter. 
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DYNANOMETER, an inftrument for afeertaining 

the relative mufcular ftrength of men and other animals. 
I hat it would be definable to know our relative ftrengths 
at the different periods of life, and in different ftates 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 
1 dative ftrength of horfes or oxen intended for the 

D Y N 
plough or the waggon. Such an inftrument was invent- Dynano- 
ed, many years ago, by Graham, and improved by De roster-. 
faguhers; but being conftrucled 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- 
ftnnfted^a much more convenient Dynanometer than 
Graham s, confiftmg of a metal tube, 10 or 12 inches 

3 ^ 2 in 
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J’olytech 
nique, V. 2. 

in length, placed vertically on a foot like that of a can- 
dleitick, and containing in the mfide a fpnal ipnng, 
having above it a graduated (hank terminating in a 
o-lobe. This {hank, together with the fprmg, funk into 
the tube in proportion to the weight afting upon it, 
and thus pointed in degrees the ftrength of the perfon 
who preffed on the ball with his hand. . 

This was a very firople conftrudlion, and, we think, 
a good one; but it did not fatisfy Buffon and Gueneau. 
Thefe two philofophers wiihed not merely to afcertain 
the mufcular force of a finger or a hand, but to efti- 
mate that of each limb feparately, and of ail the parts 
cf the body. They therefore employed M. Regmer 
to contrive a new dynanometer; and the account which 

* Journal he gives * of his attempts to fulfil their wifhes is calcu- 
de l'Ecole Iated to enhance the difficulty of the enterpnze. The 

inflrument, however, which he conilru&ed, is not fuch 
as appears to us to have required any uncommon {kill 
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. 
This fpring is compofed of the beft {feel well welded 
and tempered, and afterwards fubjefted 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 elafti- 
city by ufe. - 

The effeas of this machine are eafily explained. It 
a perfon compreffes the fpring with his hands, or draws 
it out lengthwise by pulling the two extremities in con- 
trary direftions, the fides 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. Flyfentery. 
But as any mechanic may devife means for this purpofe, ' 
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 Medicine-/«^.v, Encych — 
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 beft 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 neceflary, repeat the dole once in fix or 
eight hours. Confiderable evacuations I conceive (fays 
l)r Parkins) to be not only unneceffary, but injurious, 
as they ferve to debilitate and prolong the difeafe. A 
tea of plantain, or fome other cooling iimple drink, may 
be ufeful; and if a thirft 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 diredfed.—1 he firo- 
plicity of this treatment renders it the more valuable, 
as all perfons have it in their power to avail themfelves. 
of its ufe. 

Dr Perkins fays, that he has found it ufeful in agues* 
diarrhoeas, and the yellow fever. 

E. 

R 

Earth. See CHEMisTRY-/«J(fx in 
E A 

EARTH, in chemiftry. 
this Supplement. 

Earth, in attronomy 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 lull length 
in Part II. of the Tranfaftions of the Royal Society 
©f London for 1798. They were projeAed 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- 
vendiftn The apparatus contrived for making fenfible 
the attra&ion of imall quantities of matter, and which 
has, been improved by Mr Cavendilh, is very fnnple: it 

EAR 
confifts of a wooden arm 6 feet long, fufpended by the 
middle in an horizontal pofition by a flender wire 40 
inches long ; to each extremity is hung a leaden ball 
about two inches in diameter; and the whole is inclofed 
in a wooden cale to defend it from the wind. 

As no more force is required to turn this balance on 
its centre than is neceffary to twill the llender 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 be fufficient to move it fenfibly afide. 

To determine from hence the denfity of the earth, all 
that is neceffary is, to afcertain 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- 
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Earth, cafioned by heat being communicated by the bodies of 

'““"'V  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 diredtion, 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 fides of each, that their forces 
may not counteradl each other—the fmall fufpending 
wire of the balance mull be twilled by the movements 
of the arms, occafioned by attrablion, 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 bails would fettle between the firfl 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 necellhry 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 fnall there- 
fore only mention the refult. By a mean of the expe- 
riments the denfity of the earth comes out y'qS times 
greater than that of water. 

By the experiments made by Dr Malkelyne on the 
attraction of the hill Schehallien, the denfity of the 
earth was computed to be only 44- times that of water. 
The difference of refult, therefore, is almoit one-fifth, 
which no doubt mull leffen our confidence in either fet 
of experiments, or in the principle on which they were 
devifed. 

Earth Worm (fee Lumbricus, EncycL), is an ani- 
mal which occalions fuch dellruCtion in gardens, by 
gnawing the tender roots of flirubs and plants, that va- 
rious methods have been propoled for remedying this 
evil. One of the lateft, and that which promifes to 
prove the moll fuccefsful, is given by M. Socoloff in 
the fifth volume of the New Tranfadlions of the Impe- 
rial Academy of Sciences at Peterlburgh. As the de- 
ftrudtive power of quick lime, heightened by a fixed al- 
kali, which corrodes or diliblves 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- 
complilhing the objeft 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 Tomewhat milky liquor 
fufficiently caullic, highly hollile 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- 

E A U 
lent fymptoms of great uneafinefs. If this liquor be Earth, 
poured into thofe holes in which the earth-worms refideEaud^luce. 
under ground, they immediately throw themfelves out ' v 

as if driven by fome force ; and, after various contor- 
tions, either languilh or die. If the leaves of plants or 
fruit trees frequented by the voracious caterpillars, 
which are fo deilrudlive to them, be fprinkled over with 
this liquor, thefe infebts fuddenly contract theiu bodies 
and drop to the ground. For though Nature has de- 
fended them tolerably well by their hairy Ikins from 
any thing that might injure their delicate bodies, yet as 
foon as they touch with their feet or mouths leaves 
which have been moillened by this liquor, they become 
as if it were flupified, inftantly contract 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 fufpebted, all the danger will be removed by the firfl 
(bower that falls. This liquor may be procured in a- . 
bundance in every place where lime is burnt. If the 
lime be fre(h, 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-allies in water, and thickening the ley by 
evaporation. 

This liquor might be employed alfo to kill bugs and 
other domeftic infebts ; but on account of its ilrong 
lixivious fmell, M. Socoloff thinks it could not be ufed 
with fafety in houfes that are inhabited. Nothing, how- 
ever, more fpeedily or more effeblually deftroys bugs, 
as our author fays he has repeatedly experienced, than 
the oily pickle that remains in calks in which faltedi- 
herrings have been packed. 

EAU de Luce, a fragrant alkaline liquor which 
was fome ,years ago in great repute, efpecially among 
the fair fex, and of which the leading pcrfeblion is, that 
it (hall poffefs and retain a milky opacity. 

Mr Nicholfon, in the fecond number of his valuable 
journal, tells us, that being informed by a philofophica! 
friend, that the ufual recipes for making this compound 
(fee Chemistry, Encycl. n° 1037.) do not fucceed,. 
and that the ufe of mallic in it has hitherto been kept 
a fecret, he made the following trials to procure a good 
eau de luce. 

One dram of the reblified oil of amber was diffolved 
in four ounces of the ftrongetl ardent fpirit of the 
(hops; its fpecific gravity being .840 at 60 degrees of 
Fahrenheit. A portion of the clear fpirit was poured 
upon a larger quantity of fine powdered mallic than it 
was judged could be taken up. This was occafionally 
agitated without heat ; by which means the gum refiu 
was for the moll 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 mallic. No opa- 
city or other change appeared. Four parts of ftrong 
caullic volatile alkali were then poured in, and imme- 
diately lhaken. The fluid was of a denfe opake white 
colour, affording a flight 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 mallic ; it appeared of a lefs denfe and 
more yellowilh white than the former mixture. More 
of the gum refinous folution was then poured in ; but it 
ftill appeared lefs opaque than that, mixture. It was 

ruddy 
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The laft experiment was from the nodes at which the fun or moon can be eclip* EcUptie, 

fed, namely, near 18 degrees for the fun, and 12 de- Edyfune, 
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 alrnoll in thedine, but 5WW/ 
fomewhat within it, which joins the Start and the Account of 
zard points ; and as they lie nearly in the diredtion 
vefiels coafting up and down the channel, they were A 

neceffarily, before the eftablidiment of a light houfe, 
very dangerous, and often fatal to (hips under fuch 
circumftances. Their fituation, likewife, 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 oblerved, 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 Edyllone the fea is full 30 fathoms 
in depth ; fo that all the heavy feas from the fouth- 
w'eft come uncontrouled upon the Edyftone rocks, and 
break on them with the utmoll 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 direftion, to the length 
of above ico fathoms, and by their lying in a Hoping 
manner toward the fouth-weft quarter. This Jliving of 
the rock, as it is technically called, does not ceafc at 
low water, but ftill goes on progreffively ; fo that, at 
50 fathoms welt ward, there are 1 2 fathoms water; nor 
do they terminate altogether at the diftance of a mile. 
From this configuration it happens, that the feas are 
fwelled to fuch a degree in ftorms and hard gales of wind, 
as to break on the rocks with the utmoft violence. 

The effeft of this Hope is likewii'e 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-wefl, continues in thofe deep waters for many 
days, though fucceeded by a calm; infomuch, that wrhen 
the fea is to all appearance fmooth and even, and its 
furface unruffled by the flightelt breeze, yet thofe li- 
brations ftill continuing, which are called the grovvd- 
f'tvell, and meeting the Hope of the rocks, the fea breaks 
upon them in a frightful manner, fo as not only to ob- 
ftruft any work being done on the rock, but even the 
landing upon it, when, figuratively fpcaking, you might 
go to fea in a walnut fiiell. A circumftance which ftill 
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 lo 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 fhould make a commercial nation 
defirous of having a light-houfe on them. The won- 
der is, that any one ffiould be found hardy enough to 
undertake the building. Such a man was firft found 

Eiu de luce ruddy by tranfmitted light 
... !* . repeated with the oily folution inftead of that of mallic. 

. Jj-c“Puc- Xhe white was much lefs 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 ieen by 
tranfmitted light. Thefe mixtures were left at repofe 
for two days ; no feparation appeared in either of the 
compounds containing maltic ; the compound confift- 
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, fuhjeft 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 fubfequent 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 whiteft pieces of 
maftic, felefted for this purpofe and powdered, in two 
ounces of alcohol; and, when nearly diffolved, add 
twenty grains of elemi (See Amyris, Encycl.). When 
both the refins are diffolved, add ten or fifteen drops of 
redtified oil of amber, and fifteen or twenty of effence 
of bergamot: (hake the whole wrell together, and let the 
fseees fubfide. The folution will be of a pale amber co- 
lour. It is to be added in very fmall portions to the 
bed aqua ammonise purje, until it affumes a milky white- 
nefs, (baking the phial well after each addition, as di- 
redted by Macquer. The ftrength and caufticity of the 
ammoniac are of moft 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 ilrong, and mud be diluted with 
alcohol. A confiderable proportion of the tindture, 
perhaps one to four, ought to be requilite to give the 
liq uor 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, (late, or ftiingles, to reft upon. 

ECLIPSAR.EON, an inftrument invented by Mr 
Fergufon for Hievving the phenomena of eclipfes ; as 
their time, quantity, duration, progrefs, &c. 

ECLIPTIC. See Encycl. both under Ecliptic 
and in AsTRONOMY-//zr/r^. It w'as 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 
fince found reafon to eftimate it at only 36 feconds ; 
but whether this be perfedtly accurate, is very doubtful. 
The mean obliquity was determined for the ift of Ja- 
nuary 17931 with circular inftruments, by Mcchain at 
Barcelona, and Piazzi at Palermo, to be 230 27' 531' .3. 
Yet the obfervation of the fummer folftice of 1796, by 
Mechdin and Le Frangais, gave 11 fecouds more; which 
was juftly confidered as a perplexing circumftance. But, 
as one of the ableft of our literary journaliifs obferves, 
might not this difference arife from the uncertainty cf 
our tables of refraction, as affedted by the hygrofcopic 
variations of the atmofphere ? 

Ecliptic Bounds, or Limits, are the greatefl diftances 
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Edyfione. in the perfon of Henry Winjlanley of Littlebury in Ef- 

fex, Gent, who, in the year 1696, was furnilhed by 
the mailer, wardens, and affiftants, of the Trinity-houfe 
of Deptford-ftrond with the neceffary powers to carry 
the defign into execution. 

Mr Winftanley had diitinguifhed himfelf 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 obferving an old flipper carelefsly lying on the 
floor ; if, as was natural, you gave it a kick with your 
foot, up ilarted 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 impofiible 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 impoffible for you to efcape 
till the manager returned you to your former place.— 
Whether thofe things were fhewn to ilrangers at his 
houfe for money, or were done by way of amufement to 
thofe that came to vifit the place, is uncertain, as Mr 
Winftanley is faid to have been a man of fome proper- 
ty; but it is at leaft certain, that he eftablifhed a place 
of public exhibition at Hyde Park-corner, called IVin- 

Jlanky's <zvater-'iL<orls, which were fhewn at ftated times 
at one fhilling each perfon. The particulars of thofe 
water works are not now known ; but, according to 
the tafte of the times, we muft naturally fuppofe a great 
variety q{ jets (Peau, &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 whimftcal kind of buildings which he 
eredled on the Edyflone ; from the defign of which, it 
feems as if it were not fufficient for his enterprifing ge- 
tiius to ere& a building on the fpot, where, of all others, 
k was leaft likely to ftand unhurt; but that he would 
alfo give it an elevation, in appearance the moft liable 
to fubjedl it to damage from the violence of the wind 

v and waves. 
This ingenious man entered upon his great underta- 

king in 1696, and completed it in fomething more than 
four years. The firft lummer 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 Winftanley)' 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 feas 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 poffible, to make fhelter for ourfelves.” 

Mr Winftanley, 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 (bore, being almoft at the laft 
extremity for want of provifions. 

In the fourth year, obferving the effedls that the fea 
produced on the houfe, burying the lantern at times, 
although more than 60 feet high, Mr Winftanley en- 
compafted 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 clown the upper part of the firft building, and en- 
larging every part in its proportion, he railed it 40 feet 
higher than it was at firll: Yet, he obferves, “ the fea, 
in times of ftorms, 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 Winftanley 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 feas, 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 
efied from fo many perfons that I can have no doubt 
of the truth of it : Mr Winftanley 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 aft'ured of the ftrength of his building, he 
Ihould only wifli to be there in the greateft ftorm that 
ever blew under the face of the heavens, that he might 
fee what effed it would have on the ilrudure.” It 
happened that Mr Winftanley was but too amply gra- 
tified in this wifti ; for while he was there with his 
workmen and light-keepers, that dreadful ftorm began 
which raged moil violently on the 26th of November 
1703, in the night; and of ail the accounts of the kind 
which hiftory furnifties 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 ftorm was ib 
much abated that it could be feen whether the light- 
houfe had fuffered by it, nothing appeared ftandmg, 
but, upon a nearer infpedion, 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 fail jambed into a chink of 
the rock, that it could never afterwards be difengaged 
till it was cut out in the year 1756.” 

Thus peri(bed Mr Winftanley, 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 a& of parliament of the 4th of Queen Anne 
was pafled, for the better enabling the matter, &c. of 
the Trinity-houfe of Deptford-ftrond to rebuild the 
fame. By this aft, the duties payable by ftiipping 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 ihould be exhibited, and 
continuing fo long as that exhibition fhould laft during 

the. 

Edyilone. 
—v   
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^Edyftone. the faid term. On this foundation Captain Lovet en- 
 gaged Mr John Rudyerd to be his engineer or archi- 

teft and furveyor. 
It does not appear that Mr Rudyerd was bred to 

any mechanical buiinefs or Scientific profeffion, being at 
that time a filk mercer on Ludgate hiU; nor is it known 
that, in any other irdtance, he had diftinguiihed himfelf 

* by any mechanical performance before or after. His 
want of perfonal experience, however, was in a degree 
affifted by Mr Smith and Mr Norcutt, both fhipwrights 
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 dire&ed the 

■performance in a mafterly manner, and fo as peifeffily 
to anfwer the end for which it was intended. Fie faw 
the errors in the former building, and avoided tnem ; 
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 fimpli- 
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 his predecefibr; for all the unwieldy ornaments 
st top, the open gallery, the projefting cranes, and o- 
ther contrivances, more for ornament and pleafure than 
life, Mr Rudyerd laid totally alide. He faw, that how 
beautiful foever ornaments might be in themfelves, yet 
when they are improperly applied and out of place, by 
affeaing to (hew a tafle, they betray ignorance of its 
firft princ'nple, judgment; for whatever deviates from pro- 
priety is erroneous, and at heft infipid. 

It is impoffible 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 belt 
refilled by ‘weight, introduced into the folid part of his 
building, mult be confidered as being of the nature of 
ballaft ; the weight of tfcefe amounted to above 270 
tons. The main column of the building confilted of 
one fimple figure, being an -elegant fruftum of a cone, 
unbroken by any projedting ornament, or any thing on 
which the violence of the liorms could lay hold ; mea- 
furing, exclufively of its Hoping 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 
thb 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 odtagon of ten feet and fix inches 
diameter externally. The mean height of the window- 
frames of the lantern above the balcony floor was near- 
4y nine feet ; fo that the elevation of the centre of the 
light above the highell fide ot 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 
firft by 24 feet. The width of Mr Rudyerd’s lantern 

. was, however, nearly the fame as that of Mr Winftanley’s 
fecond : but inilead 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- 
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nated at three feet above the top of his cupola. The Edyftone. 
whole height of Mr Rudyerd’s light-houfe, from the' 
lowed fide to the top of the ball, was 92 feet, on a bafe 
of 23 feet and four inches, taken at a medium between 
the highefl and lowed part of the rock that it covered. 
The whole budding 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 wq^ch, went, about two o'clock in 
the morning, into the lantern, to fnuff the candles ac- 
cording to cudom, he found it in a imoke; and in Ipite 
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 drore, when one of them immediately ran off, 
and has never lince 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 domach 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 aflertion 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 ftomaeh. 

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 done building, pro- 
perly condrudted, would in all refpefts be preferable to 
one of wood; but having at lad convinced them, he turn- 
ed his thoughts to the diape which was mod fuitable to 
a building fo critically fituated. Reflecting on the firuc- 
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 ‘waiji, or that 
part of the building which is between the top of the 
rock and the top of the fotfd work. Hence he thought 
a greater degree of drength and diffnefs would be gain- 
ed, accompanied with lefs refidance to the afting 
power. On this occafion, the natural figure of the 
waid or bole of a large fpreading oak occurred to Mr 
Smeaton. 

“ Let us (fays he) confider its particular figure.— 
Connedfed 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 lead one third, and fometimes to half 
its original bafe. From thence, its taper diminidrjng 
more flowly, its fides by degrees come into a perpendi- 
cular, and for fome height form a cylinder. After 
that, a preparation of more circumference becomes ne- 
ceflary, for the drong infertion and edablidiment of the 
principal boughs, which produces a fwelling of its dia- 
meter.—Now we can hardly doubt but that every fec- 
tion of the tree is nearly of an equal drength in pro- 
portion to what it has to refid ; and were we to lop off 
its principal boughs, and expofe it in that date to a ra- 
pid current of water, we fhould find it as capable of 

refilling 
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of the greater part of 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 fliape 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 computed.” 

The next thing to be conltdered was, how the blocks 
of Hone could 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 fea. For this purpofe, cramping was 
the firft idea, but was rejected on account of the great 
quantity of iron which was neceflary, 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 fails of the 
upright headers are cut into dovetails for their infertion 
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. 
Ihele particulars being digelled in his own mind, he 
explained his defign by the help of drawings ; with 
which, after mature deliberation, the proprietors were 
perfedlly fetisfled ; and declared, that the fcherne was 
not only in itfelf pra&icable, 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 ij's6, 
that he might lofe no opportunity of viewing it. At 
Plymouth he met Mr Joiias Jeflbp, to whom he was 
referred for information and affiHance, and who after- 
wards proved of great fervice : he was not only an ap- 
proved workman in his branch as a fliipwright, but a 
competent draughtfman and an excellent modeller; ‘ in 
which lad (fays the author) he was accurate to a great 
degree : he therefore appeared to be a very fit perfon 
to overlook the exa£t execution of a defign given.’ 
Mr Jeflbp, like others, exprefled his doubts that a Hone 
building could Hand on the Edyitone: but they were 
removed by the propofed mode of its conHru&ion.— 
As Mr Smeaton was impatient to go to the rock, he 
feized the firH opportunity that feemed to promife any 
chance of landing on it. On the zd 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 
Haid 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 greateH part of the 
iron branches that had been fixed by Mr Rudyerd ; 
and fome of the moorllones 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 Winllanley’s building 
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was overfet altogether, and that it had torn up a por- 
tion of the rock itfelf, as far as the irons had been fafl- 
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 faintly cut, 
and without much regularity. It was next tried in 
what degree the rock was workable ; and Mr Smeaton 
had the fatistadtion ox finding every thing fucceed to 
his wifhes. 

Having thus determined that there was no impratHi- 
cabdity in fixing a Hone building, it became of the 
greateH importance to fecure a more fafe and certain 
landing on the rock; as it would frequently happen, 
while the veflels 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 delirable to re- 
turn to Plymouth, if pofiible, though the purpofe 
ot the voyage was unperformed. In addition to this, 
when veffels had got with fome facility into the gut, 
they frequently could not get out again without ex- 
treme danger : for as the larger lort 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 fhallow water on both fides of it, that it prohibits 
a thorough paffage. It was true, indeed, that by the 
Ikill and expertneis of thofe feamen who had frequently 
attended the fervice of i.he Edyltone, not only row boats, 
but the attendant veffels, 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. 
The two voyages which Mr Smeaton had made were 
in 3 fmall failing veffel of about ten or twelve tons bur- 
den, which was built for the fervice, and called the 
Edyffone 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 poffibility 
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 affillance : but that if any accident of 
the kind were to happen now that the houfe was down, 
and no protection nor /belter to be had, there was little 
chance of their eicape ;—and thefe confiderations being 
likely to cart 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 /bore ; 
and, firlt, a work-yard was chofen in a field adjacent to 
Mill Bay, about a mile weft from Plymouth. The 
next objetl was to procure moor /lone, or granite ; and 
with this view the author vifited Hingilone Downs, 
and obferved the manner of working the Hone, which 
is curious. He next went to Lanlivery, near Fowey 
harbour, from which place the ftone-work for the late 
light-houfe had been furni/hed. 

During this time he had made five voyages to the 
rock with little fuccefs: the event of the laft had ilrong- 
ly pointed out, that the much greater tonnage of the 
ftone which mart be neceffary to be carried out and 
fixed, in cafe of a ftone building, than was requi/ite in 
the compositions of his predeceffors, would make the 
uncertainty and delay which they had defcribed as be- 
ing attendant on their voyages, in order to fix their 
work, bear far heavier on the fcheme ; and would thus 
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      lengthened It appeared, therefore, that had a veffel been 
fixed within a quarter of a mile, or fome fuch competent 
didance from the rocks, and which fhould be capable 
of lodging the workmen, all their tools and'Ioofe ma- 
terials, the feveral pieces of wrought ilohe 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 Hoop of about fifty tons, with iron 
chains for mooring her on the rocky ground near the 
Edyftone. A veffel was in fa6l afterward moored in 
this fituation : but it was one not built for the fervice, 
but originally intended to have been ftationed as a 
temporary floating light during tne 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 mull 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 inflde 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 ifle 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 \fras 
now apprized of what was to be done, they left both 
the time and the means of its accomplifhment 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 expedfation ; get us fomething fpeedily to 
Ihew, 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.’ 

During his flay in London, he refolved, as an abfo- 
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. Connedted with 
the laft was a model of the building itfelf, fhewing di- 
ftindlly how the work was to be adapted to each lepa- 
rate ftep in the afcent of the rock, and particularly ex- 
hibiting the conftrudteon of the firft entire courfe after 
rifing to the level of the upper furface of the rock: to 
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be this a folid being fitted, the model fhewed the external Eftyftone. 

form of the whole building, including the lantern ; 
while, by a fedtion on paper, the whole infide work was 
reprefented. Thefe models, as well, indeed, as moft 
of the material parts of the bufmefs, 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 J756. 

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 fituation. 
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 (hore. The firft 
bufinefs was to eftabliih 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 afted with great judgment. 
He made choice of, and agreed with, Mr Thomas 
Richardfon, a mafter mafon of Plymouth, to a<ft as 
foreman of one of the companies ; and alfo with Wil- 
liam Hill, who had been fome time foreman to another 
mafter mafon of the fame place, to aft as the other 
foreman. He likewife entered three mafons, and nine 
tinners (Cornifti 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 j 
and the tinners were to have 2 s. per day certain at fea, 
and 8 d. per hour. In the work-yard, or at ffiore, 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 poffible at every opportunity, and in 
fupplying them with what was neceffary for keeping 
them at” 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 23. 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 ios. 6d. per day at fea, and 
5 s. per day on land ; and every one was to fupply him- 
felf with viftuals.—Mr Smeaton likewife agreed for 
half an acre of ground on the weft fide of Mill-bay for 



E D Y 
Edyftone. a work-yard, as before mentioned, which he marked out, 

and ordered to be fenced with boards. At this time 
arrived Mr John Harrifon, who was to a& as clerk to the 
Edyftone works, with whom a plan was digefted for 
keeping the accounts and correfpondence ; and for the 
diftinft noting of fo great a variety of articles, it was 
found expedient to open fourteen different books. 

Matters being thus fettled on (bore, and the weather 
having become more promifing, Mr Richardfon and his 
company embarked in the floop, with her ground 
tackle on board, attended by the author and Mr Jeffop, 
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 (harp picks, left indelible traces of thofe lines, 
fo as that the workmen might proceed on them when 
ever they fiiould be able to land. The roughnefs of 
the fea, however, foon rendered it advifable to return 
to the floop ; 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 
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employed in weighing the Bufs’s moorings. To pre- Edyftone. 
vent the neceflity of this, however, it was an objed 
confideration, 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 
the bad failing of 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- 
gei every hour of being fwallowed up by the waves or 
dallied in pieces on the rocks of Scilly. At laft, on Friday 
iporning the 26th of November, they reached Ply- 
mouth Sound, and relinquiffied ail thoughts of return- 
ing to their work on the rock that feafon. 

The winter therefore of 1756, and the fgllowing 
fpnng, were employed in preparing materials for the 
outwork : the mafonry particularly required great at- 
tention.. It was a defirable objed to ufe large and 
heavy pieces of ftone in the building; yet their fize 
muft neceffarily be limited by the practicability of land- 
ing them with fafety. Now fmall veffels only could 
deliver their cargoes alongfide of this hazardous rock ; 
and thefe could not deliver very large ftones, becaufe 
the ludden rifing and falling of the veffels 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 veffel, her gun- 
wale ftiould take a fwing, fo as to hitch under the 
ftone, one of a very large magnitude muft, on the vef- 
fel s rifing, infallibly fink her. From this confideration, 
it was determined that fuch ftones ffiould be ufed 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 fituation with refpea to each 
other; and they were fo exa<% marked, that every 
ftone, after the courfe was taken afunder, could be re- 

homeward bound, and a man of war’s tender, from dri- Hared in ^ be f 

dovetails ^     
loweft in Mr Rudyerd’s work) was fmooth bedded, and 
all the dovetails roughed out.—-The fourth was in the 
like ftate. Fhe fifth was rough bedded, and its dove- 
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 neceffarily 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 equino&ial winds that were now reigning, af- 
forded little profpea 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 

fuperfluous : but as the nature of the building required 
the workmen to be in a condition to refill; a ftorm at 
every ftep, it became neceffary to fix the centre ftone 
firft, 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 ftiould be tried to- 
gether ; in order that, if any defeat appeared at the 
out fide, by an accumulation of errors from the centre 
it might be redtified 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- 
pofition for water cements. In making mortar for 
buildings expofed to water, tarras had been moft 
efteemed : but ftill there were objeftions to its ufe Mr 
Smeaton wms therefore induced to try the terra fiuz- 
zolana, found in Italy, as a fubftitute for tarras For 
tunately there was a quantity of it in the hands of a mer- 
chant at I lymouth, which had been imported as a ven- 
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. . ,T , . , w^ftn.lnfter-hridp-e was ed to me very problematical whether we might be able, Edyhof*. 

Edyftone time from Civita Vecchia, when f ^ h ;th every poffible exertion, to get another courfe fi- 
—v— building ; and which he enpeaed o ha^ loldim^ ^ ^ ^ ^ . and confldering how very ineligible 

work to a good advantage, b ^ ^ 0fe, it was to have a courfe lie open during the winter in 
for having found that tarra ftors would this ftage of the work, and that we had now got three 
neither commifhoners, engineer ^ ^ ^ ^ ^ complete courfes eftabliihed above the top of the rock, 

the fum of whofe height was four feet lix inches ; and 

neitner coromiiuuncio, -- 
trouble themfelves to make a trial of the other materia . 
This was found in every refpeft equal to tarras, as tar 
as concerned the hardening of water-mortar, if not pre- 
ferable to it ; and if made into a mortar with lime pro- 
duced from a hone found at Aberthaw, on the coait of 
Glamorganfhire, it exceeded, in hardnefs, any of the 
compofitions commonly uied in dry w'ork ; an m we 
and dry, or wholly wet, was far fuper.or to any which 
Mr Smeaton had feen, infomuch that he did not doubt 
its making a cement that would equal the belt merchant- 
able Portland Hone in folidity and durability". 

Thefe preliminary arrangements being fettled, they 
proceeded, on the 3d of June 1757. c
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Neptune bufs, and to begin the work. After getting 
up the moorings (a wrork of no fmall difficulty and fome 
danger), and after fixing the fender-piles, the iheais, 
windlafs, &c. the firtt ftone was landed, got to its place, 
and fixed, on Sunda^the 12th of June; and on the 
next day the firft courfe was completed. On the 14th, 
the fecond courfe wras begun : but, in confequence o a 
freffi gale, the workmen were obliged to quit the rocK, 
after fecuring every thing as well as poffible. Such was 
the violence of the gale, that it was imprafticable for 
the boats to get out of the gut, otherwife than by pai- 
fing the Sugar-loaf rock, in which they providentially 
fucceeded. ’On the 18th, they were again as luddenly 
driven from their work, and feveral pieces of ftone were 
wafhed away by the violence of the fea. In the night 
of the 6th of July, the watch on the deck of the bufs 
efpied a fail on the rocks, and one of the yawls was fent 
to her relief, which brought back the whole crew, feve- 
val of whom were in their fhirts, and in great diftrefs. 
It was a fnow of about 130 tons burthen, which was 
returning in ballaft from Dartmouth ; but not know- 
ing exa&ly where they were, they had miftaken the 
rocks for fo many fifhing-boats, till it was too late to 
dear them ; and on the veffel’s linking, fhe fiLed fo 
quickly, that the boat floated on deck before they could 
get 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 Auguft, when the 
feventh courfe was nearly finifhed, a violent florm arofe, 
which carried away the (hears and triangles, together 
with two of the largeft (tones which had been left 
chained on the rock ! yet notwithftanding thefe and 
various other difficulties, the ninth courfe was comple- 
ted by the end of September. 

“ Being now arrived at the eve of Oftober (lays Mr 
Smeaton), I maturely confidered our fituation ; and 
finding that we had been 18 days in completing the 
laft courfe, whereas the former one was begun and fi- 
nifiied 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, 
w’e might not get another courfe completed in the com- 
pafs of the month of Oftober : So that when I reflect- 
ed on the many difafters that we had fuffered laft year 
by continuing out to the month of November, and how 
little work we in reality did after this time, it appear- 

ras tour 
that we could not leave the w'ork in a more defenfible 
(late, whether as relative to the natural violence of the 
fea, or the poffibility 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 year, I75^> 
the weather proved very tempeftuous till March ; and 
on vifiting the rock, they difcovered that the great buoy 
on the moorings had been carried away ; nor were the 
mooring chains, though fought with the greateft perle- 
verance, recovered till the middle of hday. In conle- 
quence of this1 delay, and from other accidents, tne 
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 firft of the 
fuperltru&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 purpoie 
he continued his operations longer than he otherwife 
would have done, in order to complete the firft room, 
and make it habitable ; but foul weather coming on, 
he was obliged to quit the rock, and returned to Ply- 
mouth. A florin enfued; and, on the next morning, 
looking out with his telefcope, he could difcern 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 difthnSt 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. The 
bufs had run into Dartmouth harbour; file was brought 
home ; and the work on the rock being lecured againll 
the winter, the operations of the third feafon were 
clofed. 

During the early part of J759’ Smeaton was 
employed in London in forming and making out the 
neceffary defigns for the iron rails of the balcony, the 
call 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 arrived at Plymouth. 
As the moorings had been again loft, newr 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 firft year, now" in appeal ance 
approached the hardnefs of the moorftone ; and that 
ufed in the laft year had the full hardnefs of Portland ; 
but on hauling up the Hones for the next circle from 
the ftore-room, where they had been depofited, he had 
the mortification to find only feven inftead of eight. 
It w7as imagined that a body of falling water, making 
its way through the open ribs of the centre, had wafh- 
ed this ftone out of the ftore-room door, though it 
weighed between four and five hundred weight. 

The progrefs of the work, however, was now fuch, r ^ that 
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Edyftone. that a whole room, with its vaulted cover, was built 
—■y—— complete in feven days. 

On the 17th of Auguft the main column was com- 
pleted. 

On the 27th Mr Richardfon and his company left 
the Edyllone, and gave an account that they had lived 
in it finee the 23d, having found it much more warm 
than the bufs’s hold and cabin. 

They nad now finiOied every thing belonging to the 
mafonry. The woik of the cupola was going on briflc- 
Jy in the yard at Mill-bay, though it was retarded by 
the fucctflive illnefles of the two principal copperfmiths. 
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 was nothing to prevent the frame of the 
lantern from being fixed in its place but bad weather. 
It was not till the x cth that the weather permitted the 
boats to deliver their cargoes. The 16th was remark- 
ably fine ; fo that by the evening the whole frame of 
the lantern w:is fcrewed together, and fixed in its place. 
On the 17th, which was alfo exceedingly fine, the cu- 
pola was brought out, and the (hears and tackle were 
fet up for hoilting 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 hoiibed clear of 
the building, and fo as, if pcffible, to avoid fuch blows 
as might bruife it. It was alfo required to be hoilted 
a confiderable height above the balcony floor ; which, 
though the largefl bafe that we had for the fnears to 
ftand on, was yet but 14 feet w'irhin the rails, and there- 
fore narrow in proportion to their height. About 
noon the whole 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 wms placed on the top of the lantern without the 
leaf!; damage. During the whole of this operation it 
pleaied God that not a breath of wind difcompofed the 
furface of the water, and there was the leal! fwell about 
the rocks I had obferved during the feafon. 

4t Tuefday, September 18th, in the morning, 1 had 
the fatisfaftion to perceive the Edyflone boat, on board 
of which I expefted the ball to be ; and which be- 
ing double gilt, I had ordered the carriage of it to 
be carefully attended to. The tvind and tide were 
both unfavourable to the veflel’s getting foon near us ; 
therefore, being defirous to get the ball fcrewed on 
before the (hears and tackle were taken down, one of 
the yawls was difpatched to bring it away. This be- 
ing done, and the ball fixed, the (hears and tackle wmre 
taken down, which took up nearly as much time as was 
employed in fctting them up ; that is, near 12 hours 
each, in the whole, to do the work of an hour.— I muft 
obferve, that by choice I fcrewed on the ball with mine 
own hands, that in cafe any of the fcrews had not held 
quite tight and firm, the circumllance might not have 
been flipped over without my knowledge ; being well 
aware, that even this part would at times come to a 
conliderable ftrefs of wind and fea, and which could 
not be replaced without fome difficulty in cafe any 
thing fltould 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- 

fifted of four boards only, well nailed together, at fuch Edyflone. 
diltances as to permit it to be lifted over the ball when 
done wu’th. It relied on the cupola, encompaffing its 
neck ; and Roger Corr.thwaite, one of the mafons, pla- 
ced himfelf on the oppofite fide upon it, to balance me 
while I moved round to fix the fcrews.” 

Refpedling the difpolition of the internal part of the 
edifice, Mr Smeaton fixed the beds in the uppermoft 
room, and the fire-place, which conllituted the kitchen, 
in the room below it ; whereas, in the late houie, the 
upper room was the kitchen, and the beds w^ere placed 
in one of the rooms below : the confequence of which 
w as, that the beds and bedding w ere generally in a very 
damp and difagreeable (late. The prelent difpofition has 
perfectly anfwered the end propoled, as nothing can be 
more completely dry than the twm habitable rooms. 

On the ill of October, every thing being finifhed, 
and the chandeliers hung, there was 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 blew' 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 fmoke 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 ufe, it could be 
kept quite cool ; whereas, in the late light-houfe, jt 
ufed to be lo 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 the building, notice was 
given to the Trinity-houfe that the light would be ex- 
hibited on the 16th of Odtcber 1759. The feafon of 
the year being now advanced to that which w'as always 
very precarious, the Neptune bufs was unmoored, and 
on the 9th of October (lie 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 one concerned in it, or accident, by which 
the work could be (aid 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 elapfed fince the finifhing of the 
building, it Hill remains in its original good condition. 
A few' particulars are however interefting. On the 19th 
of October Mr Srreaton, with Mr Jeiibp, &c. vifited, 
the houfe, and, landing, found all well. Henry Ed- 
wards, one of the light-keepers, gave an account that 
they lighted the houie as they were directed, and found 
the lights to burn fteadily, notwithftamling it blew: very 
hard ; that they had the greateft feas on the days im- 
mediately preceding the lighting ; and that then the 
waves broke up fo high, that had they not been thrown 
off by the cove courfe, they wmuld have endangered 
breaking the glafs in the lantern ; that wdxen 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 Hay 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 ; both which places 
were Efficiently elevated to fee the bafe of the building, 
and the whole of the rock at low water in clear wea- 

ther u 
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Edyftone. ther ; and though he had many oceafions of vievying 
—v   t>,e unfmJdied building when buried in the waves in a 

ftorm at fouth-weft, yet having never before had a 
view of it under this circumftance in its finifhed ftate, 
he was attonifhed to find that the account given by Mr 
Winftanley 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 ftrike the rock and the building 
conjointly, and fly up in a white column, enwrapping it 
like a flieet, rifing at leaft to double the height of the 
houfe, and totally intercepting it from the fight ; and 
this appearance being momentary, both as to its rifing 
and 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 ftormy wea- 
ther; and in January 1760, Mr Jefibp vifited the houfe, 
but 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 fhake as if a man had been up in a 
great tree. The old men were almolt frighted out of 
their lives, wifhing they had never feen the place, and 
curling thofe that firft 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 ftorm ; fo that the ladder, which was 
lafned below the entry door, broke loofe, and was walked 
away. Alfo, on the 13th, there was fo violent a ftorm 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 ftorms 
(obferves Mr Smeaton) which the building has now 
fuftained without material damage, convince us, and 
every one, of the liability of the ftone 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- I! 
ed it was built very ftrong, yet if fuch a ftorm as had ^ ct^IOfl>' 
deftroyed Winftanley's light-houfe was again to hap- 
pen, they doubted not but it muft lhare the fame fate. 
The year 1762 was ufhered in with ilormy weather, 
and indeed produced a tempeft of the firft magnitude ; 
the rage of which was fo great, that one of thofe who 
had been ufed to predidl its downfal was heard to fay. 
It the Edyftone light-houfe is Handing now, it will 
Hand till the day of judgment. And, in reality, from 
this time, its exiftence has been fo entirely laid out of 
mens minds, that whatever ftorms 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 interefting ; while iuch of them as are 
engineers will derive inftru6tion even from this very 
abridged hiftory of the Edyftone light-houfe. 

EFFECTION, denotes the geometrical conftru&ion 
of a propofition. The term is alfo ufed in reference to 
problems and praftices, which, when they are deducible 
from, or founded upon, fome general propofitions, are 
called the geometrical eff’eSiort of them. 

ELASTICITY. In addition to the article in the 
Encyclopedia, fee, in this Supplement, the view of JBos- 
covicn’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, 
c, d, e, &c. the elections of 
one thing are (<2,) i = 21—t, 
two things are (a, b, ab,) 3 = 21—1, 
three things are (a, b, c, ab, ac, be, abc,) 7 rr 2*— I, 
&c.; and of any number k, all the elections are 2n—1 ; 
that is, one lefs than the power of 2 whofe exponent is 
n, the number of fingle things to be chofei*, either fe- 
parately or in combination. 

ELECTRICITY. 

*1 YrE cannot but be fomewhat furprifed that, among 
the many attempts which have been made by 

the philofophers of Britain to explain the wonderful 
phenomena which are clafled under this name, no author 
of eminence, befides the Hon. Mr Cavendifli and Lord 
Mahon, have availed themfelves of their fufeeptibility of 
'mathematical difeuflion ; and our wonder is the great- 
er, becaufe it was by a mathematical view of the fubjeft, 
in the phenomena of attraftion and repulfion, that the 
celebrated philofopher Franklin was led to the only 
knowledge of eleftricity that deferves the name of fei- 
ence ; for we had fcarcely any leading fadfs, by which 
we could clafs the phenomena, till he publiflied his the- 
ory of pojitive and negative, or plus and minus, eledlricity. 
This is founded entirely on the phenomena of attradlion 
and repulfion. d hefe furnifti 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 } and this ac- 

companiment is regulated in a determinate manner. 
Many of the effedts of eledtricity are ftridlly mechanical, 
producing local motion in the fame manner as magne- 
tifm or gravitation produce it. One fhould have ex- 
pedfed 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 adfion of this motive force, an 
explanation of other wonderful phenomena, which are 
infeparably connedted with thofe of attradtion 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 eledlrometers, batteries, and 
other things of meafurable nature. 

This view has, however, been taken of the fubjedl 
by a philofopher of unqueftioned merit, Mr iEpinus 
of the Imperial Academy of St Peterfburgh. This 

gentlemans 
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gentleman, ftruck with the refemblance of the ele&rici- 
cal properties of the tourmalin to the properties of a 
magnet, which have always been confidered as the fub- 
je£t of mathematical difcuflion, fortunately remarked a 
wonderful iimiiarity in the whole feries of eledfrical and 
magnetical attradfions and repulfions, and fet himfelf 
ferioufly to the claffification of them. Having done 
this with great fuccefs, and having maturely refledled 
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 fubjedl 
of magnetifm and eledfricity, 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 precifion, 
and to predidt what will be the refult of any propofed 
treatment. He candidly gives it the modeft name of 
a hypothefis. 

This was publiftied at St Peteriburg in i 7 jq, under 
the title of "Theoria Eleftritatis et Magnetfmi, 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 
Prieilley has given of it in his hiilory of eledlricity ; a 
work which profefles 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 inftrudlive in- 
formation, and, at the fame time, fo many loofe conjec- 
tures and infignificant obfervations, that the reader (e- 
fpecially if acquainted with the Do&or’s charadler as 
an unwearied bookmaker) reafonably 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 embaraffments ; and 
thus could only get a very imperfedt notion of the fyf- 
lem. The Hon. Mr Cavendifh has done it more juf- 
tice in the 61 ft volume of the Philofophical Tranfac- 
tions, and confiders his own moft excellent diflertation 
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 eledlricity in our 
language, is a material want in Britifh literature ; and 
we truil, therefore, that our readers will be highly plea- 
fed with having the ingenious difcoveries 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 ^Epinus’s theory of eledlricity, as will 
enable the reader to reduce to a very Ample and eaflly 
remembered law all the phenomena of eledlricity which 
have any clofe dependence on the mechanical effedls of 
this powerful agent of Nature ; referring for a demon- 
ftration of what is purely mathematical to Sir Ifaac 
Newton’s Principia, and the Diflertation by Mr Ca- 
vendifli 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, 

R I C I T Y. 
in this place, to give a fyftem of philofophical eledlri- 
city, nor even to narrate and explain the more remark- 
able phenomena. Of thefe we have already given a 
vaft colledlion in the article Electricity, Encycl. We 
confine ourfelves to the phenomena which may be called 
mechanical, producing meafurable motion as their imme- 
diate effedl ; and thus giving us a principle for the ma- 
thematical examination of the caufe of eledtrical pheno- 
mena. We fhall confider the reader as acquainted with 
the other phyfical effedls of eledlricity, and fliall 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 jEpinus, hoping that it will excite our countrymen 
to a careful perufal of fo valuable a work, we fhall omit 
moil of the algebraic inveftigations contained in it, and 
prefent the conclufions in a more familiar, and not lefs 
convincing form. At the fame time we will infert the 
valuable additions made by Mr Cavendifh, and many 
important particulars not noticed by either of thofe gen- 
tlemen. 

Hypothesis of JEpinus. 
The phenomena of eledlricity are produced by a fluid Hypothefij^ 

of peculiar nature, and therefore called the electric 
fluid, having the following properties : 

1. Its particles repel each other, with a force decrea- 3. 
fing as the diliances increafe. 

2. Its particles attradl 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 attradlion is mutual. 

3. The eledtric 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-eledrics, fuch as water or 
metals, it moves without any perceivable obftrudlion ; 
but in glafs, rofins, and all bodies called electrics, it 
moves with very great difficulty, or is altogether im- 
moveable- 

4. The phenomena of eledlricity are of two kinds ; $*■ 
t. Such as arife from the adlual 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, but are inftances of its attradlion and re- 
puliion. 

Thefe things being fuppofed, certain confequences ne- 
ceffarily refult from them, which ought to be analogous 
to the obferved phenomena of eledlricity, if this hypo- 
thefis be complete, or fome farther modification of the 
affumed properties is neceffary, in order to make the 
analogy perfedt. 

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 attracted by the particles of com-xxlv^ 
mon matter in the body, but repelled by the other par- 
ticles of the fluid. The totality of the attradlive forces 
adling 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 attradlions of the common matter. In this cafe, P 
has a tendency to quit the body, or there is an expul. 
five force adling ou it, and it will quit the body if it be 

moveable*. 



$6o 

7 , 
Natural 
quantity, 
why fo ca'i 
cd. 

E E E C T H 

moveable. Becaufe the fame muft be admitted in refped 
of every other particle ot moveable fluid, it is plain that 
there will be an efflux, till the attra&ion of the com- 
mon matter for the particles of fluid is ecjual to the re- 
pulfxon of the remaining fluid. On the other hand, if 
the primitive repulfion of the fluid adfnig on the paiticle 
P be lefs than the attractions of the common matter, 
there will be the fame, or at leall a hmilar, fuperiority 
of attraction atting on the fluid refiding in the circum- 
ambient bodies ; and there will be an influx from all 
hands, till an egnilibrium be reftored. 

Hence it follows, tfiat there may always be affigned 
to any body fuch a quantity of fluid that there fhall be 
no 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 feme 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 ftate. 

If two bodies A and B, contain each its natural 
quantity, they will not exert any fenfible a&ion on each 
other ; for, becaufe the fluid contained in B is united 
by attra&ion 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 attradls 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 deftroy 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 attraCt 
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 attradlions 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 eledtric fluid. 

In order, therefore, to conceive diftinCtiy the ftate of 
a body containing its natural quantity, and to have a 
diftimk notion of this natural quantity, we muft luppofe 
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 attrafts that particle of 
matter ; and alio, 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 attracts it. Thus the whole fluid in the one re- 
pels the whole fluid in the other as much as it attradls 
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 eleftric 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, ftiall 
contain the fame proportion of fluid. It is fufficient 
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 (hall now confider more particularly the imme- 
diate refults of this hypothefis, in the molt Ample cafes, 
from which we may derive iome elementary propoii- 
tions. w 

Since our hypothefis is accommodated to the fa£t, Eledtric 
that bodies in their natural ftate, having their natural phtnomenj 

to 

quantity of eledlric fluid, are altogether inaftive on each^nfe flom 

. , 1 • .1 • .1   , ^ . r , i • icdutidancs 
natural quantity Inch, that itsor other, by making tins ^   

mutual repulfion exactly balances its attraftion for thecy in Hu d, 
common matter —it follows, that we muft deduce all the^ al°rp« 
eledtric phenomena from a redundancy or deficiency ofta" 
ele&ric fluid. This accordingly is the Franklinian 
doftrine. 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- 

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. _ n 

Let the body (fig. 1.) be fuppofed in its natural A<ftion of 
ftate throughout, which we {hall generally exprefs by ^ 
faying that it is saturated ; and let us exprefs theor matt‘r( 
quantity of fluid required for its faturation by the fym-howcom- 
bol Let P be a fuperficial particle of the fluid. Itputcd. 
is attradfed by the common matter of the body (which 
we (hall in future call Amply the matter), and it is re- 
pelled equally by the fluid. Let us call the attraction 
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 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 acting fluid, and this is now 

we have Qj <^+/=r : ff±Z*  ; and therefore 

P is repelled by the whole fluid with the force 

Jl I-H. But it is attracted by the 

the fame manner as before, that is. 
Therefore the whole action on P is 

Qj f r or 
_ 0^ . 

common matter in 
dth a force = a. 

fr 

action on 
"cc 
P is : 

But a- o. Therefore the whole 

force 

that is, P is repelled with the 
CL 

.01., 
This will perhaps be as diftinctly conceived by recol- 

lecting, that as much of the fluid as was neceffary for 
faturation, that is, the quantity CL_, puts the particle P 
in equilibrio ; and therefore we need only confider the 
action of the redundant fluid f. To find the repulfive 

force of this, fay Qj f — r \ and prefix the fign 

— ; becaufe we are to confider attractions as pofitive, 
and repulfions as negative, quantities. 

Unlefs, therefore, the particle P be withheld by fome o- 
ther 
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body cau- y^-. And as every fuperficial particle is in a fimilar 

lituation, 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 diminiih as 

f r • • • • • • 
the expelling force -^-diminiffles ; that is, as f dimi- 

nifhes, but will never ceafe till /be reduced to nothing. 
But if there be either an external force a&ing on the 
fuperficial fluid in the oppofite direftion, or fome inter- 
nal obftruftion to its motion, the efflux will Hop when 
the remaining expelling force is juft in equilibrio with 
this external force, or this obftruftion 

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 
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particle P will be repelled with the foice 

_ fr 
It is attra&ed with the force a 

Qi 
; and there- 

j - fr / 
fore the whole a&ion is = t/ — r -f- q", = 4- q-^ (be- 

caufe a — r — o) ; that is, P is attracted with the force 
f 7* Fluid will therefore enter from all quarters, as 

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 obftrudtion. 

When there is a deficiency of fluid, there is a redun- 
dancy of matter, fuch that its attraftion for external 
fluid is equal to the repulfion of a quantity/of fluid. 
This confirms the afliimption in n° 10, that the action 
of a body on the eJeSric fluid depends entirely on the re- 

I4 dundantfluid, or the redundant matter of the body. 
How bodies The efflux or influx may be prevented, either by fur- 
are ideo- rounding the body with fubftances, through the pores 

notfelec^ t^ie ^UI<^ cannot move at all, or by the body 
tries, itfelf being of this conftitution. And thus we fee, that 

the very circumftance of being impervious to the fluid, 
or completely permeable, renders the body capable or 
incapable of permanently exhibiting eleftrical pheno- 
mena, if furrounded by permeable bodies. This cir- 
cumftance alone, therefore, is fufiicient to conftitute the 
difference between eledries per fe, and non-eledrics.— 
Here, then, is a numerous clafs of phenomena, which 
receive an explanation by this hypothetical conftitution 
of the eleftric fluid. All electrics per fe are bodies fit 
for confining electricity in bodies which are rendered 
capable (by whatever means) of producing electrical 
phenomena ; and no conductor, or fubftance which al- 
lows the eleCtricity to pafs through it, can be made 
eleCtric by any of the means which produce that effeCt 
in infulators. And it is well known that the eleCtricity 
of electrics is vaftly more durable than that of non-elec- 
trics in fimilar fituations. It is true, indeed, that an 
eleCtric, which has been excited fo as to exhibit eleCtric 
phenomena with great vivacity, lofes this power very 
quickly if plunged into water, or any other conducting 
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 contaCt with the conducting matter. That 
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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 eleCtric 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, io as to contribute to the replenilhing the 
fuperficial ftratum with fluid. If, indeed, we could fall 
on any way of overcharging the interior parts of a glafs 
ball, or of abitraCting the natural quantity from them, it 
is highly probable, that it would continue to att’aCl 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 ftill be fenfible; 
nay, if a very fmall permeability be fuppofed, the body 
would again become overcharged at the furface; juft 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 accomplilhed with a globe of fealing 
wax, which is permeable while liquid, by eleCkrifying it 
in a particular wray while in that ftate, and allowing it 
to freeze. But the reader is not far enough advanced 
in the hypothefis to underftand the procefs which mull 
be followed. Fie cannot but recoiled, however, many 
examples in coated glafs, &c. where the eleftricity is 
moft pertinacioufly retained by a furface in very clofe 
contad with condudors. 

Let us now fuppofe a body NS (fig. 2.) contain-Cnnfequen- 
ing in the half NA a quantity f of redundant fluid,ces °f up_e- 
and in the half AS let there be a deficiency g of fluid 
that is, let there be a quantity of matter unfaturated.fl^' 1" ^ 
and fuch as will attrad fluid as much as the quantity £dcm on ex- 
of fluid would repel it. Let the fluid neceffary for thermal fluid, 
faturation of each half of NS be 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 r' 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 meiely faturated body 
NS mull be = a — r — r. This is evidently no- 
thing, if the body be in its natural ftate. But as NA 
contains the redundant fluid/, and SA is deficient by 

QT/Xr 

1? 

the quantity g, the whole adion muft be a 

_ CL - x r. 

adion becomes 

But becaufe a — r — d ~ 0, the 

g r — f r 
 q--—, or becaufe r is greater 

than r't the particle N is repelled with the force*^-™“^ 

In like manner the particle S is attraded with the 
. gr — fr' 
force -—pr . 

, Xw . . , 16 
In the mean time, a particle C, fituated at the mid-a. Action 

die, muft be in equilibrio, if the body be in its natural01'.the co.n* 
ftate, being equally attraded, and alfo equally repelled,cained fluid5 

on both fides. But as we fuppofe that NA is bverchar- 
* 4 B ged 
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ged with the quantity/, C muft be repelled in the di- 

region CS with the force q-. And if we alfo fuppofe 

that AS is deficient by the quantity^, C is attra&ed in 
cr f 

the direftion CS with a force q-. Therefore, on the 

whole, it is urged in the direction CS with the force 
fr+8r f + gXr 

q_ >or_ CL 

is 
Nature of 
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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 ftate till the 
fluid is fimilarly diftributed, and equally divided, be- 
tween the two halves of NS. Therefore a ftate like 
that afl'umed in this example cannot be permanent in a 
condudting body, unlefs an external force act on it ; 
but it may fubfift in a non-condu6tor, and in a lelTer de- 
gree, in all imperfedt condudtors. 

It is neceffary, in this place, to confider a little the 
■ nature of that refiftance which muft be affigned to the 
motion of the eledtric fluid through the pores of the 
body. If it referable the refiftance oppofed by a per- 
fedt 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 
leaft a diftribution which will make the excefs of the 
mutual attractions and repulfions preciiely 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 defeent of a parcel of fmall fhot diffemi- 
nated among a quantity of grain, or the refiftance to 
motion through the pores of a plaftic or dudtile 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 
eledtric attradlions 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- 

/ X r 4- r' ... 
pelled by a force   -—, which is much greater 

And, in like manner, the particle S than 

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-condudfting body Z interpofed be- 
tween them, as in fig. 3. All the formulas, or expref- 
fions «f the forces which tend to expel or to draw in fluid, 
are the fame as before. Perhaps this is the belt way of 
forming to ourfelves a diftindt notion of the body that 
is redundant in fluid at one end, and deficient at the 
other. And we perceive, that the ftate of the two bo- 
dies, feparated by the eleftric Z, will be more perma- 
nent when one is overcharged, and the other under- 
charged, than if both are either over or undercharged. a* 

It muft be remarked, that the quantities/ 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 toLu^ai** 
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’ ^dent, 

f r 

gr' —~f r ~ o, or^ :f — r : r', and g — In this 
cafe, the particle at N is as much attra&ed by the re- 
dundant matter in SA as it is repelled by the redun- 
dant fluid in NA. 

When the extremity N is rendered inaftive in this condftion3 
manner, the condition of the other extremity S is con-needTary 
fiderably changed. To difeover this condition, putfr)rdfi?* 

in place of j- in the formula gr—f' 
CL. 

which expref- 

fes the attraction for a particle at S, and we obtain 
fX^~~rn 

cl- 
On the other hand, we may have the redundancy 

and deficiency fo balanced, that there fhall be no ten- 
dency to influx at S. For this purpofe, we mull make 

f r' g — —. When this obtains at S, 
r . will be had by putting 

f 

24, 

-gr' and this will give us 

the aCtion at N 

in place of g in the formula 

for the /XP2 

ai. 

is attracted with lefs force than it would be if NA were 
equally undercharged with SA. 

The condition of the body now deferibed may be 
changed by different methods. The redundant fluid 
in AN may flow into AS, where it is deficient, till the 
whole be uniformly diftnbuted t 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 eleftric per fe ; and the fecond method will 
be flower than if the whole body were overcharged or 
undercharged. 

What we have been now faying of a body NS that 

CL ° Qz 
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 eleClric 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 aCts like an overcharged nor like an un- 
dercharged body, and may therefore be called neu- 
tral. The reader, who is converfant with eleftrical 
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 
appartus 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 dejiciency. Thus, inflead of 
neutrality at N, we may have repuliion, as at the firft, 

f r 

by making ^ lefs in any degree than —. If, on the 

contrary,^ be greater than-^T, the extremity N, tho* 
r' 

overcharged, will attrad fluid.. In like manner, if g 

ad. 
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be lefs than J—, the extremity S, although underchar- 

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 compenfate for its greater di- 
ftance, the a&ivity of that extremity muft 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- 
tradls fluid more ftrongly ; and when a deficient extre- 
mity is rendered neutral, the other repels fluid more 
(Irongly. All thele elementary corollaries will be fully 
verified afterwards, and give clear explanations of the 
moft 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 muft fee that 
the general conclufions are not affeded by this, and 
that fimilar formulse will be obtained, whatever is the 
difpofition 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 attradion and repulfion by a change of diftance; and 
even when this has been difeovered, we find it difficult 
in moft cafes, and impoffible in many, to afeertain the 
mode of diftribution. We (hall learn it in fome im- 
portant cafes, by means of various phenomena judiciouf- 
ly feleded. 

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 
diftances may be expreffed by r, r', r", r"', &c. as 
they are more and more remote ; and we may ex- 
prefs their a£hon as attractive or repullive by prefix- 
ing the fign -f- or —. Thus the attraction may be 
ifr-~g r' -f h r' — i r>") 

CL 
See. 
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caufe we mu/l have recourfe to them on many very im- 
portant particular occaftons. 

Let there be two bodies, A and B, in their natural 
ftate. Let the tangible matter in A be called M, and 
let the fluid neceffary for its faturation be called P', and 
let m and y'be the tangible matter and the fluid in B. 
Let the mutual adtion between a Angle particle of fluid 
and the matter neceffary for its faturation be expreffed 
by the indeterminate fymbol z, becaufe it varies by a 
change of diftance. 

The actions are mutual and equal. Therefore when 
the motion of B by the a&ion of A is determined, the 
motion of A is alfo afeertained. W^e (hall therefore on- 
ly confider how A is affeCted. t. Every particle of fluid 
m A tends toward every particle of matter in B with 
the force z. The whole tendency of A toward B may 
therefore be expreffed by z, multiplied by the produa 
of F and m. 2. Every particle of fluid in‘A is repelled 
by every particle of fluid in B, with the fame force z. 
3. Every particle of matter in A is attracted by every 
particle of fluid in B, with the fame force. We may 
exprefs this more purely and briefly thus : 

3°* 

- . Having obtained the expreffions of the invifible ac- 
tions of elearified 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 
aaing forces. The immediate effeds, or the mutual 
adions 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 
fubjea of the aaion of the other body. 

In confidering thefe phenomena, we (hall 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 
gain our purpofe by more Ample formulae than thofe hi- 
therto employed. They were premifed, however, be- 

1. F tends toward m with the force -f- F/wz 
2. F tends from f with the force   F /" z 
3. M tends towardf with the force -f. M/z 

Therefore the fenfible tendency of A to or from B will 
be =. z X Ftw -f M/— Yf. 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 attraction Ymz 
is balanced by the repulfion F/z. Therefore there re- 
mains the attraCUon 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/z, or B attrafts A with the 
force My'fc. A muft therefore move toward B. And, 
by the 3d law of motion, B muft move toward A with 
equal force. 

But the faCt is, that.no tendency of any kind is ob-Com3p*e- 
lerved. between bodies in their natural fiate. The hy-tion th« 
pothefls, therefore, is not complete. If we abide by it h>T0/Lfis 

as far as it is already expreffed, we muft farther fuppofe’°f 

that there is fome repulfive force exerted between the 
bodies to balance the attraction of M for/. Mr iEpi- 
nus, therefore, fuppofes, that every particle of tangible 

.matter repels another particle as much as it attra&s the 
fluid neceffary for its faturation. The whole aCtion of 
B on A will now be = z X Fm,—- F/— ML + M? 
Ymz is balanced by F/z, and M m z by M/z, and 
no excefs remains on either fide. 

Aipinus acknowledges that this circumftance appear- Oh&m 
ed to himfelf to be hardly admiffible ; it feeming incon-anfwfred 
ceivable that a part.cle in A ffiall repel a particle in B, 
or tend from it, eleCf ncally, while it attra&s 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 muft acknowledo-e 
that we fee innumerable inftances of inherent forces*of 

“ I±°" ! .a"d, KM from wfemngthi.htdyJifeowrtd power to the clafs of pn. . . i r i , iul ciais or pn- 
mittvc and fundaments! powers of nature. Nor is there 
any d.fficulty m reconciling this repullion with uni.er- 
fal grav.tat.on | for while bodies are in their natural 

4 H 2 Hatty 
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ftate, the eledlrlc attraftions 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 eleftrical date, it is a fa£t that 
their gravitation is didurbed. 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- 
cedcndi feu 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 pie- 
vented by fome obdacle, they prefs on this obdacle, and 
feem to endeavour to feparate. If, while they are, in 
this date, we ele&rify one of them, we find that they 
will now approach each other; and we have a oidinct 
proof that both tendencies are in adual exertion by va- 
rying their didances, fo that one or other force may 
prevail ; or by placing a third body, which (hall oe af- 
fected by the one but not by the other, &c. VV e do 
not underdand, nor can conceive in the lead, how ei- 
ther force, or how gravity, reiides in a body ; but the 
effefts are pad contradiction. It mud be granted, 
therefore, that this additional circumdance of JEpinus’s 
hypothefis has nothing in it that is repugnant to the 
obferved phenomena of Nature. 

N. B. It is not neceffary to fuppofe (although Mr 
jE'piniis 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 eleCtrical fluid. The material atoms having 
this property, and their correfpondmg atoms of fluid, 
may be very few in companfon with the number of 
atoms which compofe the tangible matter. Their mu- 
tual fpecific aCtion being very great in comparifon with 
the attraction of gravitation (as we certainly obferye in 
the aCtion of light), all the phenomena of eleCtncity 
will be produced without any fenfible effeCt on t.ie phe- 
nomena of gravitation, even although neither the eleCtric 
fluid nor its ally, this ingredient of tangible matter, 
fhould not gravitate. But this fuppofition is by no 
means neceffary. 

Since we call that the natural eleCtrical date ot bo- 
dies in which they do not affeCt 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 thefe two bodies 
will be totally ioaftive on another body in its natural 
date, and will neither attraCt nor repel it, nor be at- 
tracted nor repelled by it ; therefore the aCtion 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 in n° 10. and 13. This will free us from the 
complicated formulae which would otherwife be necef- 
fary for exprefling all the aCtions of the fluid and tan- 

gible matter of two bodies on each other. The refults 
will be fufficiently particular for didinguifliing the fen- 
fible aCtion of bodies in the chief general cafes: but 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 <^,ei13ralej" 
quantities F' and f of redundant fluid, it is plain that . 
their mutual aCtion is expreffed by F' X/' -f- z, and that ca^ 0f tj.e 
it is a repulfion ; for fince every particle of redundant mutual ac- 
fluid in A repels every particle of redundant fluid in B d°n* 
with the force z ; and fince F' and/' are the numbers 
of fuch particles in each, the whole repulfion muff be 
expreffed by the produCt 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'm! %. 

3. And two bodies A and B, one of which A con- 3J- 
tains the redundant fluid F, and the other B contains 
the redundant matter m\ will attraCl each other with 
the force F in z. 

4. It follows from thefe premifes, that if either of 36. 
the bodies be in its natural ffate, they will neither at- 
traft nor repel each other ; for, in fuch a cafe, one of 
the faCtors F', or /, or M', or m', which is neceffary 
for making a produCt, is wanting. This may he per- 
ceived independent of the mathematical formula ; for if 
A contain redundant fluid, and B be in its natural 
ftate, every particle of the redundant fluid in A is as 
much repelled by the natural fluid in B as it is attrafted 
by the tangible matter. _ ^ 

The three firft propofitions agree perfectly .with theseeming 
known phenomena of eleCtricity; for bodies repel paradox, 
each other, whether both are pofitively or both are 
negatively eleCtrified, and bodies always attraCt each 
other when the one is pofitively and the other negative- 
ly eleCtrified. But the fourth cafe feems very incon- 
fiftent with the moft familiar phenomena. Dr Frank- 
lin and all his followers affert, on the contrary, that 
eleCtrified bodies, whether pofitive or negative, always 
attraCt, and are attracted, by all bodies which are in 
their natural ftate of eleCtricity. But it will be clearly 
fhewn 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 inaCtive, as any one 
may perceive on a very flight examination by the 
Franklinian principles. It will prefently appear, with 
the fulleft evidence ; and, in the mean time, we proceed 
to explain the aCtion of bodies which are overcharged 
in fome part, and undercharged in another. 38 

Let the body B (fig. 4.) be overcharged in the part A&ion of 
B n, and undercharged in the part B s, and let/' and^^y^3" 
m' be the redundant fluid and common matter in tnofcflui4 une- 
parts; let A be overcharged, and contain the redun-qUab]y &£,, 
dant fluid F; let z and z' exprefs the intenfity of ac-pofed. 
tion correfponding with the diftances oi A from the 
overcharged and undercharged parts of B;.the part 
B n repels A with the force F/ z, while the part B j 
attraCls it with the force F wf z: A will therefore be 
attraAed or repelled by B, according as F m1 z' is 
greater or lefs than F/' z'; that is, according as m' z' 
is greater or lefs than f' z. This, again, depends on 
the proportion of /' to m, and on the proportion oi 
z to z\ The firft depends on many external circum- 
ftances, which may occafion a greater or lefs redundan- 
cy or deficiency of eleCtrical fluid; the fecond de- J pends 
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pends entirely on the law of ele&ric attra&ion and re- 
puHion, or the change produced ih its intenfity by a 
change of dillance. As we are, at prefent, only aim- 
ing at very general notions, it is enough to recolleft, 
that all the eledtric phenomena, and indeed the general 
analogy of nature, concur in (hewing that the intenfity 
of both forces (attraction and repullion) decreafes by 
an increafe of diftauee; and to combine this with that 
circumftance of the hypothefis which Hates the repul- 
hon to be equal to the attraction at the fame diftance ; 
therefore both forces vary by the fame law, and we have 
z always greater than z. The vifible aCtion of B on 
A (which, by the 3d law of motion, is accompanied by 
a fimilar aCtion of A 011 B) may be various, even with 
one pofition of B, and will be changed by changing this 
pofition. 

1. Vvre may fuppofe that B contains, on the whole, 
its natural quantity, but that part of it is abttradfed 
from B s, and is crowded into B n. This is a very 
common cafe, as we fhall fee prefently, and it will be 
expreffed in our formula by making Jf — m'. In this 
cafe, therefore, wre have F j' z greater than F /«' 2, 
becaufe z is greater than z!. A will therefore be re- 
pelled by B, and will repel it; and the repullion wall be 
F'/' X s — 2'. 

It is evident that if A be placed on the other fide 
of B, the appearances will be reverfed, and the bodies 
will attraft each other with the force F'y7 X 2 — 2'. 

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 wd)l be attracted. 

2. If the redundancy and deficiency in the two por- 
tions of B be inverfely proportional to the forces, fo 
that F : m' = a': 2, we fhall have fzzz m' z, and m! 

In this cafe thefe two aCtions balance each 
z' - 

other, and A is neither attracted nor repelled w'hen at 
this precife diftance from the overcharged fide of B. 
B may be faid to be neutral w'ith refpeCt 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 effeCt will be very different : For be- 

f'*’ caufe m' and in'z' is now changed into rri 2, and 

f z into f we have the aCtion on A =r F X 

-/*'), = F'/'X 
22 

; that is, A is ftrongly at- 

tracted. 
In like manner, f and m' 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' mult be 

= And if A be now placed at the fame diftance 
2 

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 attracts 
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 4*« 
the aftion of B on A, by changing the proportion of 

f and m'. If m! be made greater than A will be 

attracted in the fituation where it was formerly neutral; 
and if m' be made lefs, A will be repelled, &c. &c. 

Therefore, when we ohferve B to be neutral, or at- 
tractive, or repullive, we muft conclude that m' is equal 

f . *» to J—, or greater or lefs than it, &c. 
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 confidered in n°2i, 2 2, 23, 24. 
When thefe things are attended to, we 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 alio explain fome electrical appearances tbatoen.cra^y 
feem very puzzling. We limited the inactivity of BcHf3 

to a certain precife diftance of the body A. This in- tance. Im- 

aCtivity required that m fhould be =2 If A bey Nation!' 

brought nearer, both z and z are increafed. If they from 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 2 increafe fafter than z', we fhall have f z greater 
than m' z', and A will be repelled ; and if z increafes 
more flowly than z, A will be attracted 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 inftruCtive, becaufe they enable us to difeo- 
ver the law of eleCtric aCtion, by (hewing us the man- 
ner in which it diminifhes by a change of diftance. E- 
leCtricians cannot but recolleCt many inftances, in which, 
the motion of the eleCfroineter appeared very caprici- 
ous. The general faCt is, that when an overcharged 
pith ball is fo fituated near the overcharged fide of the 
eleCtrophorus as to be neutral, it is repelled when, 
brought nearer, but attracted when removed to a great- 
er diftance. This fliews that z increafes fafter than z' 
when A is brought nearer to B. Now, fince 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 aCtion is fuel), that every di- 
minution of diftance caufcs z to increafe fafter than z'. 
We fhall find this to be valuable information. 

Let us, in the laft place, inquire into the fenfible ef-Addin 
feCt on A when it alfo is partly overcharged and partly when the 
undercharged. This is a much more complicated cafe,fiuid is nn" 
and is fufceptible of great variety of external appearan-^^1.1^ 
ces, according to the degrees of redundancy and defi-bolhbodies, 
ciency, and according to the kind of eleCtricity (pofi- 
tive or negative) of the ends which front each other. 

Firft* 
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Tnft, then, let the overcharged end of A (fig. 5.) 

fron the undercharged end of 13, they being overchar- 
ged in N and «, but undercharged in S and s. Let F 
and /be the quantity of fluid natural to each ; and let 
"F' and /' be the redundancy in N and «, and M' and m' 
the deficiency in S and j. Moreover, let Z and Z' re- 
present the intenfity of actions of a particle in N on a 
particle in n and s ; 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, corresponding 
to the dillances N j, N «, S J, S «. 

Proceeding in the fame manner as in the former ex- 
amples, we eafily fee, that the adtion of B on A is = 
Y m'Z— Y f Z'~ M'm' z -f Mf z' 

Yf the attrac- 

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 Ihort of the fum of the fecond 
avid 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 feveral pages to ftate all 
thofe pofiible varieties. We fliall therefore content 
ourfelves at prefent with Hating the fimpleft cafe ; be- 
caufe a clear conception of this will enable the reader 
to form a pretty diftindt notion of the other pofiible 
cafes ; and alfo, becaufe this cafe is very frequent, and 
is the moft ufeful for the explanation of phenomena. 

We fliall fuppofe, that the redundant part of each 
body is juft as much overcharged as the deficient part 
is undercharged ; fo that F = M', and f = m'. In this 

, , „ , , F/ (Z — Z' — z -f *' 
cak, the formula becomes ^-7   . 

* J 
Here we fee that the fenfible qr external effedl on 

A depends entirely on the law of eledtric adkion, or the 
variation of its intenfity by a change of diftance. If 
the fum of Z and z' exceed the fum of Z' and z, A 
will be atbradted ; but if Z + z' be lefs than Z + z, 
A will be repelled. This circumftance fuggefts to us a 
very perfpicuous method of exprefiing thefe adlions be- 
tween particle and particle, fo that the imagination 
ihall have a ready conception of the circumilance which 
determines the external complicated eftedt of this inter- 
nal adtion. This will be obtained by meafuring off 
from a fixed point of a ftraight line portions refpedtive- 
ly equal to the diftances N x, N n, S j, and S n, 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 eredt ordinates having 
the proportion of thofe forces. If the law of adtion be 
known, even though very imperfectly, we fliall 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 z, take C/irrNj, Cy^Nn, Cr = Ss, 
and C / = S 7z, and eredt the ordinates P/>, Qj?, R r, 
and T t. If the eledtric 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 flovvly as the diftances are greater, 
thefe ordinates will be bounded by a curve PQRTZ, 
which has its convexity turned toward the axis. We 

ftiall prefently get full proof that this is the cafe here ; 
but we premife this general view of the fubjedt, that 
we may avoid the more tedious, but more philofophical, 
procefs of deducing the nature of the curve from the 
phenomena now under confideration. ^ 

This conftrudtion evidently makes the pair of ordi-Genera! 
nates P/, Qy, equidittant with the pair R r, T f.cl]ara(^er 
Alfo, P p, R r, and Qj?, T/, are equidiftant pairs. R of dettri^ 
is no lefs clear, that the fum of P ^ and T t exceedsforce. ^ 
the fum of 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 x arid y, then * <y is 
the half fum of P and T t, and y u is the half fum 
°f and R r. Moreover, if Qjn 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 equidiftant 
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 fhould ftand 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 effe&s that are 
to be expedted in the mutual adtions 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 necefl’ary, and where it will be 
attended with the greateft fuccefs in the explanation of 
phenomena. 

Now let us apply this to our prefent purpofe. Firjl, 46. 
then, When the overcharged end of A is turned to- 
ward the undercharged end of B, A mull be attradled; 
for P /> -f T / is greater than Q/j + R r. 

Secondly, This attradlion muft increafe by bringing 47* 
the bodies nearer ; for this will increafe the difference 
between P m and R n. 

Thirdly, The attradiion will increafe by increafing 48. 
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/r or qt, R r is more diminifh- 
ed than T t is. In like manner, by increafing B, whole 
length is reprefented by / j or r /, we diminilh 
more than T /. 49 

On the other hand, if the overcharged end of B front Ule of this 
the overcharged end of A, their mutual adtion will beP1‘

<aureof 

F/ ( — P/> + <^7 -f Rr- T /), the force&t 
F/‘ 

and A will be repelled, and the repulfion will increafe 
or diminilh, by change of diftance or magnitude, pre- 
cifely in the fame manner that the attradtions 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 jo 
two parts of each apparatus. Curious 

If the body B of fig. 5. is not at liberty to approach 
toward A, nor to recede from it, and can only turn fliould re- 
round its centre B, it will arrange itfelf in a certain kk from 
determinate pofition with refpedl to that of A. Forthe''W0* 
example, if the centre B (fig. 7.) be placed in the hne^^ 
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paffing through S and N of the body A, B will arrange 
itfelf in the fame llraight line : for if we forcibly give 
it another polition, fuch as j B «, N will attraft j and 
repel n, and thefe aftions will concur in putting B into 
the pofition s' B S, however, will repel s and at- 
traft 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 pofition 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 aflume the pofition n' B s’t 
parallel to NAS, but fubcontrary. For if we forcibly 
give it any other pofition « B j, it is plain that N re- 
pels n and attrafts j, 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 
aflame the pofition n' B /, where n' is next to S, and 
s' is next to N. 

Form of If the centre of B have any other fituation, fuch as 
the detftnc B', the body will arrange itfelf in fome fuch pofition 
meridian. ag K, B, jt may be demonfirated, that if B be infi- 

nitely fmall, fo that the a&ion of the end of A on each 
of its extremities may be confidered 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 fliall have BE to BF, as the force of 
S to the force of N. This arrangement of B will be 
ftill more remarkable and diftinft if N be an over- 
charged fphere, and S an undercharged one, and both 
be infulated. We muft 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 confider 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 propofitions. 

quence ^,et ^ ^ (%• 4-) contain redundant fluid, 
(funda- and let B be in its natural Hate, but let the fluid in A 
mental) of be fixed, and that in B perfeftly moveable; it is evident 

tydThe1’’th^ the redundant ,fluid in A will repel the moveable 
fluid in the fluid in toward its remote extremity «, and leave it 
poresof bo-undercflarged in s- "l he fluid will be rarefied in s, 
dies, and conftipated in n. We need only confider 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 mull be attraded by B, becaufe 
/' = m', and z is greater than %\ The attradive 
force is Yrf X (z—z'). 

bodies eon- Thus we fee that the hypothefis is accommodated to 

natural * 6 ^ pAent)mena in the cafe in which it appeared to differ 
quantity,in wdd<dy flrcm it* Had the fluid been immoveable, 
the natural mutual adions would have fo balanced each other 

no external effeds would have appeared. But now 
"e attradl-• Sreater vicinity of the redundant matter prevails, A 
•dbydec. !S attra&ed by B, aird, the. adions being all mutual, B 
thficdbo- 13 attraded by A, and approaches it. 

es, Wg have jyppofed that the fluid in A is immoveable; 
1 Andchanve kUt ^1S was flor ^abe of greater fimplicity. Sup-- 

the (late of P°^e 11 moveable. Then, as foon as the uniform diftri- 
thofe bo. bution of the-Uuid in B is changed, and B becomes un- 

increaTes^^er-C^ar^e<^ at and overcharged at n, there are forces. 
Olfaction on fluid in A, and tending to change its fiate of diftribution. The redundant matter in S at- 
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trads the redundant fluid in A more than the more re- 
mote redundant fluid in n repels it, becaufe z' is lefs 
than z. This tends to conftipate 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 muft increafe their mutual adion, with- 
out changing its nature. It can be ftridly demonftra- 
ted, that however fmall the redundancy in A may be, 
it can never be rendered deficient in its remote extre- 
mity by the adion 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 muft increafe the fimilar 
change in 13. It will be ftill more rarefied in /, and 
eondenfed in «; and this will go on in both till all 
is in equilibrio. When things are in this ftate, a par- 
ticle of fluid in B is in equihbrio by the combined ac- 
tion of feveral forces. The particle B is propelled to- 
ward n by the adion of the redundant fluid in A. But 
it is urged toward S by the repulfion of the redundant 
fluid on the fide of n, and alfo by the attradion of the 
redundant matter on the fide of s ; and the repulfion of 
the redundant fluid in A muft be conceived as balan- 
cing the united adion of thofe two forces refiding in B. 52> 

Hence we may conclude, that the denfity of the fluid Gel?erai!
r 

in B will increafe gradually from j to n. It will be ex-^foVed 
tremely difficult to obtain any more precife idea of itsdifpofmon 
denlity in the different parts of B, even although we0^ e'e&ric 

knew the law of adion between fingle particles. fluid in a‘ 
This muft depend very much on the form and dimen-^0<^^’ 

fions of B; for any individual particle fuftains the fenfible 
,adion ol all the redundant fluid and redundant matter in 
it, fince we fuppofe it affeded 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 j is lefs than the natural denfity ; 
•but in the vicinity of n it is greater; and therefore there 
muft be fome point between j 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-Pdnk 
tide of fuperficial fluid will neither be attraded nor re- 
pelled in this place. T. his Will not always be-the. cafe 
(although it will never be greatly otherwise) ; nor will 
the variation of the denfity in the different partsrof B be 
proportional to the Force of A on thofe parts. Some 
eminent naturahfts have been of this opinion ; and, ha- - 
ving made experiments in which it appeared to be other- - 
wife, they have rejeded the whole theory, . But a little 

^refledion 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 
fliall take the proper opportunity of explaining thofe 
experiments; and will alfo confider fome fimple, but 
important cafes, where we think the law of diftribution 
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 attrad the 
moveable fluid in B, and will abilrad 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;, wUl 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 remote fide of A, which will become now under- 

charged.! 
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charged in its nearer fide, and lefs undercharged in its 
remote fide than if B were taken avv^y. This muft in- 
creafe the inequability of diftribution of the fluid in B, 
and both will be put farther from their natural date ; 
but A will never become overcharged in its remote ex- 
tremity. 

Things being in this (late, it is plain that A and B 
will mutually attract \;ach other in the fame manner, 
and with the fame force, as when A was as much over- 

^4 charged as it is now undercharged. 
EleCtric at- Thus, then, we fee how the attraftion obtains, whe- 
mofphere is|.|ier ^ over or undercharged. A fact which Dr 

quate^u'the ■^'ran^^n cou^d never explain to his own fatisfadfion ; 
explana- nor will it ever be explained confidently with the ac- 
tion of the knowledged principles and obferved laws of mechanics 
phenome- any perfon who employs eladic atmofpheres for this 

purpofe. It is indeed a fufficient objection to the em- 
ployment of fuch eledtric or other atmofpheres, that 
the fame extent of attraction 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 adtions were legitimately 
deduced from their conflitution. This is by no means 
the cafe. Let any perfon examine ferioufly the modus 
operandi of the eledtric atmofpheres employed by Lord 
Mahon (the only perfon who has written mathema- 
tically on the fubjedl), and he will fee that the whole 
is nothing but figurative language, without any dif- 
tindt perception of what is meant by thefe atmoipberes, 
as didindt from the duid moveable in the conduC'ting 
bodies, or any perception how the unequal denfity of 
thefe atmofpheres protrudes the fluid along the con- 
duftor. Befides, it is well known that a conducing 
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 mdant, although it be 
furrounded with fealing-wax, or other nou-condudfors,to 
any thicknefs : in this cafe there can be no atmofpheres 
to operate on the included fluid. To this we may add 
Dr Franklin’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 fenfible di- 
minution' of its eleftricity. It is not conceivable that 
an eleddric atmofphere could remain attached to the 
ball ; nor could it be indantaneoufly formed round the 
ball, in every point of its motion, fo as to be operative 
the moment he flopped it and tried it ; for this would 
have exhauded or greatly diminidied the eledricity of 
the ball) ; whereas that fagacious philofopher affirms 
(and any perfon will find it true), that when the air is 
dry, he did not obferve the electricity more diminidied 
than that of another ball which remained all the while 

55 in the fame place. 
Induced Tet the overcharged body A (fig. 6.) be brought 
eledricity. near 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 s, 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 k C ; and 
the redundant matter in SB will repel the redundant 
matter in jC. 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 didances of the attract- 
ing parts being greater than thofe of the repelling parts, 
the repulfions mud prevail, and the bodies mud really 
feparate. 

It is equally clear that the very fame ferjllle appear- 
ance will refult from bringing an undercharged body 
near the ends of B and C, although the internal motions 
are jud the oppoiite to the former. 

If another body D, eleCtrified in the fame way with 
A, be brought near the oppofite ends of B and C, it 
will prevent or diminifh the internal motions, and it 
fhould therefore prevent or diminidr the external effrCts. 

If another conducting body be brought near to the 
end j of C that fronts A, it will be affieCfed as C is, 
and the end / will repel s ; but if it be brought near 
the remote end, as is the cafe with the body F, it will 
attrad this remote end. As the body A, containing 
more or lefs than its natural firare of eleCfric fluid, af- 
fe&s every other body, while they do not (when out of 
its neighbourhood) affeCl each other, it is ufually faid 
to be the eledrified body, and the others are faid to be 
eledrified by it ; and fince thefe bodies, when perfed 
condudors, cannot retain their power of exhibiting elec- 
trical appearances (fee n-1 17.), it will be convenient to 
didinguifh this lad eledrical date by a particular name. 
We fhall call it electeucity by position, or indu- 
ced electricity. It is induced by pofition with re- 
gard to the permanently eledrical body. ^ 

We have fuppofed, in tbefe lad propofitions, that Confequer 
the fluid was perfedly moveable in B, and, at lad, alfo, ces of ob- 
in A : but let us examine the confequences of fome ob-drui't*ons‘I 
firudion to this motion. Without entering into a mi- 
nute enquiry on this head, we may date the obdrudion 
as uniform, and fuch that a certain fmall force is ne- 
ceffiary for caufing a particle of lluid to get through be- 
tween two particles of the common matter, jud as we 
conceive to happen in tenacious bodies of uniform tex- 
ture (fee n9 18.). 

It is evident, that when an overcharged body A (fig. 
4. or 5.) is brought near fuch an imperfed condudor 
B, the fluid cannot be fo copioufly propelled to the re- 
mote extremity n. We may conceive the date of dif- 
tribution by taking a condant quantity from the inten- 
flties of the force of A at every point of B. This cir- 
cumftance alone fhevvs us that there will not be fo 
unequable a diftribution of the duid, and therefore 
there will not he fuch a Jirong attraU'ion between imperfed 
as between perfect condudors. But befides this, we fee 
that an incomparably longer time mud elapfe before 
things come to a date of equilibrium. Each particle 
of fluid employs time to overcome the obdacle to its 
motion, and it cannot advance till after the fueceed- 
ing ones, eacli escaping in its turn, have again come 
up with the foremofl. An important confequence re- 
fults from this. The neutral point, where the fluid is 
of the natural denlity, will not be fo far from the 
other body as it would have been without thefe ob- 
drudions ; and this point will be a conliderable while 
of advancing along the imperfed condudor. At the 
fird approach of the overcharged eledric, the near 
extremity of the imperfed condudor 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 



569 ELECTRICITY 
as its foremoft particles get pail the obftni(?Hons. The 
motion forward takes place over a conliderable extent 
at the very firit ; namely, in that part of the conduftor 
where the propelling power of the neighbouring eledtric 
is juft able to pulh a particle over the obftruftion. As 
the propulfion goes on, the neutral point muft gra- 
dually advance, and at laft reach a certain diftance, de- 
termined by the degree of the obftruftion. It is plain, 
that the final accumulation at the remote end of the 
imperiedt conductor will be lefs than in a perfect con- 
ductor, and the neutral point will be nearer to the other 

57 enc*- 
Irregular There is another remarkable confequence of the ob- 
diftribu- ftrudtion. It muft always happen that, at the beginning 

Qf ti}C a,5tion, the greateft conftipation will not be to- 
wards the remote extremity, but in a place much nearer 
to the difturbing caufe. Beyond this, the conftipation 
will diminifh. As time elapfes during this operation, 
this conftipated fluid ads on the fluid beyond it by re- 
pulfion, and may do this with fuflicient force to dif- 
place fome of it, and render a part of the imperfed 
condudor deficient, with a fmall conftipation beyond 
it. This may, in like manner, produce a rarefaction 
farther on, followed by another condenfation ; and this 
may be frequently repeated when the obftiudiou is very 
great, and the repulfion of the overcharged body very 
great alfo. This can be ftridly demonflrated in fome 
very fimple cafes, but the demonftration is very tedious: 
As the refult, however, is of the firft importance in the 
theory of eledricity, and ferves to explain fome of the 
moft abftrufe phenomena, we wifh the reader to have 
fome ftronger ground of confidence than the above bare 
afiertion. He may obferve fimilar effeds of caufes pre- 
cifely fimilar. If we dip the end of a flat ruler into 
water, and if, after allowing the water to become per- 
fedly flill, we move the ruler gently along in a direc- 
tion perpendicular to the face, we {hall obferve a Angle 
wave heap up before the ruler, and keep before it, all 
the reft of the water before it remaining ftill: but if 
we do the fame thing in a veffel of clammy fluid, efpe- 
cially if the clammy part is fwimming on the furface of 
a more perfed fluid, like a cream, we {hall obferve a fe- 
ries of fuch waves to curl up before the ruler, and form 
before it in fuccefiion ; and if we have previoufly fpotted 
the furface of the cream, we {hall fee that it is not the 
fame individual waves that are puftied before the ruler, 
but that they are fucceflively formed out of different 
parts of the furface, and that the particles which, at 
one time, form the fummit of a wave, are, immediately 
after, at the bottom, &c. In like manner, when a can- 
non is fired in clear air, at no great diftance, we hear a 
fingle fnap ; but, in a thick fog, we hear the fnap both 
preceded and followed by a quivering noife, refembliog 
the ruftiing of a fluttering wind, which lafts perhaps 
half a fecond. A flight refledion on thefe fads will fliew 
that they are neceffary refults of the mechanical laws of 
fuch obftrudion. 

Several The confequence of this mode of adion muft be, 
Reutral that an imperfed condudor may have more than one 
1 In s' neutral point, and more than one overcharged and 

undercharged portion, fo that its adion on diftant bo- 
dies may be extremely various. The formula of n° 28. 
was accommodated to this cafe, and will be found to 
have very curious refults. Another body may be pla- 
ced in the diredion of the axis, and will be attra&ed 
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at one diftance, repelled when this diftance is increafed, 
and again attra&ed when at a ftill greater diftance, &c. 
&c. 

Suppofe the obftrudion not to be confiderable: The 
immediate operation of the neighbouring overcharged 
body will be the produdion of an undercharged part in 
the adjoining extremity, an overcharged part bejond 
this, an undercharged portion farther on, &c. In a 
little while thefe will {hift along the condudor; one af- 
ter another will difappear at the farther end, and the 
body will have at lalt but one neutral point. A greater 
obftruction will leave the body, finally, with more than 
one neutral point, and their ultimate number will be 
greater in proportion as the obftrudion to the fluid’s 
motion is fuppofed greater. 

Now, let the overcharged body, the caufe of this un- jnducjd e. 
equal diftribution, be removed. We have feeh, n ' ly. lefiricity, 
that when a body contains its natural quantity of fluid,re'c*ere(1 

but unequally diftributed, there is a force ac-ing on Perrrunent> 

every particle, and tending to reftore the original equa- 
ble diftribution ; and that fuch a force remains as long 
as there is any inequality in this refped. If, therefore, 
there be no obftrudion, the uniform diftribution will 
take place immediately ; for it is well known, that the 
fpeed with which eledricity is propagated is imrnenfe. 
The elafticity, or the attractive and repulfive forces, 
muft be very great indeed when compared with any 
that we know, except, perhaps, the force which impels 
the particles of light. The electricity, therefore, of a 
perfed condudor, that is, its power of ading on other 
bodies in the fame way that an original eledric ads on 
them, muft be quite momentary, and ceafe as foon as 
the inducing caufe is removed. The condudor is elec- 
trical merely in confequence of its pofition. H ence 
the propriety of our denominations. Nothing material 
is fuppofed in this theory to be communicated from the 
overcharged body : Nay, this theory teaches, that the 
feniible eledricity of the overcharged body is augment- 
ed in fome rdpeds ; for it becomes more overcharged 
in the part neareft to the condudor. Indeed it be- 
comes lefs overcharged on the other end, and will ad 
leis forcibly on that fide than if the Condudor were a- 
way. It may be remarked here (it rtiould have been 
mentioned in 5 .) that when F is prefented in the 
manner {hewn in fig. 6. the body B becomes more 
ftrongly overcharged at the end remote from A, and 
more ftrongly undercharged at the end next to A, than 
when I is away. rI iie contrary may happen, by pre- 
fenting a body in the manner of E. We wifh thefe 
particulars to be kept in mind. In the mean time, all 
thefe circumftances are neceflary confequences of the 
fuppofition, that nothing is communicated from A to 
B or C. The eledricity induced on perfed conduc- 
tors is momentary, requiring the continual prefence of 
a body that is eledrified in fome way or other. 

But the cafe is quite otherwife in imperfed conduc- 
tors. When the overcharged, or otherwife eledrical 
body A is removed, the forces which tend to reftore 
the uniform diftribution of the fluid immediately ope- 
rate, and muft reftore it in part. They cannot, how- 
ever, do it completely : For when the force which ur- 
ges any particle from an overcharged to an underchar- 
ged part, is juft in equilibrio with the obftrudion, it 
will remain, juft as a number of grains of fmall {hot may 
lie, uniformly, mixed with a mafs of clammy fluid, or, 

4 C as 
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as fucli fluids retain heavy mud, In a date of equable 
c. inequable difuiiion. If the refiftance arife merely 
from the inertia of the tangible matter, there is no force 
fo {mall but it will in time reftore the uniform diftn- 
butiom But this cannot be the cafe in folid bodies. 
Their particles exert lateral forces, by which they main- 
tain themfelves in particular Situations : thefe niuft be 
overcome hv fuperior rorces. 

We Ihould therefore expea, that imp'erfea conduc- 
tors will retain part of their inequable conftitution ; 
and, in confequence of this, their power of affeaing other 
bodies like eledtrics ; that is, their Itlectr.i c i ty. 
For we muft obferve (having neglected to do it in the 
beginning), that the term eleSrhity is as often ufed to 
exprefs this power of producing ele&rical phenomena 
as it is ufed for expreffing a fubftance fuppofed to be 
the original caufe of all thefe appearances. It is necef- 
iary to keep this diftin&ion 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 ele&rm pheno- 
mena is evidently propagated to a diftance. We muft 
not always fuppofe, that when the eledfric appearances 
are exhibited in an inilant at the far end of a wire 
44 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 

rq are innumerable initances. _ 
Imperfect We have now to obferve, that by this theory the 
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head at prefent is, that whether electrified by indue- 
tion, or by friction, or moft other modes of excitation, 
the eledtrification will be nearly fuperficial in bodies ally f0. 
which condudt very imperfedtly ; and bodies which are 
altbgeth’er impervious (if there be any fuch) mult have 
the accumulation or deficiency altogether at their fur. 
face. If a glafs globe be fuch a body, it will hardly be 
pofiible to eleftrify it to any depth; and all that we can 
expect 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 eledtricity. 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 obftrudtion prevents the 
fluid of the ftratum beyond this from coming up to flip*- 
ply the vacancy. If we can fall on any contrivance to 
produce fuch deficient ftrata within the glafs, we (hall 
make it much more retentive and capable of holding 
fall a much greater quantity. We have already men- 
tioned lomething of this in n° 14. and we recommend 
the cafe to the attentive confideration of the reader. 

conductors fmgle circumftance of perfect and imperfecl conducting 
are rereffa- & • r n:^.n^Lli'dTlnrY- tLp wlinlp fliffcrence 

6r 

are receffa- o° er fufficient for eftablifhing the whole difference 
electrics' between idio-ele£trics and non-ele£trics. The idio- 

eleftrics are fufceptible of excitation in various ways, 
and retain their ekaricity ; 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 lecauje they are perfect conductors. Any 
inequality of diftribution of the ekaric fluid, which is 
all that is neceffary for rendering them ekanc, 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 (hew 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 neceffary previous to 
the appearance of ekaricity. This is impoffibk in per- 
fea conduftors. By this theory, therefore, peifea 
conduaors are neceffarily non-ekarics; and non-con- 
duaors are neceffarily (if excitable) idio-ekaries. 

With refpea to the particular phenomena which may 
be expeaed on the removal of the original ekaric ; it 
may juft be remarked, that the ekaric appearances of 
the imperfea conduaor will go oft in the contrary or- 
der to that of their indication. The accumulation and 
deficiency will dimimfh gradually, and the neutral point 
or points will gradually approach the end which had 
fronted the original ekanc. The imperfea conduaor 
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 ekdrification : 
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 kfs perfea conduc- 
tors. 

Thus have we given a fketch of the leading doarinesCompari- 
of this elegant theory of Mr jEpinus, all legitimately 
deduced from the circumftances affumed in the hypo-experi. 
tbefis concerning the mechanical properties of that (ub-ment. 
ftance which he calls the eledric fluid. Let us now ke 
with what fuccefs this hypothefis 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 hypothefis. 
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 converfant with cleftrreal phenome- 
na and with ekftric experiments, have feen, as we vv|nt 
along, the perfeft agreement of the hypothefis with the 
various phenomena of attraftion and repulfion, and all 
thofe which are ufually claffed under the name of elec- 
tric atmofpheres : and we are confident, that when they 
compare the confequences that fhould neceffarily refult 
from fuch a fluid with the legitimate confequences of 
the mechanical aftion of elaftic atmofpheres, they will 
acknowledge the great fuperiority of this bypothefis in 
point of limplicity, perfpicuity, and analogy with o- 
ther general operations of nature. To fuch readers it 
would not be neceffary to ftate any farther comparifon ; 
but there are many who have not yet formed any dif- 
tinft fyflematic view of the appearances called eleCtrical. 
We do not know any way of giving fuch a view of 
them as by means of this hypethefis ; and we may ven- 
ture to fay, that it will enable the ftudent of Nature to 
clafs them all, with hardly a fingk exception. After 
which, the hypotbefis may be thrown afide by the faf- 
tidious philofopher ; and the ufeful claffiiication, and ge- 
neral laws of the ekftric phenomena, will remain ready 
foundations for a more perfeft theory. For the lake 
of fuch readers, therefore, we (hall take a fhort review 
of thofe general appearances which are accompanied by 
attraftions and repulfions, and compare them with this 
jEpinian theory. 

We fhall not at prefent cdnfider the various modes or 
excitation, although this theory alfo affords much in- 

ftruftion 
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ftru&Ion on the fubje^l, but confine ourfelves entirely 
to the fails which are moll immediately dependent on 
it, and ihould be employed to fupport or overturn it ; 
and we fiiall fuppofe the reader acquainted with moll 
parts of the common apparatus; fuch as eleilrometers, 
infulation, &c. We alfo prelume that he knows, that 
when a fmall pith-ball has been eleitrified by touch- 
ing a piece of glafs which has been excited by rubbing 
with dry flannel, it will repel another body fo eleitrifi- 
ed ; and that balls, which have received their eleilricity 
in this manner from fealing-wax excited by the fame 
rubber, alfo repel each other ; but that balls, thus elec- 
trified by glafs, attrail thofe which are ele&rified by 
fealing-wax. 

The following fimple apparatus will ferve for all the 
experiments which are neceflary for eftablilhing the tbe- 

*» orY : , ° 
Apparatus i. Two flender glafs rods A (fig. 8.), having a 
neceffary forafs kall £ at the end5 about a quarter of an inch in 

compari- ^*ameter> fufpending a very fmall and delicate pith-ball 
fon/ eledlrometer C. 

2. Some eledlrometers (fig. 9.), confifting of two 
pieces of rufh pith, about four inches long, nicely fuf- 
pended, and hanging parallel, and almolt in contadl 
with each other. It is proper to have them as fmooth as 
poffible, and neatly rounded at the ends, to prevent un- 
neceflary diflipation. 

3. Some pith-ball electrometers (fig. to.), whofe 
threads are of filk, about four inches long, and fome 
with flaxen threads moillened with a folution of fome 
dehquefeent fait, that they may be always in a good 
conducing flate. 

4. Several brafs conduftors (fig. n.), each fupported 
on an infulating ftalk 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 difilpation. The foot muft 
be fo narrow as to allow them to touch each other at 
the 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 ol wood, which can be Aid up or down on a 
wooden pillar, and fixed at any height. Thefe balls 
ihould be about three inches in diameter. They muft; 
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 pofiible. Each mull have 
a dimple ilruck in the middle with a polilhed blunt 
point, lo 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 
llalks : alio fome fimilar needles made of fealing-wax, 
one end of each being black, and the other red. 

The mechanical phenomena of eledlricity may be ex- 
prefled in a few fimple propofitions. The moll general 
fadl that we know, and from which all the rell may be 
deduced, is the following : , 

If any body A is eledlrified, by any means whatever, 
and if another body. B is. brought into its neighbour- 
hood, the laft becomes eledtrical by pofition. 
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Set the brafs cor.dudlors in a row, touching each f>3 

other, as represented in fig. 1 r. by A, B, C ; and let a (
A ^eutral 

pith-ball eledlrometer, having filk threads, be fet near ^ 
one end of the condudlors. Excite one of the globes, ciufe ren 
by rubbing it with dry flannel. When this is brought dereJ dec- 
near the end of the condudlor, the pith-ball will ap-tr'^! *n“ 
proach the other end. But the globe mull not be lun’ 
brought fo near as to caufe the pith-ball to flrike a- 
gainil the other end. On removing the globe, the pith- 
ball will move oft and hang perpendicularly. The fame 
effedl is produced by both globes. 

Thus the mere vicinity of the eledlric renders the 
condudlor eledlric, and the eledlricity ceafes on remo- 
ving the globe. This is perfedlly 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 oith- 
ball to the immediate adlion of the globe, it is fufficient 
to obferve, that if the ball be fufpended near the fide, of 
the condudlor, it will approach the condudlor, fh wing 
that it is affedled by the condudlor, and not by the 
globe. 

Let the globe be held in the pofition D (fig, 12 ),s‘;£e 

about fix inches from the condudlor, and a little above rrf‘!iUtio'n 

the line of its axis. Take the glafs rod (fig. 8 )> 
bring its knob into contaft with the under fide of the tally, 
remote end c of the condudlo;-. The balls of the elec- 
trometer will feparate, fhewing that they are eiedlrified 
in the fame manner, and repel each other. Slide'the 
brafs knob along the under fide of the conductors, quite 
to the end a. The balls will gradually collapfe as' the 
knob approaches a point near the middle of the conduc- 
tors, where they will hang parallel. Faffing this point, 
they will again feparate, and moft of all when the knob 
is at a. In this fit nation they will deviate toward the 
globe, and will be diredled flraight toward it, if it be 
held too near, or in the diredlion of the axis. This 
would dill m b the experiment, and muft be avoided. 
Thefe phenomena are conformable to the account given 
of the difpoiition of the fluid in the condu&or. The 
ele&rometer may be confidered as making a part of the 
condudlor ; and when its threads hang parallel, it is in 
its natural flate, having its fluid of its natural deufity. 
This, however, cannot be ftritlly true, according to 
the theory ; becaufe the balls of the eledlrometer muft 
be confidered as more remote from the electric, and 
their eledlrical ftate mull correspond to a point of the 
condudlor more remote than that where the knob of 
the eledlrometer touches it. This will be more remark- 
ably the cafe as the threads are longer Accordingly, 
an eledlrometer 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 Ma~ 
that its fituation B was determined (in his experimentskon’S{kter- 
with a long condudlor)'to be fuch, that D c was bar-niinadon ”/ 
monicaily divided in B and a ; and he finds this to be pok^not 
agreeable to th . refult of an elcdlnc atmofphere whofe warranted 
denfity is inyerfely proportional to the fquare of the dif- b>' hiS ex- 
tance. But we cannot deduce this from his narration p,anatioIU 

0/ the experiment. He gives no reafou for his felec- 
tion of the point D, nor tells us the form and dimen- 
fions of the eledtric employed, nor takes into account 
the adlion of the fluid in the long condudlor. It is 
evident that no computation can be inftituted, even on 
his Lordfliip’s principles, till all this be done. We have 
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always found that the neutral point was farther from 
the eleftric, in proportion as the conduAor was Imaller, 
and when the eleftricity was ftronger ; and that the dd- 
ferenccs in this refoeft were fo very confiderable, that 
no dependence could be had on this experiment tor de- 
termining the law of aaion. It (hould be fo, both ac- 
cording to Lord Mahon’s and Mr jEpinus’s theory. 
But to proceed with our examination : 

Having touched the end c of the conduftor with the 
knob of the elearometer, bring it away. The. bads 
will continue to repel each other, and they a^re attract- 
ed by any body that is in its natural Rate. 1 ouch the 
fame end with the knob of the other elearometer, and 
bring it alfo away ; the balls of the two ^Barome- 
ters will be found to repel each other : but if one has 
touched the conduftor at c, and the other has touched 
it at a, the ekarometers will llrongly attraft 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 elearometer are overcharged, they muft 
repel each other, and repel any other body ekanfied 
in the fame way. They muft attraa and be attraTed 
by any natural body. But the bails of the other elec- 
trometer having touched the conduftor at n, muft be 
undercharged, and the redundant fluid of the one muft 
attraCt the redundant matter of the other. 

If the conductor has b* en ekarified by the vicinity 
of excited glafs, the ekCtrometer which touched it in 
the remote end c, will be repelled by a piece of^ ex- 
cited glafs, but attracted by excited fealing-wax. The 
eleCtrometer which touched the conductor in a will be 
attracted by excited glafs, and repelled by excited feal- 
ing-wax. The contrary will be obferved if the conduc- 
tor has had its ekClricity induced on it by the vicinity 
of the globe covered with fealing-wax. This is a com- 
plete proof that Mr Dufuy’s doCtrine of vitreous and 
rejmous ekCtricity is unfounded. _ Both kinds of elec- 
tricity are produced in a conducing body, without any 
material communication, by mere juxta-pofition to a 
body poffeffed of either the vitreous or the refinous ekc- 

Conftant \y'e have not yet mentioned any reafons which in- 
diftinflions d;cate wh;ch end of the conduaor is eleCfrical by the 

dancy and redundancy of eleftric fluid, nor is the reader prepared 
deficiency, for feeing their force. It is generally believed that t ic 

remote end of a conduftor which is electrified by glafs^ 
excited by rubbing it with flannel or amalgamated lea- 
ther, is ekarical by redundancy. No difference has 
been obftrved in the attraaions and repulfions. But 
there are other marks of difthaion which are conftant, 
and undoubtedly arife from a difference in the mode of 
aaion of thofe of mechanical forces. If, 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 conduaor, and flowly drawn tranfverfely, fo that 
the conduaor draw’s 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 colkaed along this line, fomewhat 
in the form of the fibres of a feather. But if the con- 
duaor was rendered ekarical by the globe covered 
with fealing-wax, the duft will be colkaed 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 condudor which is neareft to the excited 
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ekaric. In fliort, in whatever way the drawing point 
has been ekarified, if it repel a ball which has touched 
excited glafs, the line will be feathered ; but if k at- 
traa fuch a ball, the line will be fpotted. There are 
many wuys of making this appearance much more re- 
markable (fee Electricity, Anryr/. Sedl. viii.n^ 48.) 
than this; but we have mentioned it on this occafion, 
becaufe the circumftances which occafion the difference, 
whatever it is, are the molt fimpk poffibk. Nothing 
is communicated ; and therefore the effedt muft ariie 
from the unnatural ftate of a fubftance or power red- 
ding in the body. If it be a fubftance Jui generis, the 
ekdtric adtion muft arife from a different diftribution ot 
this fubftance ; from a redundancy and deficiency of it 
in the different portions of the conductor. Without 
pretending as yet to fay which is redundant, we fliall 
iuppofe, with Dr Franklin, that the ekdtricity of ex- 
cited glafs is fo ; and we fliall ufe the words redundant 
and pojitive to diftinguifh this ekdtricity from the other. 
This is merely that we may, on many occafions, con- 
fiderably abbreviate language. 

The different ekdtrical Hates of the different por- 
tions of the conductor may be feen in another way, 
which is perhaps more fimpk and unexceptionable than 
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 ukd, draw the remote piece 
farther away. Now remove the excited globe. When 
we examine A feparately, we fhall find it wholly nega- 
tive, or undercharged, flrongly repelling a ball ekdtri- 
ffed by fealing-wax, and attrafting a ball eledlrified by 
glafs. The other piece C exhibits pofitive ek&ricity, 
attradling and repelling what A repelled and attracted. 
If only three pieces of the condu&or have been employ- 
ed, the middle piece B is generally pofitive ; but this 
in a very faint degree. _ 

If all the pieces be again joined, they are void ot. 
ekdtricity. If, inttead of fuch condudtors, a row of 
metal balls, fufpended by filk lines, are employed, one 
of them may generally be found without any fenfibk 
ekdtricity, when feparated from the reft, having been 
the neutral part of the row while united. 

Thefe very fimpk fads (hew, as completely as can 
be wifhed, that if the ekdtric phenomena depend on a 
fluid moveable in the pores of the body, the conftitu- 
tion given it by Mr jEpinus is adequate to the explana- 
tion. We may now venture to affert, that every othei 
phenomenon of attradion and repulfton will be found 
in exad conformity with the kgkimate conkqutnces ot 
this conftitution of the ekdric fluid. . Js 

That nothing is communicated from the ekdnc WI'Lll(^lon 0f 
appear ftill more forcibly by the following experiment .eje(4r;city 
Let a condudor be rendered ekdtrical in the way now ll0thing is 
deferibed, and touch either extremity of it with thecommunu 
little ekdrometer, and obferve attentively the divergen; Cerent 
cy of its threads. Now approach its remote extienu-pp^jj af5 
ty with another conduding body, fuch as a fingk piece excited, 
of thofe condudors, it will be rendered eledrical ; as 
may be difeovered by a delicate ekdrometer. Obferve 
carefully whether the ekdrometer in contadt with the 
firft condudor be affeded it will generally be found 
to fpread its threads wider. It will certainly be thus 
affeded if the other condudor be very long and bulky, 
or touched by the hand ; or if, inftead of this fecond 
condudor, we approach the firft with the extended 

palm 
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palct of the iiar.d. As the iceon<5 condudior was ren- 
dered eleftrical, fo, undoubtedly, is the hand alfo : and 
its elediriheation has not deprived the hrlt coadudior 
of any of its eledfric power, but, on the contrary, has 
increafed it. And this augmentation of its power is 
equally fenflble at both ends: For an electrometer at 
the other end will alfo diverge more when the hand is 
brought near the remote end. This theory explains 
this in the moil fatisfaciory manner. The iirlt conduc- 
tor renders the fecond eledric, by propelling its fluid 
to a greater difiance. rX'he fecond condudor now ads 
on the fluid that is moveable in the tirll, and caufes 
a greater accumulation in its end which is farthell from 
the eledric ; that is, renders it more eledric. 

The forced Suppofe that, inllead of employing an excited globe 
dif}H>fition of glafs, we had made ufe of a conduding body, llightly 
of fluid is overcharged. 'Thus if we employ the condudor A, over- 

^fher^lec^ c^iai ^e<^’to iIl(Jl1ce eledricity on C; this will produce the 
trifled ho- fame general efred on our fet of conductors. But if we 
dies. have previoufly examined 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 

I 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 conflipation 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 afteded by the condudor. 

The fame conclufions may be diawn from the fol- 
lowing fads : Hang up a rufh-pith eledrometer. Ap- 
proach it below with a body fhghtly eledrified. The 
legs of the eledrometer immediately diverge, though 
attraded by the eledrified body. Hold the hand above 
the eledrometer, and they will diverge ilill more ; touch 
the top of it, and they fpread yet farther. Hold the 
eledrified body (very weakly eledrified) above the 
eledrometer, fo that its legs may diverge a little. Hold 
the hand above the elcdrified body ; the legs of the 
eledrometer will come nearer each other. 

Thefe appearances are obferved whether the eledric 
be poiitive or negative. We need not take up time in 
explaining this by the theory, its agreement is fo ob- 
vious. 

Elettr'c Laflly, on this head, if, in place of a fixed conduc- 
needlespo- tor, we ufe one of the needles of gilt card, fet on its 
hrity and pivot, and if we then approach it with another con- 
verticity. dueling body, in the manner represented 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 attradion wbll 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 
fometimes happen that E will attrad the end of C that 
is nearefl to A, and E will be eledrified pofitively if 
A be pofitive. This feems inconfiilent with the theory ; 
and, accordingly, it has been adduced by Volta againft 
Lord Mahon’s account of the eleftrical ftate of a con- 

dudor in a lituation fimilar to that of C. But the theo- 
ry of iEpinus fhews the pofhbility 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 flrongly attraded by the copious 
redundant matter in the near end of E, and is brought 
back again, and pafles over into E, in the way to be 
deferibed immediately The cafe is rare, and it will 
not happen at any confiderable dilla'nce from the neutial 
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 will be left un- 
dercharged on the whole. 

rI he reader, who is at all converfant w’ith eledrical 
experiments, will be fenfible, that thefe experiments are 
delicate, requiring the greateft drynefs of air, and every 
attention to prevent the dilhpation of eledricity during 
the performance. This, by changing the flate of the 
condudors and eledrometers, will frequently occafion 
irregularities. The eledrometers are moll apt to change 
in tins refped, it being fcarcely pofiible to make them 
perfediy linooth and free; from lharp angles. It may 
therefore happen, that when the condudors have af- 
fected them for fame time, by the adion of the dillur- 
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- 
fiances, will know what allowances to make. 67 

The theory obtains a ftiil more complete fupport 
from a companion with fimilar experiments made with 
imperfed condudors. If, in place of the leries A, B, duttors 
C, of metalline condudors, we employ cylinders of greatly cor- 
glafs or lealing wax, or even dry wood or marble, and r°t,e:iate 

eledrometers with lilk threads in place of the rufli-pith t^ie t*ieoI7‘‘- 
eledrometers, we fhaii find all the appearances to be 
fuch as the theory enables us to predid. If, for ex- 
ample, we ufe a fingle cylinder A of glafs, we fliall 
find that the neighbourhood of the tledric 1) fcarcely 
induces any eledricity on A. The eledrometer will 
hardly exhibit the fmallelt attradion, and its motions 
will be almoft 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 circumfiance of theoretical importance is very diltind- 
ly obferved, namely, the gradual fhifting of the neutral 
point. It will be found to advance along the cylinder 
for a very long while, when every circumftance is very 
favourable, the air vei'y dry, and the wood almoil a 
noncondudlor ; and its final lituation will be found 
much nearer to the eltdric tlian in the brafs condudor. 
Several inftrudive experiments of this kind may be 
found in a treatife publiihed 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 fyftem. He fupports the Franklinian fyftem as it 
was generally underfiood at that time ; but is much 
embarraffed for the explanation of the repulfion of ne- 
gative eledrics. The jEpinian corredion of this theory 
did not offer itfelf to his mind. 

We need not go over the fame ground again with irregular 
irnperfed cojidudors. It is well known that fuch bo-ritics. 

dies 
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dies are- more weakly attnr&ed and repelled 5 that the 
balls of an electrometer with linen threads diverge vad- 
ly more when an electrified body is held below it, than 
if the threads are frlken : that fitch ele&rometers fve- 
tjuently exhibit very- capricious appearances from the 
flow but real progrefs of the ele&ricity along the 
threads. Thefe anomalies will be better underftood 
when we explain the diffipation of eledlricity along im- 
perfect conductors. 

Induced e- A very cfiential deduction from the theory is, that 
ledtricity oft|ie electricity induced on an imperfedt conductor mu ft. 
imperfect ^ , fome permanency. This is fully confirmed by 

-is really experiment. But the remarkable inttances ot 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 eleClrieity may always be obferved at the junc- 
tion of the conductors with their infulating (talks. The 
brafs conductor A ceafes to be eleCtric as foon as the 
excited globe is removed; but the very top of the glais 
ftalk on which it is fupported will fenfibly affeCt a de- 
licate electrometer for a long while after. The follow- 
ing pretty experiment fhews this permanency very di- 
ItinCtly. Set one of the fealing- wax needles on its pivot, 
and place it between two infulated metal fpheres of 
eonfiderable file*-at fuch a diftance from both as-not 
to receive a fpark. EleCtrify thefe balls moderately, 
one of them poiitfvely, 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 
whofe 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 eleClrofcope. 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 ether 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 eleCIrified, 
and placed about fix inches afunder, this needle, when 
carried round them, will arrange itfelf exaCfly 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. 

IleJtrical If a thin glafs plate, coated with red fealing wax, be 
meridians. pet on pofitive and negative globes, and we fprinkle 

(from a confiderable 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 becocici 
eleCtrical by poiition, acquires two poles, and the pofi- 
tive pole of one attracts the negative pole of another j 
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 Hate, if a hot brick be held over the plate till 
the wax foften a little, the particles of black wax will 
adhere to the red coating, and give us a permanent fpe- 
cimen ot the aCtion. 

It is well known that liquid fealing wax is a con- 
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 refembling thofe 
of magnetifm. Accordingly he, 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 diftauce 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 feme 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 be near it. While it 
was foftening, it became very fenfibly eleCtrical, cauling 
thefe fibres to bend towards it, and even to cling to the 
tube. We fliall fee by and bye, that he was mi (taken 
in expeCting more remarkable appearances, and that the 
theory, when properly applied, does not promife them. 
Having thus eftablifived (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 comma* 
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 dirni- 
nifhed. 

Although this be one of the tnoft familiar fafts in 
eleCtricity, it will be proper to confider its attending 
circumftancts in a way that conneCts it with what we 
have now learned concerning electricity by pofition. 

Let the infulated body A (fig. 14.) be furnilhed 
with a cork-ball, hanging by a filk thread from a glafs 
ftalk connected with A ; let B be fitted up in the fame 
manner ; let A be eleCtrified weakly, and its degree of 
eleCtricity be eftimated 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 much nearer to it, and that of A drops farther 
from it. If they be now feparated, their electrometers 
will retain their new petitions with very little change, 
and B will now manifeft 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 neareft to A, if A has been undercharged. B 
ads on its eledrometer in confequence of the change 
made in the difpofition of its fluid. The eledrometer 
is attraded. In the mean time, the change made in 
the difpofltion of the fluid in B affeds the moveable 
fluid in A. If A was overcharged, the adjacent fide 
of B becomes undercharged, and its redundant matter, 
attrading the fluid in A, condenfes it in the adjacent 
fide, abftrad'ing 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 diminilhed. 

As there is now an attradion in the redundant fluid 
■in A for the redundant matter on the adjacent fide of 
B, it is reafonable to fuppofe that when this attrac- 
tion, joined to the repulfion of the redundant fluid be- 
hind it, is able to overcome the attradion which con- 
neds 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 confider&ble intenfity. We 
cannot fay what is the precife augmentation that is ne- 
ceflary ; but we can clearly fee, that however great the 
attradion for the adjoining particles may be, while the 
particle is furrounded by them on a// fides, 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 juft about to quit the laft or fuperficial particles of 
A, a much greater force is now neceflary. It can be 
ftridly demonftrated, that when the mutual tendency is 
inverfely as the fquare of the diftance, the action of 3 
particle placed immediately without a fphere of fuch 
matter is double of its adion when fituated in the very 
furface *. A faltus of this kind muft obtain whatever 
be the law of eledric attradion. We (hall fee other- 
caufes allo which fhould prevent the efcape of redun- 
dant fluid, and alfo its admifiion, till the impelling force 
is encreafed in a certain abrupt degree. 

Thefe obfervations muft fuffice at prefent to explain 
the defultory nature of this tranference, if there be 
really a transference. That.this has happened, may be 
confidently inferred from the fudden diminution of the 
eledricity of A, indicated by the fudden fall of its 
eledrometer t but it is more exprefsly eftabliftied, that 
there has been a transference by the change produced 
on B. It is now permanently eledrified, and its elec- 
tricity is of the fame kind with that of A, pofitive or 
negative according as A is poiitive or negative. And 
now we are enabled to explain the third general fad in 
eledricity. 

Prop. III. When a body has imparted eledricity to< 
another, it conftantly repels it, unlefs that other has 
afterwards imparted all its eledricity to other bodies. 
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 ftate; after 

R 1 c 1 T Y. 575 
the transference, both bodies contain redundant fluid, 
or redundant matter; therefore they muft mutually re- 
pel. 

We may now take another form of the experiment, 
which will be much more convincing and inftrudive. 
I.et A be eledrified pofitively, or by redundancy, and 
let its eledrometer be attached to it by a conduding 
{talk, and have a flaxen thread; let this be 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 muft gradually rife, 
divergingyhwz B ; becaufe the fluid condenfed on the 
fide remote from A, and in the eledrometer, will adt 
more ftrongly 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 muft remain at 
that height, nearly, when A is removed. On the other 
hand, the eledrometer attached to the remote fide of 
A muft defeend, by reafon of the change made in the 
difpofition of the lluid in A by the induced eledrical 
ftate of B : and when a confiderabk portion of the re- 
dundant fluid in A pafies into B, the eledrometer of A 
muft fudenly fink much lower, and remain in that ftate 
when B is removed- 

Many circumftances of this phenomenon corroborate Transfer- 
our belief of a real transference of matter. The caufe ence d a 

of eledric adtion refided formerly in A alone ; it now ?e,Cnhar 

refides alfo in B. The larger that B is, the greater is highly^ro- 
the diminution of A’s eledric power, and the fmaller bable. 
is the power acquired by B. It perfedly reflembles, 
in this refped, the communication of faltnefs, fvveet- 
nefs, &c. by mixing a filiation of fait or fugar with 
different quantities of water ; and the evidence of a 
transference of a fubftance, the caufe of eledric attrac- 
tions and repulfions, is at leaft 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 fubjlance pafifes from one body 
to another, and, in its new fituation, exerts its attradions-- 
and repulfions, and produces all their effeds. 

We may deduce.the following corollaries; all of which 
are exadrly conformable to the phenomena, ferving full 
more, to confirm the juftnei’s of the theory. ^ 

x. A certain quantity of what poffeffes thefe powers. Degrees op' 
of attradion and repulfion is neceffary for giving a de- vivacity 
termined vivacity to the appearances. Another fparkTroPor^on'‘ 
mnft pats between the bodies, only if they be brought 
nearer, and their electrometers muff rife and fall.ftill far- impartecL 
ther. For by the firft transference of eledric fluid in- 
to B, the expelling power of A is diminifiied, 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 leaft to 
their former degree. When this addition has been made 
to B, and fhis abftradion from A, their refpedive elec- 
trometers muft be affeded. All this is in perfed con- 
formity to experience. 7. 

2. All the phenomena of communicated eledricity Communo 
muft be more remarkable in proportion to the con-canon,m,0"i: 

duding power of the bodies. A very imperfed con^^coidi'c- 
dudor, tors. 
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du&or, fuch as glafs or fealing wax, will impart or re- 
ceive fluid only between the very neareft parts; whereas 
a metalline body is inftantly affe&ed through its whole 
extent. This dedu&ion is perfe&ly agreeable to the 
whole train of electric experiments. The finger receives 
a ftrong fpark from a large metalline electrified body, 
which difeharges emery part of it ot a portion of its 
electricity. But an excited globe, which fhews, by its 
aCtion on a diltant body, as great a degree of eleftri- 
city, will give only a very fmall fpark ; and it is found 
not to be affed ed at any confiderable diftance 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-conduCtor will 
fuccefiively give fparks, if touched in many different 
parts ; and it may be feen by a nice eleCtrometer, that 
each contaCt takes away the eltClricity only from a 
very fmall fpace round it : and it is further highly de- 
ferving of notice, that fame time after a fpark has been 
obtained from a particular fpot of the eleCtric, a fecond 
fpark may be obtained from it, the eleCtricity ot the 
neighbouring parts having been gradually diffufed 
through it. 

3. If an eleCtrified conducting body touch any thing 
communicating with the ground by perfeCl conductors, 
all its eleCtricity mult 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 
greatefl body that we can eleCtrify, that when the re- 
dundancy or deficiency is divided between them, it mult 
be imperceptible in both. 

Hence the neceffity of infulalion, as it is called, or 
the furrounding by non conductors every body which 
we would have exhibit eleCtrie appearances. We mult 
refer the reader to the article Electricity in the En- 
cycl. for all the obfervations on this head, and the rea- 
fons of preference given to certain fubllancts to be em- 
ployed for infulating fupports. But we muft confider, 
in its proper place, the manner in which the elettric 
fluid is diflipated by imperfeCUy infulating fubftanees ; 
a fubjeCt intimately con netted with the theory. 

4. Any uneleCtrified body will be firil 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, attraCted, comes 
near enough to receive a fpark, or even touches it, and 
is then eleCtrified by communication ; and, in confe- 
quence of tins, it is repelled. This is confirmed by an 
endlefs train of experiments. It was firll taken notice 
of (we think) by Sir Ifaac Newton. Otho Guericke, 
a gentleman of Magdeburgh, to whom we owe the air 
pump, mentions many inftances of the repulfion, but 
did not obferve that it was an univerfal law. Newton 
was fo {truck 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 fu- 
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 faCl is now the 
foundation of many experiments, which the itinerant 
eleAricians vie with each other in rendering very amu- 
iing. We may render them inftruftive. Take away 

the middle conductor B (fig. it.), 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, removeC, and alfo the define D. 
C is found to have the fame eleCtricity with D, and 
A has the oppoiite 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 eleCtric by redundancy, or from C to A it E> was 
undercharged. If inltead of removing C when the vi- 
brations of the ball have ceafed, we bring D a little 
nearer, they will be renewed, and after fome time will 
again ceafe. The reafon is plain. The carrier ball had 
brought the conductor A into a ftate of equilibrium 
with the aCtion of D. But this aCtion is now increa- 
fed, and the elfeCts are renewed, if we row 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 caufe of this is alfo obvious 
from the theory. We may fuppofe A to be negative, 
and C pofitive. One of them will attraCt the ball into 
contact, and will repel it, having put it into an electric 
Hate oppofite to that of the other conduCior. It now 
becomes a carrier of fluid from the poiitive to the ne- 
gative condudor, till it nearly reftore both to their pri- 
mitive Hate of neutrality. 

There is frequently a feeming capricioufnefs in thofe [rre,uiar;„ 
attractions and repullions. A pith ball, or a down fea-tiesfre- 
ther, hung by filk, will cling to the conductor, or other- quern— 
wife eleCtrified body, and will not fly off again, at lea it 
for a long while. This only happens when thole bo- 
dies are fo dry as to be almoff non-conduCtors. They 
acquire a poiitive and negative pole, like an iron nail 
adhering to a magnet, and are not repelled till they be- 
come almoff wholly pofitive or negative. It never hap- 
pens with conducting light bodies. 

5. It fhould follow from the theory, that the eleCtric £|eiqr!C a(.< 
attractions and repulfions will not be prevented by the cion, like 
intervention of non-conduCting fubflances in their neu-gravitation, 
tral Hate. Accordingly, it is a faCt, that the interpo- 
fition of a thin pane-of glafs, let it be ever fo extenfive, tI^e jnter. 
does not hinder the eleCtrometer from being affeCted. pofrtion of 
Alfo, if an infulated eleCtric be covered with a glafsf'on-c<’,u 

bell, an eleCtrometer on the outlide will be affeCted. c*u(i';0iS- 

Nay, a metal ball, covered to any thicknefs with fealing 
wax, when eleCtrified, will affeCt an eleCtrometer in the 
fame way as when naked We cannot fee how thefe 
faCts can be explained by the aCtion of electric 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 muff produce this 
effect by aCting at a diffance on the particles which are 
to form this atmofphere. Of what ufe, then, is the 
atmofphere, even if thofe atmofpheres could effeft the 
obferved motions of the eleCtrometer in confiffency 
with the laws of mechanics ? The atmofpheres only 
fubffitute millions of attractions or repullions in place 
of one. We muft obferve, however, that the motions 

of 
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of the ele&rometer are modified, and fametimes greatly 
changed, by the interpofed non-condu6Hng plate ; but 
this is owing to the ele&ricity induced on the plate. 
If the eledtric is pofitive, the adjacent furface of the 
plate becomes faintly negative, and the fide next the 
eledfrometer {lightly pofitive. This afFefts the eledlro- 
meter even more than the more remote eledlric does. 
That this is the caufe of the difference between the 
ftate of the ele&rometer 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 fmall 
condudting power. This will make fome change in the 
pofition of the eledfrometer. Continue this more and 
more, till the plate will no longer infulate. The chan 
ges produced on the eledlrometer’s pofition will form a 
regular feries, till it is feen to afiume the very pofition 
which it would have taken had the plate been brafs. 
'I 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, fhewing that the 
eledlric adfion is fimilar to gravitation, and that there 
is no more occafion for the intervention of an atino- 
fphere for explaining the phenomena of eledtricity than 

gt for explaining thofe of gravitation. 
Strong e- 6. Since non-eledtrics are conductors, and fince e’ec- 
le&ricity tries may be excited by fridtion with a non-eledtric, it 

cited with- ^°^ows» ^at *f this non-eiedfric be infulated, and fepa- 
out appear- rated from the eledtric, it will exhibit figns of elearici- 
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 diftindtly the man- 
ner in which friction, or the other modes of excitation, 
operate in changing the connection 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 fatisfied with the evidences which we have 
for the exiflence of a fubftance, whofe prefence or ab- 
fence is the caufe of the eledtric phenomena, we mult 
grant that its ufual connedtion with the tangible matter 
of bodies is changed in the adt of excitation, by fridlion, 
or by any other means. In the cafe of fridtion produ- 
cing pofitive eledtricity on the furface of the eledtric, 
we mult fuppofe that the adt of friaion caufes one body 
to emit or abforb 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 
muft be in oppofite Hates, and the one muft 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 exadly covers the other, 
the aflemblage mult be inaaive; for a particle of move- 
able fluid, fituated anywdiere on the fide of the over- 
charged plate, will be as much attraaed by the under- 
charged furface of the remote plate as it is repelled by 
the overcharged furface of the near plate. The fur- 
faces are equal, and equally ekaric, and aa on either 
fide with equal intenfity; and they are coincident. 
Therefore their adions balance. The adion is expref- 
fed by the formula of n° 43 ; namely, F'm' X 2; — z'; 
and z — is = o, by reafon of the equal diftances of 
thefe furfaces from the particle of exterior fluid. 

But let the plates be feparated. Part, and probably 
the greateft part, of the redundant fluid on one of 
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the rubbed furfaces will fly back to the other, being ur- 
ged both by the attradion of the redundant matter ami 
the repulfion of its own particles. But the eledric, be- 
ing tledric becaufe, and only becaufe, it is a non-con- 
dudor, mufl retain fome, or will remain deprived of 
fome, in a ilratum a little within the furface. The two 
plates mull; therefore be left in oppofite Hates, and the 
conduding, or non-eledric plate, if infulated before fe- 
paratipn, muH now exhibit eledric adion. 

All this is exadly agreeable to fad. We alfo know 
that ekdrics may be excited by rubbing on each other; 
and if of equal extent, and equally rubbed, they exhi- 
bit no eledric powers while joined together; but when 
parted, they are always in oppwfite Hates. The fame 
thing happens when fulphur is melted in a metal difli, 
or when Newton’s metal is melted in a glafs difii. While 
joined, they are moH perfedly neutral ; but manifell 
very Hrong oppofite eledricities when they are fepara- 
ted. This completely difappears when they are joined 
again, and reappears on their reparation, even after be- 
ing kept for months or years in favourable circumHan- 
ces. We have obferved the plates of talc, and other 
laminated fofliis, exhibit very vivid eiedricity when fplit 
afunder. 

Attention to thefe particulars enables us to confirud Prindples 
machines for quickly exciting .vivid eiedricity on the(f th5.con* 
furface of bodies, and for afterwards exhibiting it with :r|^.‘^n 

continued difpatch. The whirling globe, cylinder, or machines, 
plate, firfi employed by Mr Haukfbee, for the folitary 
purpofe of examining the eledricity of the globe, v'as 
moH ingenioufly converted by Haufen, a German pro- 
feflbr, into a rapid colledor and dilpenfer of eiedricity 
to other bodies, by placing an infulated prime conduc- 
tor dole to that part of the furface of the globe which 
had been excited by fridion. Did our limits give us 
room, we fiiould gladly enlarge on this fubjed, which 
is full of mofi curious particulars, highly meriting the 
attention of the philofopher : But it might eafily oc- 
cupy a whole volume ; and we have Hill before us the 
moH intereiting parts of the mechanical depaitment of 
eiedricity, and Hiall hardly find room for what is elTen- 
tially requifite for a clear and ulehd comprehenfion of 
it. We muft therefore requtft our readers to have re- 
courfe to the original authorr, who have confideved the 
excitation by frid ion minutely. And we particularly 
recommend the very careful perufal of Beccaria’s Dif. 
fertations on it, comparing the phenomena, in every 
Hep, with this theory of iEpinus. Much valuable in- 
formation is alfo obtained from Mr Nicholfon’s Obfer- 
vations, of which an abftrad is given in the article E- 
lectricity in the Encyclopedia Brilannica. The JE- 
pinian theory will be found to conned many things, 
which, to an ordinary reader, muft appear folitary and 
accidental. 

Seeing that this very. Ample hypothefis of iEpinus Evidences 
fo perfedly coincides in its legitimate confequences with °’1 e ma_ 

all the general phenomena of attraction and repulfion, teralit> 
and not only with thofe that are Ample, but even fuel! 
as are compounded of many others—we may liften, 
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 perfuafive. We 
have (aid that the transference of ekdticity is defulto- 
ry, and that the change made in the eledric Hate of the 

4 com- 
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Snap, 

Spark, and 
heat. 

communicating bodies is always confiderable. It appea. s 
to keep feme fettled ratio to the whole ele&nc 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 in 
proportion. ^Vhen the conductor is very large, the 
fpark is very bright, and the fnap very loud. 

1. This fnap alone indicates fome material agent. It 
is occafioned b.v a fonorous undulation of the air, or of 
fome elaftic fluid, which fuddenly expands, and as fud- 
dcnly collapfes again. But fuch is the rapidity of the 
undulation, that when it is made in dole veffels it does 
not exift long enough, in a very expanded ftate, to af- 
feft the column of water, fupported in a tube by' the 
elafticity of the air, for the purpofe of a delicate ther- 
mometer or barometer ; juft as a mufleet ball will pafs 
through a loofe hanging iheet of paper without caufing 
any fenlible agitation. 

The fpark is accompanied by intenfe heat, which 

Chemical 
effects. 

This is 
therefore 
affumed. 

will kindle-inflammable bodies, will melt, explode, and 
calcine metals. 

3. The fpark produces fome very remarkable chemi- 
cal effedts. It calcines metals even underwater or oil; 
it renders Bolognan phofphorus luminous : It decom- 
pofes water, and makes new compolitions and decom- 
pofitions of many gaziform fluids ; it affedbs vegetable 
colours ; it blackens the calces of bifmutn, lead, tin, 
luna cornea ; it communicates a veiy peculiar fmell to 
the air of a room, which is diftindb from all others; and 
in the calcination of metals, it changes remarkably the 
fmeils with which this operation is ufually accompanied: 
it affefts the tongue with an acidulous tafte; it agitates 
the nervous fyltem.—V/hen we compare thele appear- 
ances with flmilar chemical and phyfiological phenome- 
na, which naturalifts never hefitate in aferibing to the 
adtion of material fubftances, transferable from one bo- 
dy, or one ftate of combination, to another, we can lee 
no greater reafon for hefitating in aferibing the eledfric 
phenomena to the adlion of a material fubftance; which 
we may call a Jluid^ on account of its connedfed mobili- 
ty, and the eleSric jiuid, on account of its diftingnifhing 
efletts. We are well aware, that thefe evidences do not 
amount to demonftration ; and that it is poffibte that 
the eledlric phenomena, as well as many chemical chan- 
ges, may refult/from the mere difference of arrange- 
ment, or polition, of the ultimate particles of bodies, 
and may be confulered as the refult of a change of 
inodes, and not ot things. But in the inftances we have 
mentioned, this is extremely improbable. 

We therefore venture to affume the exiftence of this 
fubftance, which philofophers have called the electricJluid^ 
as a propofition abundantly demonftrated ; and to af- 
firm, on the authority of all the above-mentioned fadls, 
that its mechanical charadter is fuch as is expreffed in 
Mr JEpinus’s hypothefis. 

We proceed, therefore, to explain the moft intereft- 
ing phenomena of eledfricity from thefe principles. 

©iftribu- 
tion of ic 
depends on 
its law of 
adion. 

We have feen that, In a perfedl condudlor, in its na- 
tural ftate, the eledlric fluid is uniformly diftributed, 
and cannot remain in any other condition. We are 
particularly interefted to know how it is diftributed in 
an overcharged or undercharged body, and how this is 
affedled by the eiicumambient non-condudting 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 diflipate from all protuberances, edges, and 
long bodies, and that it is impoffible to confine it in a 
body having very acute far-projecting points; and, what 
is more paradoxical, it is hardly poffible to prevent its 
entering into a body furnilhed with a Ihaip point. The 
fmalleft reflection nmft luggeft to our imagination, that 
a perfectly moveable fluid, whofe particles mutually re- 
pel, even at confiderable diltnnccs, and which is con- 
lined in a veffrl from which it cannot efcape, muft be 
compn-ffed againft the fides 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 
eleCtnc repuliion by an increafe ot diftance. Bhe in- 
tenhty varies in the proportion of tome tunCtion of the 
diftance, and may be exprefftd by the ordinates of a 
curve, on vvhofe axis the diftances are meafured. But 
we are ignorant of this funCtion. We muft therefore Procefs for 
endeavour to difeover it, by obferving a proper folution ^covering 
of phenomena, having made fome approximation to 
this dilcovery, fuch as fhall give rife to ^probable con- 

jeBure concerning the funCtion which expreffes the in- 
tenfity of eleCtric repulfion, mathematics will then en- 
able us to fay how the fluid mult be diftributed (at 
leaft in fome Ample and inftruCtive cafes) in a perfeCtly 
conducting body furrounded by the air, and what will 
be its aCtion on another body. Thus 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 his attempts. 
Thefe were conducted in the moft obvious and fimple 
manner, fuggefted by the reafonings of Mr /Bpinus ; 
and it was with Angular pleafure that, fome years alter, 
he perufed the excellent differtation of Mr Cavendilh in 
the Philofophical TranfaCtions, vol. 61. where he ob- 
tained a much fuller conviction of the truth of the con- 
clufion which he hsd drawn, in a ruder way, from more 
familiar appearances. Mr Cavendilh has, with lingular 
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 relearch in a way ftill more 
refined ; and fupported his conclufions by forr.e of the 
moft valuable experiments that have 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 eftabhfhed 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 fafts then known in elec- 
tricity, has no claim to the more elaborate proofs of the 
fame doftrine, 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 fundfion which the writer apprehends to 
be fufficiently eftablifhed by obfervation. 

The moll unexceptionable experiments with which 
we can begin, feem to be the repulfions obfervable be* 

tween 
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tween two fmall fpheres. Whatever be the law of dif- 
tribution of the particles in a fphere, the general a&ion 
of its particles on the particles of another fphere will 
follow a law which will not differ much from the law 
of adtion between two particles, if the diameters of the 
f'pheres be fmall in proportion to their diflance from 
each other. The inveftigation was therefore begun with 
them. But the fubjedt required an eledfrometer 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- 

8S luable philofophical inftrument. 
Compara- Fig 15. reprefents the eledfrometer in front. A is 
ble ele&ro- a pobfbed brafs ball, ath of an inch in diameter^ It is 

fixed on the point of a needle three inches long, as fieri' 
der as can be had of that length. The other end of 
the needle paffes through a ball of amber or glafs, or 
other firm non-condudting fubltance, 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 flender 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 ftalk DCB of the eledtrome- 
ter. This is formed by dipping a flrong 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 muft be 
kept extended, that it may be very flraight ; and it 
muft be rendered fmooth, by holding it before a clear 
fire. This ftalk is faftened 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 vyide 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 ftalk. The lower part of the ftalk is about three 
inches long, and terminates in a gilt and burnifhed cork- 
bali (or made of thin metal), a quarter of an inch in 
diameter. The upper part CD is of the fame length, 
and paffes through (with fome fridtion) a fmall cork- 
ball. This part of the inftrument 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 perfpedHve view of the 
inftrument. The ball F is fixed on the end of the glafs 
rod FI, which paffes perpendicularly through the centre 
of a graduated circle GHO, and has a knob handle of 
boxwood on the farther end I. This glafs rod turns 
ftiffly, but fmoothly, 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 eleftrometer. The circle 
is divided into 360 degrees; and o is placed uppefmoft, , 
and 90 on the right hand. Thus the index will point 
out the angle wdrich LA makes with the vertical. It 
will be convenient to have another index, turning ftiffly 
on the farfie axis, and extending a good way beyond the 
circle. 

This inftrument is ufed in the following manner : A 
'Connection 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 electrify the balls A 
and B, and then leave them infulated, we have only to 
touch one of them with an eledtrified body. Now, 
take hold of the handle I, and turn it to the right till 
the index reach 90. In this pofition, the line LA is 
horizontal, and fo is CB ; and the moveable ball B is 
refting on A, and is carried by it. Now ele&rify the 
balls, and gently turn the handle backwards, bringing 
the index back toward o, &c. 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 exadt pofition at foparation is afcer- 
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- 
ftrument flill more toward the vertical pofition. The 
balls will now feparate more and more. Let an affill- 
ant turn the long index fo as to make it parallel to the 
ftalk of the eledlrometer, by making the one hide the 
other from his view. The mathematical reader will fee 
that this eledlrometer has the properties afcribed to it. 
It will give abfolute meafures: for by poizing the ftalk, 
by laying fome grains weight on the cork-ball D, tiil 
it becomes horizontal and perfedlly balanced, and com- 
puting for the proportional lengths of BC and DC, we 
know exadtly the number of grains with which the 
balls muft repel each other (when the ftalk is in a ho- 
rizontal pofition), in order merely to feparate. Then a 
very fimple computation will tel) us the grains of repul- 
fion when they feparate in any oblique pofition of the 
ftalk ; 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. 1 he reafon for giving the connedlion be- 
tween A and C fuch a circuitous form, was to avoid all 
adlion between the fixed and the moveable part of the 
eledlrosneter, except what is exerted between the two 
balls A and B. I he needle AF, indeed, may adt a 
little, and might have been avpidfd, by making the ho- 
rizontal axis FI to join with A : but as it was wanted 
to make the inftrument of more general ufe, and fre- 
quently to connea it with an elearical machine, a bat- 
tery, or a large body, no mode pf connection offered it- 
felf which would not have been more faulty in this re- 
fpea. The ueateft and moft poppendious form would 
have been to attach the axjs IT to C, and to make 
CA and CB.ftiff metajiine^wiyes. in the fame manner 
as Mr Brookes’? eleclrpmeter is. made But, as the 
whole‘of their lengths vvopld have acted, this conftruc- 
tioO would have beepyery^improper in. the inveftiga- 
tipi ;of the law of ele^ric lypuHipn. As it now Hands, 
we imagine that it has flppfiderafile advantages over Mr 
Brdokos’? cynftipjAiop,^ pud, al[q over Mr De Luc’s 
,CQnipar«f>le^lcTyDp3ptpr,.|dyfcribpfl in his Effays on Me- 
teorology. It has even advantages over Mr Coulomb’s 
incomparably more delicate electrometer, which is fen- 
fible, and can meafvre repuifipns which do not exceed 
the 50,000 of a grain ; for the inftrument which we 
have deferibed will meaiure the attractions of the oppo. 
fitely eLftrifted, fodies ; a, thing which Mr Coulomb 
could not do without a great circuit of experiments. 
For inftead of nicking the ball B above A, by inclining 
the inftrument to the right hand, we may incline it to 
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the left ; and then, by ekarifying one of the balls po- 
fitively, and the other negatively, when at a great dif- 
tance from each other, their mutual attra&ion will 
caufe them to approach; C13 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 diffipation as much as pofiible, by 
varnifhing all its parts, by having all angles, points, and 
roughneftes removed, and by choofing a dry ftate of the 
air, and a warm room ; and, becaufe it is impoffible to 
prevent difiipatibn 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 naturalill ; and we 
now proceed with an account of the conclufions which 
have been drawn from obfervations made with it. 

Here vve 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 
fuffices to fay, that the writer has made many hundreds, 
with different inftruments, of different fixes, 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 -J-th of the whole force, 
and but few that have deviated TVth. The deviations 
were as frequently in excels as in defeCt. His cuftom 
was to meafure all the forces by a linear fcale, and ex- 
prefs them by ftraight lines erefted 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 ihews, 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- 
when elec- f10n 0f two fpheres, electrified pofitively or negatively, ♦ r.fioH rp>_ r* ‘ C ^ C 

was very nearly in the inverie proportion ot the iquares 
of the diftances of their centres, or rather in a proper- 

tion fomewhat greater, approaching to -7^. No dif- 

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 
eledrometer. Let the ball A be made an inch in dia- 
meter, while B is but ^th of an inch. This greatly dimi- 
nilhes the proportion of the irregular actions of the reft 
of the apparatus of the whole force, and alfo diminifhes 

s the diffipation when the general intenfity is the fame. 
And attract 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 lo 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 w’as in defed as the 
other was in excefs. 

We therefore think that it may be concluded, that 
the aCtion between two fpheres is exaCtly in the invede 

trifled, re- 
pel with a 
force pro- 
portional 
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duplicate ratio of the diftstnee of their centres, and that 
this difference between the obferved attractions and re- 
pulfions is owing to fome unperceived caufe in the form 
of the experiment. 

It muft be obferved alfo, that the attractions and Attra&ionj 
repulfions, with the fame denlity and the fame diftances,^ rePul* 
were, to all fenfe, equal, except in the forementionedQU”|’^eJ* 
anomalous experiments. The mathematical reader wlllqua|dif. 
fee that the above-mentioned irregularities are imper-unces. 
feCtions of experiment, and that the gradations of this 
funCtion 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 
fhall bear but an infignificant proportion to the whole 
quantity. We ffiall attempt this : and it is peculiarly 
fortunate that this obferved law of aClion between two 
fpheres gives the moll eafy accefs to the law of aftion 
between the particles which compofe them; for Sir Ifaac 
Newton has demonftrated (and it is one of his moft preci- 
ous theorems), that if the particles of matter aCt on each 
other with a force which varies in the inverfe duplicate 
ratio of the diftances, then fpheres, confifting of fuch 
particles, and of equal denfity at equal diftances from 
the centre, alfo aCt on each other with forces varying 
in the fame proportion of the diftances of their centres. 
He demonftrates the fame thing of hollow fpherical 
fhells. He demonftrates that they aft on each other 
with the fame force as if all their matter were coliefted 
in their centres. And, laftly, he demonftrates, that if 
the law of aftion between the particles be different from 
this, the fenfible aftion of fpheres, or of hollow fpherical 
ffiells, will alfo be different (fee Principia, I. Prop. 74, 
&c. alfi; Astronomy, Encycl. 307.) _ 89 

Therefore we may conclude, that the law of eleftrlc Electric ac. 
attraftion and repulfiqn is fimilar to that of gravitation,hon is 
and that each of thofe forces diminilhes in the fame pro- ^ ^are 
portion that the fqiiare of rhe diftance between the par-0f t]je dif- 
ticles increafe. We have obtained much ufeful informa-tance. 
tion from this difeovery. We have now full confirmation 
of the propofitions concerning the mutual aftion of twm 
bodies, each overcharged at one end and undercharged 
at the other. Their evidence before given amounted 
only to a reafonable probability ; but we now fee that 
the curve line, whofe ordinates reprefent the forces, is 
really convex to the abfeiffa, and that Z -f- 21 is always 
greater than Z' -f- - ; from which circumftance all the 
reft follows of courfe. 9° . 

Let us now enquire into the manner in which the 
redundant fluid, or redundant matter, is diftributedjnj^ wlien 
bodies; the proportion in which it fubfitls in bodiesrec[Undant 
communicating with each other; the tendencies to or ckficieiii* 
efcape; the forces which produce a transference, &c. &c. 

In the courfe of this enquiry, a continual reference 
will be made to the following elementary propqfition : 

Let ABD (fig. 17.) be the bafe of a cone or pyra- Lemma, 
mid, whofe vertex is P, and axis PC ; and let abtlba 
another feft.ion of it by a plane parallel to the bafe ; let 
thefe two circles, or fimilar polygons, coniift of matter 
or fluid of equal and uniform denfity ; and let P be a 
particle of fluid or matter ; the attraftion or repulfion 
of this particle for the whole matter or fluid in the fi- 
gure ABD is equal to its attraftion or repullkm for 

the 
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Difpofition 
in parallel 
plates. 

When both 
art over- 
charged. 
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the whole matter or fluid in aid. For the attra&ion 
for a particle in ABD is to the attraction for a particle 
fimilarly placed in a 3 t/ as P r2 to PC2; and the number 
of particles in ABD is to that of thofe \n a b d as PC’ 
to Pc2; therefore the whole attraction for ABD is to 
that for a 3 r/ as P c2 X PC2 to PC2 X P c\ or in the ra- 
tio of equality. 

Cor. r. The fame will be true of the aCtion of plates 
of equal thicknefs and equal denlity ; or, in general, 
having fuch thicknels and denlity 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 deniity, and infinitely extend- 
ed, or to a portion of it bounded * y the fame pyramid, 
is the fame, at whatever diflance 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 ftate with precilion what will be the difpo- 
iition and aCtion of the eleCtn'c fluid in bodies ; but we 
{hall feleCt thofe that are moft JnftruCtive, and connected 
with the mofl remarkable and important phenomena. 

Let A a d D (fig. 18.) and E e £ H reprefent the 
feCtions of a part of two infinitely extended parallel 
plates (which we fhall call A and E), con lifting of folid 
conducting matter, in which the eleCtric fluid can move 
without anyobftruCtion,but from which it cannot efcape. 

Firjl, 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 ftrata, A a 3 B and G g h H, 

adjoining to the remote furfaces, in each of which 
. r -f- r the quantity —-— will be crowded together as clofe as 

poflible. 
2. Adjoining to the interior furface (that is, the fur- 

face neareft to E) of the plate A, there will be a ftra- 

-- crowded turn C c d D, containing the quantity 

together. 
3. The adjacent fide of E wull have a ftratum Y. e/Y, 

v ~ ~ ■ s 
juft fufficient for containing the quantity —^— at its 

natural denfity. This ftratum will be entirely exhaufted 
of fluid. 

4. The fpaces B / r C and F/£ G will be in their 
natural ftate. 

For a particle of fluid in the fpace B 3 r C is urged 
• • • • ^ in the direChon a by the force   (n0^!, 3.), 

and in the direftion d a by the force therefore 
it is, on the whole, urged in the direction a d with the 
force j, which will balance the nepulfion of the redun- 
dant fluid in the other plate. A particle of fluid in 
the fpace F/^- G is repelled in the direction h e by ?l 

r -f- j- 
force —^— by the fluid in G ^ £ H, and it is attracted 

in the fame direction by the redundant matter in E e/F, 

R I C I T Y. 
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with the force . Thefe make a force r which ba« 2 
lances the repulfion r of the other plate. No other dif- 
pofition will be permanent ; for if a particle be taken 
out from either ftratum Aa^BorCc^/D into the 
fpace between them, the repulfion from that ftratum 
which it quitted is leffened, and the repulfion of the 
oppolite ftratum, joined to that of the other plate, will 
drive it back again. The fame thing holds with refpeft 
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 
ftate. 

93* 

94 
In the fecond place, let the plates be undercharged, When they 

and let r be the fluid wanting in A, and s the fluid a^e unler" 
wanting in E, and let s be greater than r; then, “ ’ 

1. The ftrata adjoining to A ^ and H b will be 
completely exhaufted of fluid,^ and the redundant mat- 

r -f- J ter in each will be fuch as would be faturated by . 
• 2 

2. The ftraturn C £ D will contain redundant fluid 
s — r 
 , crowded clofe. 

3. The ftratum E ey F will be deprived of fluid, and 
. . J — r the quantity abftra&ed is — -—. 

4. The fpaces B £ r C and Y f g G are in the natu« 
ral ftate. 

The demoriftration is the fame as in the former cafe. 95 
Thirdly, Let A he overcharged, and E underchar- When they 

ged, A containing the redundant fluid r, and E want-^rVnnP' 
ing the fluid s ; and let r be greater than s. Then, 3 CS' 

1. The ftrata A a £ B and G g h II contain the re- 

dundant fluid trowded clofe. 

9*. 

r -j- .f 
2. The ftratum C c d T) contains the quantity —-—1 

crowded clofe. 
3. The ftratum E ey F is exhaufted, and wants the 

r + j 
quantity —-—. 

4. The reft is in the natural ftate. 
Cor. 2. If the redundant fluid in A he juft fufficient 

to fatnrate the redundant matter in E, the two remote 
furfaces will be in their natural ftate, all the redundant 
fluid in A being crowded into the ftratum C e r/D, 
and all the redundant matter being in E ey F. 

This difpofition will be the fame, whatever is the 
diftance or thicknefs of the plates, unlefs 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 prefl^e 
r + J 

preffes their remote furfaces with the force 

would efcape with that force if a paflage were opened. 
It would enter the remote furfaces of two underchar- 
ged plates with the 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 —~ J 

4 * 
If one be overcharged and the other undercharged, 

fluid would efcape from the remote furface with the 
force 

and ten- 
, and dency to e* 

fcape. 
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is not affe&ed by what is more remote from the 

them with the force 
r + x 

They repel or attraft each other with the force r -f- x 
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 fimplett 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 ftratum, bpt mud be denfer near the edges, or near 
the centre, as they are overcharged or undercharged. 

Let ABD (fig. 19.) reprefent a fphere of perfedUy 
conducing matter, overcharged with eleftric fluid, 
which is perfeftly moveable in its pores, but cannot 

■efcape from the fphere. Let it be furrounded by con- 
ducing 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 affeCed by any matter that is without the con- 
centric fpherical furface p q r in which itfeli is fituated, 
therefore not affeCed by what is between the furfaces 
ABD and p q r He alfo demonftrates, that the mat- 
ter within the furface p q r aCs on the particle p in the 
Tame manner as if the whole of it were colleCed in the 
centre C. 

Hence it follows, that the redundant fluid will be 
all conftipated as clofe as poffible within the external 

‘furface of the fphere, forming a fliell of a certain mi- 
nute thickpefs, between the fpherical furfaces ABD 
^nd abd; and all that is within this (that is, nearer 
the centre C) will be in its natural ftate. 

With refpeC to the diftribution of the fluid in the 
Surrounding matter, which we fuppofe to be infinitely 
extended, we mull recolleC that this (hell of conftipa- 
ted redundant fluid repels any external particle of fluid 

.in the fame manner as if all were colleCed 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 fhell 
between the concentric furfaces ABD and « 6 This 
fhell will contain fuch a quantity of redundant matter, 
that its attra&ion for a particle of fluid is equal to the 
repulfion of the fhell of fluid crowded internally on the 
furface ABD. rHl beyond this furface “ /3 ^ will be in 
jts natural ftate ; for this redundant matter a&s on a 
particle of fluid, fituated farther from the centre, in the 
fame manner as if all this redundant matter were col- 
le&ed in the centre C. So does the redundant fluid 
in the conftipated fliell. Therefore their a&ions 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 affedd the fluid in the fphere a b cl 
by Newton’s demonftration. No other difpofition will 
■be permanent. But farther: This undercharged fhell 
muft be completely exhaufted : for a particle of fluid 
placed between ABD and aQ> S will be more repelled 
by the fluid in the crowded fhell within the furface 
ABD, than it is attracted by the redundant matter of 
Its own fliell that is lefs remote from the centre; and 
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centre. Therefore the fluid without the fphere ABD 
cannot be in equilibrio, unlefs the fhell between ABD 
and * M be not only rarefied, but altogether exhaufted 
of fluid. 

If the fphere be undercharged, the fpace between 
ABD and abd will be entirely exhaufted of fluid, and 
there will be a fhell « £ of redundant matter furround- 
ing the fphere. All within abd, and all without 
will be in its natural ftate. It is unneceflary to repeat 
the fteps of the fame demonftration. 

This valuable propoiltion is by the Hon. Mr Caven- 
difh. 

This would be the difpofition in and about a glafs Confequen. 
globe filled and furrounded with an ocean of water,cefof fNs 

and having redundant fluid within it, on the fuppofition 
that glafs is impeni >us to the ele&ric fluid. But it 
would not affedfl an eledlrometer, even fuppofing that 
the movements of the ele&rometer 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 defcribed ; it will be perfedly neu- 
tral in its adtion on any ele&rometer 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 eonftipated fhell within the glafs muft repel 
the fluid in an elettrometer more than the partially ra- 
refied fliell of air, which furrounds the glafs, attrafts 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 ele&ric fluid, or only a fmall quantity, 
becaufe we obferve it inaCHve, or nearly f'o. i00 

Thus we fee, as we proceed, that the JEpiiiian theo-Verified 
ry is adequate to the explanation of the phenomena.the Pher* 
But we fee it much more remarkably in a very familiar 
and amulxng experiment, ulually called the electric Well cx- 
well. See Electricity, Encycl. SeCt. x. 4. plained. 

To fee it in perfection, make a glafs veflel of globu- 
lar fhape, with a narrow mouth, fufficiently wide, how- 
ever, to admit an eleCtrometer fufpended to the end of 
a glafs fod of a crooked form, fo that the eleCtrometer 
can be prefented to any part of the infide. Smear the 
outfide of the globe with fome tranfparent clammy 
fluid, fuch as fyrup. Set it on an infulating ftand (a 
wine glafs), and eleftrify it pofitively. Hold the elec- 
trometer near it, anywhere without, and it will be. 
ftrongly affected. Its deviations from the perpendicu- 
laix (if the ball of the eleCtrometer has alfo been eleCtri. 
fied) will indicate a force inverfely as the fquare 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- 1 

fled. 
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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 aftion 
in every direction. The ele6trometer may be made to 
touch the bottom of the globe, or anywhere not too 
rear 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;id ftrongly repelled. 
Deep cylinders, and all round veffels with narrow 
mouths, exhibit the fame faintnefs of eleCtricity within, 
except near the brims, although ftrongly eleCtric with- 
out ; and even open metal cups have the interior elec- 
tricity much diminiihed. 

EleCtric Reflecting on this valuable propofition of Mr Caven- 
bodies are we fee clearly why an overcharged eleCtric is only 
only fuper- fuperficially fo ; and that this will be the cafe even al- 
ficially fo. though, we attempt to accumulate a great quantity of 

eleCtricity in it, by melting it in a thin glafs globe, and 
electrifying it while liquid, and keeping up the accu- 
mulating force till it becomes quite cold. The prefent 
writer, not having confidered the fubjeCt 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 Cavendilh’s 
differtation. 

Cautions in Thefe obfervations alfo point out a thing which 
certain ex- (hould be attended to in our experiments for difcover- 
penments. -ng t^e ele(^ricJty excited in the fpontaneous operations 

of nature, as in chemical compofition and decompofl- 
tion, congelation, fufion, evaporation, &c. It has been 
ufual to put the fubftances into glafs, or other non- 
conducting veffels, or into vefiels 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 veftel, and the 
apparatus becomes almoft neutral, although there may 
have been a great deal of eleCtricity excited. It will 
be proper to confider, whether the nature of the expe- 
riment will admit of metalline veftels. In the experi- 
ments on metalline folutions, the heft method feems to 
be. to make the veftel itfelf the fubftance that is to be 

roi diffolved. 
Ke&ricity For fimilar reafons we may colleCt, without a more 
more near- minute examination, that bodies of all fhapes, when 

ridfiaUcT' overcharged> will have the redundant fluid much deafer <he furface near the furface than in the interior parts ; and denfer 
than to the in all elevations, bumps, projeefions, angles, and near 
quantity of the ends of oblong bodies ; and that, in general, the 
Waiter. 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. Lay a long 
metal chain in an infulated metal diftx furnifhed with an 
electrometer. 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* 

103. 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 fhould 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, wuth an out- 
ilanding wire, terminated by a large ball, the aCtion of 
the body of the conductor fhould certainly have been 
taken into the account. In fhort, almoft 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 propofitions. 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 reprefentation of the ftate of the fluid in 
the following manner, which will give us a pretty di- 
ftinCt notion how it will aft in moft cafes : 

Let A (fig. 20.) be an overcharged iphere, and BC General 
a conducting cylindric or prifmatic body ; draw he pa-preRnta- 
rallel to BC, and ereCt perpendiculars B C £, P1^difVfition 
&c. to reprefent the equable denfity of the fluid, when J-the fluid, 
the conductor is in its natural ftate ; but let B d, C r, 
P sy &c. reprefent the unequal denfities in its different 
points, while in the vicinity of the overcharged Iphere. 
Thefe ordinates muft be bounded by a line dn 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 tp, 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 on 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 thb 
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 diilances 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 fhali 
confider this a little more particularly in fome cafes 
which will occur afterwards. We may confider the 
Ample ft cafe that can occur ; namely, when the conduc- 
tor is, like a wire, of no fenfible diamster, nay, as con- 
taining only one row of particles. 

Let AE (fig. 21.) be fuch a flfender conducting ca-- In a r'ary 
nal ; and let B C c, E &o. reprefent the denfity flonder ^ 
of the fluid which occupies it, being kept in this ftate 
of inequable denfity by the repulfion for fome over-be aLnoft 
charged body. A particle in C is impelled in the di-equally df 
reCtion CE by all the fluid on the Ade of A, and in the 

direction 
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du'C&Ion CA by all tbe fluid on the fide of E. 
moving force, therefore, arifes from the difference of 
thefe repulfions. 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 
aftion at the diflance CD jointly. Therefore, draw- 
ing (i c E parallel to AE, this force of the element E 

dt . . . 
x, repelling the particle in the will be expreffed by 

diredb’on CA. 
c r* 

If CF be taken equal to CD, the force 
fp . fp • 

of the element at F will be expreffed by — x, or #, 
6 The alfo impelling the particle in the di reft ion C A 

c S* ■ X" joint aftion of thefe two elements therefore is 

If 3 c e were a ilraight line, we fhould have d $ -j-/ r> al- 
ways proportional to r ^ ; and it might be expreffed 
by »z X r ^ ; m being a number exprefling what part of 
c $ the fum of d * andy amounts to (perhaps T

l^th, or 
,^-th, or y^th, See.). But in the cafe expreffed in the 
figure, r/ J does not increafe id fail as 1: J, and f $ in- 
creafes fuller than c <r. However, in the immediate 
neighbourhood of any point C, we may exprefs the 

me $ • 
accelerating force tending towards A by  r *» with- er 

out any fenfible error ; that is, by that is, by 

the fluxion of the area of a hyberbola IID'G, having 
CC' and CK for its affiymptotes ; 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 aaion of the fmaltefl conceivable por- 
tion of the canal immediately adjoining to C on both 
fides, or the difference of the actions of the two ad- 
joining elements, is equal to-the action of all beyond it. 
This fhews, that the ilate of comprefiion is haidly af- 
fected by any thing that is at a fenfible diftance from 
C ; and that the deniity of the fluid, iu an indefinitely 
Bender canal, is, to all feafe, uniform. The geometer 
will alfo fee, that the fecond fluxion of D e/ is propor- 
tional to the force of the diflant body. We learn, 
therefore^ fo much of the nature of the curve l c e.— 
[Coulomb). 

We are now in a condition to examine the commu- 
nication of eleftricity by means of conducing canals 
(which is one of the moil important articles of the flu- 
dy,) having found that the fluid, in a very {lender ca- 
nal, is very nearly of uniform d^nfity 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 condufting canal, 
will alfo be overcharged or undercharged. It is as evi- 
dent, that if a body, in any Hate of ele&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 mofl remote from A, fluid will be 

I07 driven from B into C, or abUfaded from C into B. 
By crooked It is not, however, fo clear, that when the canal 
canals. leads from the fide neardt to A (as in fig. 25.), 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 Cavendifh, referable the 

so6 
Communi- 
cation and 
transfer- 
ence by 
canals. 

T R I G I T Y, 
The running of water in a fyphon by the prefiuve of the air. 

While the repulfion of the redundant fluid in A allows 
the bend of the fyphon neardl to A to retain fluid, a 
current fhould tak- place from B along the (hurt leg, 
in confequence of the iuperior 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 Cavendifh 
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 in 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 adlion of A, be more moved from its place than 
that in the fliort leg ; and therefore will yield to the 
compreffion, which adls tranfverfely, and, by thus yield- 
ing more toward F than toward E, the fluid will rufh 
through the contradled 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- Pnpofal 
ged, fluid will certainly be attradled from C, and pafs fordifeover- 
over the bend into B, however great the adtion of A l"K re,hm- 
may be. Perhaps this may be fo contrived, therefore, t 

as to decide the long agitated quetlion, 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, diminifhes the pofitive eledlricity 
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 electricity of the 
prime conductor is pofitive. We have tried the expe- 
riment, paying attention to every circninilaoee that 
feemed likely to infure fuccefs; but we have always 
found hitherto, that the apparatus was equally affected 
by both electricities. 

We mult nowr confider the aCtion of electrified bo- 
dies on the canals of communication ; becaufe this will 
give us the eafieft method of afeertaining the propor- 
tion in which the expelling fluid is diltribuled between 
them. For when two bouies communicate by a canal, 
and have attained a permanent Hate, we mult conceive 
that their oppofite actions on the fluid moveable along 
this canal are in equilibrio, or are equal. This will 
generally be a much ealier problem than their aCtion on 
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 mofl important of 
the fimple cafes mull fufiice. icg 

Therefore let AC a (fig. 24.) reprefent the edge ofAClionnfa 
a thin conducting circular plate, to which the llender plate on a 
canal CP is perpendicular in the centre. It is required rc^tlll[iea* 
to determine the aCtion of the matter or fluid, uniform- 
ly fpread over this plate, on the fluid moveable in the 
canal PC ? 

1. Required the aClion of a particle in A on the 
fluid in the whole canal? Join AP ; and call CP-v, 
AP y, and AC r ; and let f exprefs the intenfity of ac- 
tion at the diltance 1, or the unit of the fcale on which 

> the lines are meafured. 

109. 

f The aCtion of A on P, in the direction AP, is — 
Sz' 

Thisj 
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This, when efiltrated in the dire^llon CD, is reduced 

Therefore the 
^ SG X 

toX —; and is therefore ~ 
y* y _ ( 

J y 
fluxion of the adtion, tn the direftion CP, on the whole 

S- To find the a&ion of the plate on the whole ee. 
lumn ? 

5&S 

x\ . 
- ) DC, 
y J 

canal, is/ x — f~~ (becaufe x :y zz y : x) z 

— i 

/X 

The variable part of the fluent is , and 
y' y 
the complete fluent is = f (C—J-V where C is a con- 
n y / 
ttant quantity, accommodated to the nature of the cafe 

x x 

The fluxion of this mull be =: 2 f a X (i 

J f a (* — -—j, or 2/a X ( x —y') ; becaufe v =3 

Hi 
2. On the 
whole ca* 
nal. 

y 
The fluent of this has for its variable part 2 f a 

be 

Now, the adlion mull vanilh when the canal vanilhes, or 

when « ” o, and y zz r. Therefore C —— ~ o, and 
t r 

C = —; and the general expreffion of the adlion is / 

added, 
~ o ; that 
^ ~ o, and 
2fa (x -f- 

^ ^ ^5 =:/‘-1 -> exprefling the action of a par- 

ticle in the circumference of the plate on the fluid in 
•the whole canal CP. 

2. Required the a&ion of the plate, whofe diameter 
IIO is A a, on the particle P ? 

1. On a fin- Let a reprefent the area of a circle, whofe diameter 
rrlp gle particle ;0 __ I( Then a r2 is the area of the plate, and zarr 
in the ca 
nal. is the fluxion of this area: becaufe r :y = y :r, 2 art 

is = zayy. Therefore the fluxion of the a&km of 

the plate on the particle Pis f X 2 a y y X ~ zz 2 fa 

*xi ^ 
y 
2 f a x X 

The fluent of this has for its variable part 

—(for when the particle P is given, * does 
y 

not vary). This is = 2/a X To complete this 

fluent, we mull add a conftant quantity, which fhall 
make the fluent o when the particle P is at an in- 
finite diltance ; and therefore when x — y. Therefore 

~ — - =0, on — - =r o, or C =: 1 
y y y 

and the com- 

plete fluent for the whole plate is 2fa (1 fN 
™ .   y/ m. T. he meaning of this expreffion may not occur to the 

reader : For 1 — — is evidently an abftradl number; fo 

is a. Therefore the expreffion appears to have no refe- 
rence to the fize of the plate. But this agrees with the 
obiervation in n°gi. where it was fiiewn that, provided 
the angle of the cone or pyramid remained the fame, 
the magnitude of the bafe made no change in its at- 
tradlion or repulfion for a particle in the vertex. 

It will appear by and bye, that 1 — — is a meafure 
y 

or funftion of a certain angle of a cone. 
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 

lion is = 1, whatever is the diftance (fee n° 91—93.) 
Therefore, when x is very fmall in comparifon of r, and 

confequently of yf 1 — ^ is very nearly — 1. 

Suppl. Vol. I. Part II, 

X (x —_y). A conftant quantity muft 
which ftiall make it =3 o when the column 
is, when y zz r, and x z= o ; that is, C — 
C zz r. Therefore the complete fluent is = 
r—y. 

Thus we have arrived at a moft Ample expreffion ofOeometri- 
the attradtion or repulfion of a plate for fuch a column,*/ expref. 
or for portions of fuch a column. And it is moft ea-‘!0nof che^ 
fily conftrufted geometrically, fo as to give us a fenfibie^10"8* 
image of this aftion of ealy conception and remem- 
brance. It is as follows: Produce PC till CK rr CA, 
and about the centre'? defcribe the arch AI, cutting 
Civ in I. I hen 2f a X IK. is evidently the geometri- 
cal expreffion of the attradlion 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 defcribing the arch A< round the 
centre p, we have 2/ a Xt K for the aftion of the plate 
on the fmall column C/; and zfaX li is the a&ion 
of the plate on the portion Fp. 

The general meaning of the expreffion zfaXlK is, 
that the aftion of the whole plate on the column PC 
is the fame as if all the fluid in the cylinder a X 2 IK, 
were placed at the diftance 1 from the acting par- 
ticle. 

From this propofition may be eafily deduced fome 
very ufeful corollaries by the help of the geometrical 
conftru£lion. 

I. If PC be very great in comparifon with AC, the *14. 
adlion is nearly the lame 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. 

J. If, ill addition to this lad condition, another co-t "fanl. 
lumn p C be very fmall in comparifon of AC, then the corollary, 
adlion on PC is to that on C very nearly as C to 
AC. For it will appear that i K : IK r= /> C : AC very 
nearly. It is exadtly fo when CP : CA =r CA ; C $ ; 
and it will always be in a greater proportion than that 
of/>C to IK. 

_ This will be found to be a very important obferva- 
tion. 

JTbc redundant fluid lias Hitfierto been Aippofed 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 aSion on the fluid in the canal will A4t",f of 

te/o ('•-7)' For the area of the plate is nr-, andfe'eS", 
A E the 

a cana!. 
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the action of a particle in the circumference on the 

whole canal was (hewn (n° 109.) to be_/" — j. There- 

fore the action of the whole fluid crowded into the cir- 

cumference isfar^X. ~ f a r^-   I*- may 
ry y 

be reprefented as follows: Defcribe the quadrant C £ BE, 
cutting AP and Ap in B and b* Draw BD and b d 
parallel to PC. Then PB =: — fy and DC — r 
y r. Therefore the aftion is reprefented by/mul- 

R I C I T Y. 
ed at K on the column CP, is eafily had by taking 
C / = KP. It is equal to the action of the fame fluid 
placed in A on the column C /. 

Cor. z. The action of all the fluid uniformly fpread, 
exerted on the column CP, is to the adtion of the fame 
fluid colledted in K, exerted on the column CL, as 
2 IK to CD. 

If the column CP is very great in proportion to AC, 
the half breadth of the plate, the adtion in the firft cafe 
is very nearly double of the adtion in the other cafe, 
and is exadtly in this proportion if CP is of infinite ex- 

1 iif 

123. 

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 C, and D d the height corre- 
fponding to Pp. 

117. Cor. 1. 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 a&ion 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 x. 

2. On the other hand, when the column p C is very 
fhort, the adtion of the fluid fpread uniformly over the 
olate is to its adtion, when crowded round the circum- 
ference, nearly in the ratio of 4 AC to/>C. For thefe 
adtions are in the ratio of 2 f a Y. i \.o if a Y d 0, or 
as 2»Kto^/C, or nearly as 2/>C to dO, or more 
nearly 2 b d to dC. But Q, d \ b d b d \b A</, 
or nearly — b d ’. 2 C A. Therefore C d lb d ~ p Q, 
4 CA nearly. 

119. Hence we fee that the adtion on fliort columns is 
much more diminiflied 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 Hate of uniform dillribution over its furface ; 
and that the odds will be greater when the canal is 
fhort. 

Equivalent Lajlly, on this fubjed. If KL be taken equal to 
centre of AP, or PL be equal to KI, the repulfion which all the 
addon. in the plate, colledfed 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 
adtion of a particle in A, on the whole column PC, 

when eftimated in the divedtion PC, is ^and it 

is well known that the adtion of a particle in K for the 
1 1 1 1  y — r 

~~ KL’ 01 " ' 
column CL is There- 

KC Jk-L. r y y 1 
fore the adtion of the whole fluid, colledted in the cir- 
eumference, on the column CP, is equal to that of the 
fame fluid, colledted in K, on the columns CL. 

isi. Cor. 1. If the column CP is very long in proportion 
to AC or KC, the adtions of the fluids ia thefe two 
different fit nations are very nearly the fame. The ac- 
tion of the fluid colledted in K exceeds its adtion when 
colledted in A only by its adtion on the fmall and re- 
mote column LP. The adtion of all the fluid colledt- 

tent. 124 
Cor. 3. If CNO be a fpherical furface or {hell of the A&ion of a 

fame thicknefs and diameter as the plate A a, and con' or 
taining redundant fluid of the fame uniform denlity, the^t^ 0’r fQ. 
adtion of this fluid on the column CL is double of the lid, on the 
adtion of the fluid uniformly fpread over the plate on canal» 
the column CP, and quadruple of the adtion of the fluid 
colledted in the circumference : for the adtion is the 
fame as if all were colledted 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 adtions of dif- 
ferent plates or fpheres on the canals. 1*5 

If two circular plates, DE, de (fig. 25.), or two A&ion of 
fpherical {hells, ABO, a bo, of equal diameters andtvvo Plate,» 
thicknefs with the plates, and containing redundant arc 
fluid of equal denfity, communicate with infinitely ex-astheir’dia« , 
tended ftraight canals OP, op, pafling through theirmeters, 
centres perpendicular to their furfaces, alfo containingwhetl the 1 
fluid uniformly diitributed and of equal denfity—the | 
repulfions will be as the diameters. For the repulfion long> ' 
of the fpherical furfaces is the fame as if all the fluid 
were colledfed 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 Ipheres. But 
becaufe the repulfion of a plate whofe radius is r was 
{hewn to be =: 2 £ X r :c —y, and when the column 
is infinitely extended, x is equal toy, and r x —y 
— r, it follows, that the repulfions of the plates are as 
2 X R and 2 a Y r, or proportional to their diameters. 
Therefore the repulfions of the fpheres are in the fame 
proportion. 

Cor. 1. If the canals are very long in proportion to 126. 
the diameters of the plates or fpheres, the repulfions are 
nearly in the fame proportion. l2y 

Cor. 2. But as the lengths of the canals diminifli, the The pro- : 
repulfions approach to equality ; for it was {hewn, that portion of 
when the canal was very fmall, the repullion was to 
that for an infinite column as the length of the canalto min;{iied if 
the radius of the plate. Therefore if the radius of theche canals 
greater plate be (for example) double of that of theareftiort. 
fmaller, and the little column be V^th of the radius, it 
will be -r^-th of the radius of the {mailer plate. Now 
-y’oth 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 
direftly, and as the fquare of the radius inverfely ; but 
when the denfity is the lame in both {hells, 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 
fliells be invevfely as the diameters, the repulfions for an 

infinitely 
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nt infinitely extended column of fiuid are equal; for each 

Actions of repels as if all the fluid was colle&ed in the centre. 
Therefore, if the denfity, and confequently the quan- 

the denfity t>ty> be varied in any proportion, the repulfion will vary 
beinverfely in the fame proportion. The repulfions will now be 
as the dia- j r 
meters; as CO X to c o X —, or in the ratio of equality. 

129 CO -co 1 } 

Or if the Cor. 4. When the quantities of redundant fluid in 
quantity of two fpheres are proportional to their diameters, their 

fiuicTbe as rePubions for an infinitely extended canal are equal : 
thediame- f°r ^ this redundant fluid is conflipated in the furfaces 
tors. of the fpheres, as it always will be when they conlill of 

conducing matter, the denfities are as the diameters in- 
verfely, becaufe the fut faces 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 nonconducting matter it mav be different- 
ly difpofed, in concentric fhells of uniform denfity. 
This makes no change in the aftion on the fluid that 
is without the fphere, becaufe each fhell adts on it as if 
it were all collefted in the centre. Therefore the re- 
pulfions are {till equal. 

ijqJo' Cor. 5. Two overcharged fpheres, or fpherical fhells, 
fpheres OAB, out (fig. 26 ), communicating by an infinitely 
overchar- extended canal of conducing matter, contain quanti- 
sed in this ties of redundant fluid proportional to their diameters ; 
are inTqui-^or t^e'r a^ons on the fluid in the interjacent canal 
librio if be in equilibriq, and therefore equal. This will 
communi- be the cafe only when the quantities of fluid are in the 
canny by apr0pOrljon 0f 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. 

131. Cor. 6. When the fpheres of conducing matter are 
thus in equilibrio, the preffures of the fluid on 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 a&ions being mutual. Now this is proportional to 
the quantity of redundant fluid direftly, and to the 
fquare of the diftance from the centre inverfely, that is, 
to the diameter dire&ly, and to the fquare of the dia- 
meter inverfely, that is, to the diameter inverfely. 

Tendency Hence it follows, that the tendency to efcape from 
of the fluid the fpheres is inverfely as the diameter, all other cir- 
to efcape is cum(tances being the fame: for in as far as the efcape 
-/-proceeds from mere ele&ric repulfion, it, muff 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 eledhic fluid, and its influx into bodies : 
we are ignorant how far, and in what manner, thefe 
operations are affe&ed by diftance. Bofeovich fhews 
moft convincingly, that the a&ion 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 feme of thofe chemical operations that accom- 
pany, and perhaps occafion, the efcape of the ele&ric 
fluid. If this be the cafe (and it is demonjlrable to be 
poffible, if the operations of Nature be owing to attrac- 

tions and repulfions), the efcape mjl be defultory. It 
is actually io ; and this confirms the opinion. 

5s 7 

The public is indebted to Mr Cavendifli for the pre- 
ceding theorems on the a&ion of fpheres and circular 
plates. He has given them in a more abftradf and ge- 
neral form, applicable to any law of ele&ric a&ion 
which experience may warrant. We have accommo- 
dated them to the inverfe duplicate ratio of the dif- 
tances, as a point fufficiently eftabliflied ; and we hope 
that we have rendered them more fimple 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 eft‘e& on the difpofition or pro- 
portion of the fluid in the plates or fpheres. 

It may be thought that the laft corollary, refpe&ingThlspropo. 
the equilibrium of two fpheres, is not agreeable to hy-fmonagrees 
droftatical principles, which require the equality of thewith 

two forces which balance each other at the orifices of^™^atlcal 

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 obje&ion, if the compreffing forces a&ed on- 
ly on the extremities of the canals ; but they a& on 
every particle through their whole length. It is not, 
therefore, the preffure- at one end of the canal that is 
in equilibrio with the preffure at the other end, by the 
interpofition of the fluid. It is the preffure at one 
end, together with the fum of all the intermediate pref- 
fures in that dire&ion, that is in equilibrio with all the 
preffure in the oppolite dire&ion. The preffures at the 
ends are only parts of the whole oppofite preffures ; 
they are the firft in each account. In this manner 
a {lender 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 the air of the ball below be made fo 
elaftic by condenfation, that its oreffure on the lower 
orifice of the pipe exceed the preffure 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 
a&ion of gravity on each particle of 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 per.fe& confiftency with the 
laws of hydroftatical preffure. 

Mr Cavendifti has purfued this fubje& much farther, 
and has conlidered the mutual a&ion 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 propofitions, we fc- 
le&ed thofe which were elementary and leading theo- 
rems, or fuch as will enable us to explain the moft im- 
portant phenomena. They are alfo i'uch, as that the 
attentive reader will find no difficulty in the inveftiga- 
tion of thole which we have omitted. 

Mr Cavendifh’s moft general propofition is as follows: cJier* 1 
When an oveichaiged body communicates, by a ca-propofition 

nal of very great length, ftraight or crooked, with twowilh re' 
or more fimilar bodies, alfo at a very great diftance the 

from each other, and all are m ele&ric equilibrium, and communi- 
4 E 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 
lame manner, their degrees of ele&ricity are fuch, that 
no fluid will pafs from one to the other, their mutual 
aftions on the fluid in this canal being alfo in equtlibrio. 
He brings out this by induction and combination of 
the Angle cafes, each of which he demonftrates by means 

T of the following theorem ; 
It ismdif- The aAion of an overcharged fphere A€B (fig. 25.) 
ferent whe- on the fluid in the whole of a carial d f P that is ob- 
ther the ca-jjqUe) tencJing to impel the fluids in the direftion of 

i>al M nr t5iat canal» is eqqal to its a&ion on the fluid in the 
crooked, 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 r/, and the 
concentric arches h f, i d, cutting/C in g ; and draw 
g e perpendicular to f d the force adting on i h, impel- 
ling it toward P, may be reprefented by h i. The 
fame force adting on df, in the direction c f, muft there- 
fore be expreffed by g f. This, when eftimated in tne 
diredtion of the canal df, is reduced to ^/; .but it is 
exerted on each particle of d/. Now df: g f ■= gf: 
e/, and dfXef=zgf2, =: g f X b i therefore the 
whole force on df, in the diredtion d/, is equal to tlm 
force on t h, in the diredfion i h. Hence the truth of 
the propofition is manifelL 

We beg the curious reader to apply this to the cafe 
in hand, and he will find that the moft complicated 
cafes may all be reduced to the Ample ones which we 
have demonllrated to be ftridfly true when the bodies 
are fpheres or plates, and the canals inAnitely 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, wdiich includes all the moft 

134 remarkable phenomena of eledlricity. 
Curious Let HK, AB, DF, and LM (Ag. 27.), be four 
and very paraUe] and equal circular plates, two of which, HK 

cafe°of^ouran<^ AB, communicate by a canal GC of indeAnite ex- 
platee. tent, joining their centres, and perpendicular to their 

planes ; let DF and LM be connedled 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 eleftric fluid in the plates 
which will make this condition of HK and LM pof- 
£ble and permanent, every thing being in equilibrio ? 

The plate HK being overcharged, and communica- 
ting with AB, AB muft 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 fliall Arft fuppofe that 
the redundant fluid is uniformly fpread over the furfaces 
of both. 

When the plates FIK 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. It 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 diminilh 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 aft on the fluid in the canal GC, and 
abftraft it from G ; therefore fluid will come out of 
HK into AB. FIK will be lefs overcharged than be- 
fore, and AB will be more overcharged. But the now 
increafed quantity of redundant fluid in AB will aft 
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 aft 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 
now, 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 conAderations which 
determine thefe proportions are, xjl, The repulAon of 
the redundant fluid in AB, for the fluid in the canal 
EN, muft be precifely equal to the attraftion of the re- 
dundant matter in DF for the fame fluid in the canal 
for LM, being faturated, is neutral. 2d, The repul- 
Aon of the redundant Auid in HK, for the whole fluid 
in the canal GC, muft balance the excefs of the repul- 
Aon of the redundant fluid in AB above the attraftion 
of the redundant matter in DF for the fame. 

Let the redundant fluid in AB be == f. 
the redundant matter in DF = m. 
the redundant fluid in HK rr F. 

Becaufe HK and AB are equal, there can be no 
doubt but that the fluid in thofe plates would be Ami- 
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 afting 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 Ihew that the difpofition 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 aftion. Affuming therefore this fimilarity of 
diftribution, it follows, that their aftions on the fluid 
in the canals will be fimilar, and nearly proportional to 
their quantities. 

Therefore let 1 be to « as the repulAon 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 aftion of AB on EN is/X n— 1, and 
the aftion of DF on EN is m n \ therefore, becaufe 
the plate LM is inaftive, the aftions of AB and DF 
on EN muft balance each other, andfXn-—l zzmn, 

n — I 
and m =z f Y, n The 
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The r'epulfion of/for the fluid in CG is f n. The 

attvaftion of m for it is w X n — i ; and becaufe m 
n — i 

zz/X , the attraction of m for the fluid in CG 

is / X ^^ X n i. Therefore the repulfion of / 

is to the attraction of m a>s f n to fX U- or as 

/n* to/X n — i ", or as to n — i . Call the repul- 
fion off r, and the attraction of m a. 
We have r : a z= n2: n — / 
and r : r — azzn1 in1 — (« — I )2 = : 2 « — I. 

Therefore, becaufe the repuliion of F is equal to this 
excefs of r above a, we have ri1 : 2 n i ~ /: F, and 
„ 2 «   I Kz 

F = f s—, or/= F . Therefore, if «2 is 

much greater than 2«— 1, the quantity of redundant 
fluid in AB will be much greater than the quantity in 

*35 HK< 

Prodigious Now, when the eleCtric aCtion is inverfely as the 
Kcumula- fquare of the diltance, and EC is very fmall in compa- 
tion of re- rjf0n wjth AC, we have feen (n° 115.) that 1 : n near- 

a jL A. V. ' ly =: CE tCA, or that n is nearly When this is 

the cafe, and confequently n is a confiderable number, 
n* «2 

we may take the number  or  without any 1 2n in — I 1 

dundant 
luid 

2 n 

*3^ 

great error. In this cafe / is equal to F X — very 

nearly. Suppofe CA to be fix inches, and CE to be 
a'^th of an inch ; this will give n = 120, and/ == 6o F ; 

or, more exaftly, F = ■ - ; = 6o|. 

If, inflead of the plate HK, we employ a globe of the 
fame diameter, f will be but half of this quantity, or/ 

= F X “ (ll0l23, 124.) 
And evacu- It alfo appears, that when the plates AB and DF 
acion: are very near to each other, and confequently ;z a large 

number, the deficiency in DF is very nearly equal to 
the redundancy in AB. In the example now given, 

m ‘s ifof/’ being =/*«—«• 

Vetnovery Yet this great deficiency in DF does not make it 
fenfible a^-eleCfrical on the fide toward EM. It is juft fo much 
pearance. evacuated that a particle of fluid at its furface has no 

tendency to enter or to quit it. 
Daftly, this great quantity of fluid collected in AB 

does not render it more eleCfvical 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 diftributed with perfeft uni- 
formity; nor is the fluid uniformly fpread over the fur- 
face of the plates. He will alio fee, that the reaf itate 
of things, as they occur in our experiments, tends to 
diminilh the great difproportion which this imaginary 
ftatement determines. But when the canals are very 
long in comparifon with the diameters of the plates, 

R I C I T Y. jS<) 
and AB is. very near to DF, the difference from this 
determination is inconfiderable. We (hall note thefe 
differences when we confider the remarkable phenomena 
that are explained by them. 

In the mean time, we (hall juft mention fome Ample 
confequences of the prefent combination of plates. i^g 

Suppofe AB touched by a body. Eledfric fluid will Method 
be communicated ; but by no means all the redundant ?f dcil.roy~ 
fluid contained in AB : only as much will quit it as’"!^ aCc.a 
will reduce it to a neutral ftate, if the body whichmulati m 
touches it communicates with the ground ; that is, till 1. By de- 
the attraction in the redundant matter in DF attraCtsSre£8 > 
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 np longer neutral ; for the repulfion of 
AB tor the fluid in EN is now diminilhed, and there- 
fore the attraction of DF will prevail. If we riow 
touch DF, it may again become neutral with refpect 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 z. aikat 
way. Suppofe a flender conducting canal aid broughtonce' 
very near to the outfides of the plates, the end a betng 
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 a, whiclj will ftrongly 
attiaCt the redundant fluid from A, and a mav receive 
a fpark. But the confequence, cyen of a nearer ap- 
proach of the fluid to the outward; furface of A, will 
render the correfponding part ,of, X)F more attraCjtive, 
and the retiring of fluid from a along a b will pufh 
fome of its natural fluid toward d; and thus A becomes 
more dilpofed to give out, and a to take it in, while d 
is difpofed to emit, and D to attraCD Thus every cir- 
cumftance favours the paffage of the whole, or almoft 
the whole, redundant fluid to quit AB at A,, to go 
along a b d, and to enter into DF at D, I4,. 

It is plain that there muft be a ftrong tendency in The plate* 
the fluid in AB to go ipto DF, and that the platesftron^ly at-- 
muft ftrongly attraCt each other. A particle of fluideach 

iituated between them tends toward DF with a force,°lher* 
which is to the foie repulfion of AB nearly as twice 
the redundant fluid in it to what it would contain if 
cleCtrified to the fame degree while {landing alone. 

With this particular and remarkable cafe of induced ; 

eleC^ricity, we fliall conclude our explanation of Mr 
JSpinu.s’s Theory of jEleCtric Attraction and Rupulfion. 
The reader will recolleCt, that we began the conficle- 
ration of the difpofition of the oleCtric fluid in bodies,, 
in order to deduce fuch legitinpate confluences of the 
hypothetical law of aCtion as we cpuld compare with 
the phenomena.. 

Thefe comparifons are abundantly fupplied by the Method'of 
preceding paragraphs, particularly by n? 74, 75, 76;examining 
by 11° 1,30, and by n° 134. the validity, 

Let a fmooth metal fphere be eleCtrified pofitivelyof this thti“ 
in any manner whatever, and then touch it with a fmaU°iy’ 
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one in its natural ftate. 
between them in a proportion which the theory deter- 
mines with accuracy. By the theory alfo the redun- 
dant fluid in both ads as if collefted in the centre. 
Therefore the proportion of the repulfions is determi- 
ned. Thefe can be examined by our ele&rometer. 
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 aftion. Therefore obferve the eleftrometer, 
as it is affe&ed by the ele&rified body, both before and 
after the communication. This will give the pofitions 
of the eledlrometer which correfpond to the quantities 
2 and i. * . 

Graduation Take off the ekaricity of one of the balls by tonch- 
ofele&ro- ing it, and then touch the other ball with it. This 
meter. w;il reduce to 4- the original quantity 4> and therefore 

to ^th of the original quantity. This will determine 
the value of another poiition of the eledfrometer. In 
like manner, we obtain ^th, Tyth, &c, &c. Then, by 
touching a ball containing i with a ball containing 4? 
we get a pofition for 4, See. 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 examit ing his eleCtrometer, not having then 
feen Mr Cavendifh’s diflertation, which gives another 
mode of meafurement. He had the fatisfaCtion of ob- 
ferving, in the firfl place, that the pofitions of the in- 
ftrument, which unqueftionably indicated 1, 4, L &c. 
were precifely thofe which fhould indicate them if elec- 
tric reputfion be inverfely as the fquares of the diflances. 
Having thus examined the eleCtrometer, it was eafy to 
give to balls any propofed degree of eleCfricity, and 
then make a communication between balls of very dif- 
ferent diarpeters. The eleCtrometer informed us wdien 
the repeated abftraCtions by a ftnall ball reduced the 
eleCtricity of a large ball to 4, 4, &c. 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 inverfe duplicate ratio of 
the diftances. 

143. Long after this, Mr Cavendifli’s inveftigation point- 
ed out the proportion of the redundant ekCtric fluid in 
balls of different fizes joined by long wires ; in n° 130, 
See. thefe were examined—and found to be fuch as were 
fo indicated by the eleCtrometer. 

144. And, laflly, 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- 
merit. The argument wfas no lefs fatisfadory 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 thole mentioned in the preceding para- 
graphs. Thefe circumflances are among the molt curi- 
ous and important in the whole fludy, and will be con- 
fidered in their place. 

143 re^ therefore with confidence on the truth of 
Tbp \?wnfthe law of eleCtric aCtion, affumed by us as a principle 
eledric ac-of explanation and inveftigation. It is quite needlefs 
tkn weft ancj unprofitable to give any detail of the numerous 
determi- experiments in which w’e confronted it with the pheno- 

mena. 1 he fcrupulous reader will get ample fatisfac- 

electricity. 
The redundant fluid is divided tion from the excellent experiments of Mr Coulomb 

ned. 

with his delicate eleClrometer. He will find them in the 
Memoirs of the Academy of Sciences of Paris for 1784, 
1785, 1786, and 1787. Some of them are of the fame 
^ind with thofe employed by the writer of this article -, 
others are of a different kind ; and many are direCled 
to another objed, extremely curious and important in 
this ftudy, 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 muft bring it to an end, by explaining fome 
very remarkable phenomena, namely, the operation of 
the Leyden phial, the operation of the eleCtrophorus, 
aud the diflipation of eleCtricity by (harp points and by 
imperfeCt conductors. H6* 

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 />/us and minus eleCtricity, efpecially after the 
valuable difeoveries of Mr Symmer and Cigna. A fe- 
rious confideration of thefe general facts Would have 
led to the theory of coated glafs ahnoft at its firft ap- 
pearance. But the hiflorical faCt was otherwife; and a 
confiderable time elapfed betwen the firfl. experiments 
with charged glafs by Klciil, and the clear and fatif- 
faCtory account given by Dr Franklin, of all the effen- 

. tial parts of the apparatus, and the probable procedure 
of nature in the phenomenon. The impermeability of 
glafs by the eleCfric 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 oi 
ekCtric fluid, and that a certain quantity of it refides 
naturally in all bodies in a (late of uniform diftribu- 
tion, and, in this (late, produces no fenfible effeCt. 
This was, in his hands, the inlet to the whole fcienct ; 
and the greateft 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 fall as one fide of a glafs plate 
was eledrified politively, the other fide appeared nega- 
tive, and that, unlefs the eleCtricity of that fide was 
communicated to other bodies, the other iide 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- 
(ons, as much as for 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 
jullly confidered as the author of this department of 
natural fcience. "Whatever credit may be due to the 
chemical fpeculations of De Luc, Wilcke, Winkler, 
and many others, who have attempted to affociate elec- 
tricity with other operations of nature, by refolving the 
ekCtric fluid into its conllituent 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 adion of the compound itfelf: yet all feem 

to 
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to content themfelves with a vague and indiftinft no- 
tion of this preliminary ftep, and have allowed them- 
felves to fpeak of eleftrical atmofpheres, and fpheres of 
activity, 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 conduct. When he difcovered 
that tire planets attra&ed each other in the inverfe du- 
plicate ratio of the diftances, and that terrellrial gravity 
was an inftance of the fame force, and that therefore 
the deflexion of the earth was the effedf 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 
efledt of the accumulated atfraftion in the abovemen- 
tioned proportion. 

M7* Mr jEpinus has the honour of firft treading in the 
fleps of our illuftrious countryman ; and he has done 
it with fingular fuccefs in the explanation of the phe- 
nomena of attradhon and repulfion, 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 produdfion of effcdls which feemed to exceed the 
limilar effedls 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 
Wilfon’s experiments in the pantheon are therefore pre- 
cious, by (hewing that nothing was wanted for the 
produdfion o.f all the effedls of the Leyden phial but a 
furface fuffieiently extenfive for containing a vaft quan- 
tity of fluid, and fo perfcdlly condudling as to admit 
of its fimultaneous and rapid transference. Therefore 
we affert that one of the chief merits of Mr iEpinus’s 
theory is the fatisfadlory explanation of the accumula- 
tion of this vaft quantity of fluid in a ftnall fpace. We 
truft, therefore, that our readers will perufe it with 
pleafure. But we mult 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 hypothefis is ade- 
quate to the accounting for any degree of accumulation 
whatever. This he does in that part of his work which 
contains the formulae of n° 38, 39, 40, 41, otc. And 
lie afterwards (hews, that all the phenomena of attrac- 
tion and repul lion which are obierved in the charged 
jar are precifely fuch as aite neceffary confequences of 

i48 his thc,ory- 
Theory of L *s to the Hon. Mr Cavendifn that we are indebt- 
charged ed for the fatisfadlory, the complete (and we may call 

pleted°by* 1(; ^ popular), explanation of all the phenomena. 
Mr Caven-^ormi'nff t0 the ^ame notion of the mechanical ddh. properties of the eledlric fluid with Mr iEpinus, he 

examined, with the patience, and much of the addrefs, 
of a Newton, the adlion of fuch a fluid on the fluid a- 
round it, and the fenfible effedls on the bodies in which 
it refided; the difpoiition of it in a confiderable variety 
of cafes; and particularly its adlion on the fluid con- 
tained in (lender 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- 
tions concerning the law of eledlric adlion in general. 

R 1 c 1 t Y. sgi 

We have given an abftradl of this invefligation accom- 
modated to the inverfe duplicate ratio of the diftances. 

From this it appears (n° 135), that whatever quan- l49, 
tity of eledlric fluid we can put into a circular plate 
12 inches in diameter, by Ample communication with 
the prime condudlor of an eledtrical machine, we can ac- 
cumulate 60 times as much in it by bringing the plate 
within jgth 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 (hewn to be 
almoft equally deprived of fluid), by connecting the 
two plates by a fmall wire. 

But as it was alfo (hewn in that paragraph, that the 
force with which the accumulated, fluid was attradled 
by the redundant matter in the other plate was exceed- 
ingly great, and confequently its tendency to efcape 
was propoitionably increafed ; this accumulation can- 
not be obtained unlefs we can prevent this fpontaneous 
transference. 

Here the non-condudling power of idio-eledlrics, InexpJka- 
without any diminution, the adlion of the eledlric fluid !,le by ma- 
on fluid or matter on the other fide of them, comes to j.eilal atmo" 
our aid, and we at once think of interpofing a plate of PlcIts> 

glafs, or wax, or rofin, or any other elediric, between 
our condudling plates. Such is the immediate fug- 
geftion of a perfon’s mind who entertains- the JEpinian 
notion of the eledlric fluid ; and fuch, we are convin- 
ced, is the thought of all who imagine that they under- 
(land the phenomena of the Leyden phial. But thofe 
who attempt to explain eledlric adlion by means of 
what they call eledlric atmofphere of variable denfity: 
or intenfity, are not intitled to make any fuch inference, 
nor to expedl any fuch phenomena as the Leyden phial 
exhibits. Eledlricity, they (ay, acls by the interven- 
tion of atmofpheres : Therefore, whatever allows the 
propagation of this adlion (conceive it in any manner 
whatever), allows the propagation of thefe agents; and 
whatever does not condudl eledlric adlion, does not 
condudl the agents. Interpofed glafs (liould therefore 
prevent all adlion on the other plate. This is true, 
even although it were pofiiblt (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 
adlion, by the difplacement of fo much of it by the fo- 
il'd matter of the body which it penetrates. Yet with- 
out this undiminiflied adlion of the eledlrified 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 aEpfnian 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 aSivify (a phrafe 
firft. ufed by Dr Gilbert of Colchelter, in his celebrated 
work De Magnete et Corporibns MagneticisJ; and fpheres 
of adlivity will be found nothing more than a figurative 
expreffion of fome indiftindl conception of afiion in 
every direction. When we ufe the words attradion and 
repuifton, we do not fpeak a whit more figuratively than 
when we ufe the general word adion. Thefe terms are 
all figurative, only attradwn and repufion have the ad- 

vantage. 
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vantage of fpecifylng the dirs&ion in which we conceive 
the ahlon to be exerted. 

It therefore becomes ftill more interefling to the phi- 
lofopher to compare the phenomena of charged glass 
with the JEpinian theory. They afford an experimentum 

T'i cruets in the queftion about ele&ric atmofpheres. 
Phenonrc- ljet O (f,g. 2S.) reprefent the end of a prime con- 

■na of char- furnifhed'with Henley's eledlrometer. Let AB 

S'.lfined. 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 drifted to any diftance from 
the" conduftor I)F reprefents another plate, of the 
fame dimenfions as AB, in the centre of which is a 
wire EN, having a fmall ball on the end N, to which 
is attached a Canton’s ekdlromcter. This wire pafles 
through the wooden ball O, fattened to the infulating 
Hand P. The glafs pane mutt be very clean, dry, and 
warm. Conned the condudor G with AB by a wire 
reaching to the centre C. Turn the cylinder of the 
elcdrical machine flowly, till the eledrometer rife to 
3c0 or 40°, and note the number of turns. Take off 
the eledricity ; and having taken away the conneding 
wire GO, turn the maohine 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 polition 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 filyer or gold 
thread, wdiich will trail on the table. Again, raife the 
eledrometer to 30°, and bring DF gradually forward 
to AB. The eledrometer FIG will gradually fall 
dowm, but will rife to its former height, if DF be with- 
drawn to its fir ft 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. Inflead 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- 

I C I T Y. 
fore DF, communicating with the ground, is 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. , (a 

While the plates AB and DF are near each other,State of the 
efpecially when DF communicates with the ground, ifeoatings. 
we hang a pith-ball between them by a filk thread, it 
will be ftrongly attraded by the plate which is neareft 
to it, whether DF or AB ; and having touched it, it 
will be briikly repelled, and attraded by the glais 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 in both, the eledro- 
meter attached to H defeending gradually all the 
while. 

As all thefe phenomena are more remarkable in pro- 
portion as the plates are brought nearer, they are moll 
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 n9 135. When we employed plates of 12 
inches diameter, pafted on a pane one fortieth of an inch 
in thicknefs, we found the diminution not lefs than 
199 parts of 200 ; 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 circumftatices, 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- 
vendifh. And we mull here obferve, that we found 
this fuperlority more remarkable in fome kinds of glafs 
than others, and more remarkable in fome other idio- 
eledrics. We think that, in general, it was moft re- 
markable in the coarfe kinds of glafs, provided they 
were uniformly tranfparent. We found it moft 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 burfl by the charge. The 
hardeft and befl London crown-glafs feemed to accu- 
mulate lefs than any other; and a coloured glafs, which 
when viewed by refiedion feemed quite ppake, but 
appeared brown by traiifniitted 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 
afllgned 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 
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ftead of being reduced to one half, it was more than 
two-thirds ; and in the kind called Dutch plate, the di- 
minution was inconliderable. 

Strong at- The experiments with the Dutch and other double 
traftion be-plates, fuggefted another inllrudive and pretty experi- 

ment. Obferving thefe plates to cohere with coniider- 
able force, it was thought worth while to meafure it; 
which was attempted in this manner : Two very flat 
brafs plates AB, DF (fig. 29.) furnilhed with wires 
and balls, were fufpended, 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 conduftor, without co- 
ining near the table. Another was attached to N, 
which touched the table. A plate of mirror glafs was 
fet between them, as Ihewn by QR. When this appa- 
latus was electrified, the threads of fufpenlion imme- 
diately began to deviate from the perpendicular, and 
the plates to approach the glafs pane and each other. 
The pane was carefully Ihifted, fo as to be kept in the 
exact middle between them. This refult fhewed very 
plainly the preiTure ,of the fluid on one of the plates, 
and the mutual attraction of the redundant matter and 
redundant fluid. This increafed as the accumulation 
increafed 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 ele&ro- 
meter attached to the prime conductor ; but we could 
not icconcile the feries (which, however, was extremely 
regular) with the law of ele&ric a&ion. This harmo- 
ny was probably diflurbed by the force employed in 
raifing the filver wires. When more flexible filver threads 
weie ufed, much was loft by diffipation from the rough- 
neis of tue thread, WF did not think of employing a 
line flaxen thread moiflened : but, indeed, an agree- 
ment was hardly to be expected; becaufe theory teaches 
us, that the diltribution of the redundant fluid in AB 
will be extremely different from the diftribution of the 
1 edundant matter in DF, till the plates come very near 
each other. The accumulation in AB depends greatly 
on the law of dillribution, being lefs (with any degree 
of redundancy) when the fluid is denfer near the centre 
of the plate. Other circumftances concurred to difturb 
this trial; but the theory was abundantly confirmed by 
the experiment, which ihewed the ftrong attradion 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 T

l
T 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, 

*55 fePai'ate the plates from the glafs. 
Difcharge; The experienced eleftrician need not be told, that by 

SedS bringing the two ends of a bent wire in contaCl with the two plates (firfl 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 firfl bring the end near the plate 
DF, and obferve the feather to be not at all, or but a 
very little, affetfted, 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 fine proof of the procefs of difeharge, which be- 
gins by the induction of ele&ricitv on the ends of the 
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difeharging wire ; firfl, negative ele&ricity on the end 
VaAaPP,oachts A> and> 111 the fame inflant, oppolite 
electricities at ^ and the adjoining end of the wire. . 

The following obfervation of Profeffor Richmann of Beautifid 
ot 1 ctenburgh (the gentleman who fell a facrjfice to and inftruc- 
eledneal ftudies by a thunder ilroke from his appara-tive exP'ri* 
tus) is extremely inflructive and amufing. Let a 'glafs pYfJsrJr 
pane be coated on both fides, and furnifhed with a fmall Richmann. 
electrometer attached to the coatings. It is reprefent- 
ed as .t feen edgewife in fig. Let it be charged po. 

/"i y^that 1S’ by redundancy) by the coating AB, wlnie DF communicates with the ground. The elec- ' 
trometer A a will Hand out from the plate, and D d 
will hang down dole by its coating, as lone as DF 
communicates with the ground. But as the de&ricity 
gradually diflipates by communication to the contigu- 
our air, the ball a will gradually, but very flowly, fall 
down We may judge of the inteniity of the remain- 
mg electricity by the deviation of the eleclrometer, and 
we may conceive this deviation divided into degrees, 
indicating not angles, but intenfities, which we^ con- 
ceive as proportional to the redundancy or deficiency 
which oceafion them. J 

If we take away the communication with the ground, 
we fhall obferve the hall a fall down very fpeedily, and 
then more flowly, till it reach about half of its firfl. ele- 
vation. The ball d will at the fame time rife to nearly 
the fame height ; the angle between the two dedrome- 
ters continuing nearly the fame as at firfl. When d has 
ceafed to rife, both balls will very flowly defeend, till 
the charge is loll by diffipation. If we touch DF du- 
ring this defeent, d will immediately fall down, and a 
will as fuddenly rife nearly as much ; the angle between 
the electrometers continuing nearly the fame. Re- 
move the finger from DF, and a will fall, and d will 
nle, to nearly their former places; and the flow de- 
Icent of both will again continue. The fame thin - 
wil! 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 
lulpend a crooked wire m u, having two pith balls 
ana « from an infulated point m above the plate, it will 
vibrate with great rapidity, the balls linking the coat- 
mgs alternately ; and thus reftoring the equilibrium by 
Heps. Each ilroke is accompanied by a (park. 

thdVhT™ena arre n0t °nly co,deflucnces of Theory of the theoiy, but their meafures agree precifely with the'1- 
computations deduced from the formula: in in 22, 22 
24, accommodated to the cafe by means of n° irr and 
136, 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 
Lffay, Appendix 1. A very diftindt notion may be 
conceived of the whole procefs, by fuppofing that in a 
minute AB lofes Arth of the unbalanced redundancy 
aaually in it, and confequently diminifhes as much in 
its adtion. It will be proved afterwards, that the diffi- 
pations in equal times arc really in proportion to the 
fuperhcial repulfions then exerted. .We may alfo fun 
pofe, that the adlioti of the redundant fluid, or redun- 
dant matter, in either coating, on the external fluid con- 
tiguous to it, is to its adion on the fluid contiguous to 

^ the 
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the other coating in the conflant proportion of in to 
9. We ftleft this proportion for the iimplicity of the 
computation. Then the difference of thefe actions is 
always Tyh of the full a&ion on the fluid contiguous 
to it. This is alfo an exacd 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 aftd 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 TVth, 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 adlion on a will be the fame as if 
Y^ths of 9, or 8,1 had been reftored 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- 
tra&ion on the fide of DF. to the repulfion on the fide 
of AB. By the diminution of the repulfion rVth, and 
the wrant of 9 degrees of fluid in DF to balance it, DF 
acquires an attratlion for fluid which may be called 9. 
Therefore, fince primitive repulfion of AB 
has diffipated 10 meafures of fluid in the minute, 
the attraCfion of DF will caufe it to acquire 
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 T^ths of one 
meafure. Therefore a, inffead of rifiug from 90 to 
98.1, will only rife to 90 -f- -r^ths X T^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 TVth of the remaining unba- 
lanced eledfricity of that fide, and DF will now acquire 
a greater proportion than before ; becaufe its former 
unbalanced attraction gets an addition equal to 
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 increafing, and the repul- 
fion of AB is diminilhing, the compenfation in the ac- 
tion on a, by the increafed attraction of DF, conti- 
nues to increafe, and the defcent of a grows continually 
flower ; confequently a time mull 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 
Hate obtains, d will rife no more ; becaufe the receipt 
of fluid by DF, being now x

9
gths of the lofs by AB, 

it will exaCtly compenfate the additional attraction of 
DF for fluid, occalioned by that lofs. The next lofs 
by AB not being fo great, {ind thfe next receipt by 
DF continuing the fame, by reafon of its undiminilhed 
attraction, there will be a greater compenfatiot! in the 
aCtion on ay which will prevent its defcending fo fall; 
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 Itrongly. Therefore d mull now de- 
fcend. It is evident, that fimilar reafons will Hill fub- 
fill for the flow defcent of a, and the flower defcent of 
d, till all redundancy and deficiency are at an end. 

This maximum of the elevation of d happens when a 
has defcended 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 mull acquire an attraClion cqrrefpond- 
ing to r^ths of this ; and if the fupply by the air be 
now opened to it, things will go on in the way already 
defcribed, till all is difcharged. 

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 attraClion 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 mull change the 
Hate of AB, and caufe it to rife j%-ths of the defcent 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, inllead of touching DF, we touch AB, the fame 
things mull happen ; a mull fall down, and d mull rife 
to nearly twice its prefent height, and all will go on as 
before, after removing the finger. Lallly, if inllead of 
allowing either fide to touch the ground alternately, 
we only touch it with a fmall infulated body, fuch as 
the wire with the balls v and u, the ball attached to 
the fide touched finks, till the eleClricity is fliared be- 
tween the coating and the wire with balls. The ball 
attached to the other coating rifes -j%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 mull be at- 
traCled by it, becaufe the eledricities 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 lhall 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 Profelfor Richmann will 
be found very inllru&ive ; and will enable us to under- 
lland the operation of the eledlrophorus, and to fee 
the great millake of thofe who fay that it is perfe&ly 
fimilar to a difcharged glafs plate. 

Thus, then, we fee, that all the clafles of phenome-Electric ae 
na, connefted with attraction and repulflon, are precife-tion 
ly fuch as would refult from the aftion of a fluid fo|'^ei”j°D“ 
conllituted. The complete undiminilhed aCtion of the ^ c 

caufe of thofe phenomena on the other fide of the inter- 
pofed. non-conduftor of that caufe is deraonltrated, and 

all 
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elaftic atmofpheres of variable denfity mull be aban- 
doned^ and the infinitely Ampler explanation by the 
attractive and rcpulfive forces of the fluid itfelf muft 
be preferred. » 

So happily does the Franklinian theory of pofitive 
and negative dearicity explain the phenomena, when 
a fuitable notion is formed of the manner of aftion of 
this fluid. We cannot but think that this is attained, 
when, to. the general do6trine of vEpinus, we add the 
fpeciflcation of the law of a&ion, fo fully verified by 
the experiments of Mr Coulomb, which are in the 
hands ot the public, and are of that fimple nature that 
any careful experimenter can convince himfelf of their 
accuracy (See n° 144-) We may therefore proceed 
with fome confidence, and apply this do&rine even to 
cafes where experiment does not offer itfelf for proof. 

I>r Franklin affirms that ele&ric fluid cannot be 
miftaken in thrown into one fide of the coated pane unlefs it be 

thatadiar ^bftrafted from.the 0,;lier '> and that therefore the char- 
ged plate ged glafs contains no more than it did before charging, 
contiinsits indeed find that we cannot charge the infide, if the 
natural outfide do not communicate with the ground. He 
quantity 0f proves jt alf0 \iy faying, that if a perfon, when infula- 

ted, difcharges a glafs through his own body, he is not 
found elean'fied : And he infers, as a neceflary confe- 
quence of this, that a fenes of any number of jars may 
he charged by the fame turns of a machine, if we make 
the outiide of the firit communicate with the infide of 
the fecond, and the outfiie of the fecond with the in- 
fide of the third; and fo on ; and the outfide of the 
laft communicate with the ground. Flaving made the 
ti lal, and having found that more turns of the machine 
were necefiary, he attributes this to difiipation into the 
air bj the communication. But our theory teaches us 
otherwife. We learn from it, that the redundant mat- 
ter in the plate DF is lefs than the redundant fluid in 
AB, in the proportion of n — 1 to «; and therefore 
the redundant fluid in the overcharged fide of the next 
plate is no greater. Fhe charge or redundancy in the 

fwth jar of ■•the feries will therefore be Thus, 

if h, or the charge of the firft 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 eleffrified 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 difcharge a jar by an infulated difchar- 
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 difcharged a jar through 
his own body, it is owing to the great furface of his 
body, which reduces the Ample ekArification of a fide 

*59 th5 jar to a very infignificant and infenfible quantity. 
M'ftake of Wilcke (and we believe Franklin before him] main- 
Wilcke’s. tains, that when the jar has been charged, by conneA- 

ing one fide with the prime conduAor, and the other 
with the rubber, it is neutral and inaAive on both fides. 
But this is not fo ; and a flight refkAion might have 
convinced them that it cannot he fo : if it were, the 
jar could not be difcharged. Each fide, while con- 
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neAed with the machine, tmift be in the condition of 
the part with which it is conneAed, and in a difpofition 
to take or give. It the trial be carefully made, it will 
be found to be equally aElive on both fides; and the dif- 
charging rod, having down on its ends, will fhew this 
in an unequivocal manner, and fhevv that its condition 
diffeis in this refpeA from that of ajar charged in the 
ordinary way. It is in the maximum ftate of Richmann’s 
pLue, defciibed in n1’ 156. when d rifes no more. - 

In difeharging a jar A, if inflead of the outfide com- Charge one 
municating with the infide by a wire, we make it com-jar by the 
municate with the infide of a fecond jar B, while the difchar^e 

outfide of B is made to communicate with the infide Of
ofanothcr* 

A, we fhall find be charged by the difcharge of A; 
and that the difcharge of A is not complete, the charge 
2® always remaining, whatever may have been the mag- 
nitude of h. ^ 

We may infer from this experiment, that when a important 
mock is given to a number of perfons a, b, c. See. we inference, 
ate 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 b, 
replacing as much as has parted from b into c, See. In- 
deed, where the canal is a flender 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 di/chargc, maybe but a 
fmall pioportion of what naturally belongs to a body. 
1 his may he the reafon why a charge will not melt 
more than a certain length of wire. Mr Cavendifh 
aferibes this to the greater obflruAion in a longer wire y 
but this does not appear fo probable. A greater ob- 
fbuAion would occafion a longer delay of the tranf- 
ference ; and therefore the aAion of the fame quantity 
would be longer continued. He proves, that a metal 
wire conduAs many hundred times farter than water ; 
yet, when water is diffipated by a difcharge, it is found 
to have aAually conduAed 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 needkfs to prove that the theory of the Leyden 
Leyden pliial is the fame with that of the coated pane. l,hial ,ike 

The only difference is, that we are not fo able to teliacoate,i 

the difpofition of the accumulated fluid, and the evacua-1*"6* 
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 diftributed. If we could infurc the 
uniformity of thicknefs, fuch a phial would be an ex- 
cellent unit for meafurirg 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 mult be taken as 
our unit. 

And here we remark, that this gives us the moftEsedtor 
peiteA of all methods for comparing our tlieory with metk«d fbe 
experiment. We muft take two plates, of the fame verif>'in& 
glais and the fame thicknefs, but of different dim, r lhe theory* 
lions of coated furface. We muft charge both by ver J 
long conduAing 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 Cavendiih has given an unexceptionable me- 
thod of doing this independent of all theory. As it 
applies equally to jars, however irregular, we (hall take 
it altogether. 

Meafureof When a jar is charged, obferve the electrometer con- 
a charge, neftcd with it, and immediately communicate the charge 

to another equal jar (the perfect equality being previ- 
oully afcertained 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 ele&rify 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 eledfrometer 
reaches the degree which indicates one half. This fhews 
how often the charge of the plate is contained in that 
of the jar or row of jars. -- 

Let the charge of the plate be to that of the jars as 
x to i. Then, by each communication, the eledfricity 
is diminifhed in the proportion of i -p .y to I. If m 
communications have been made, it will be reduced in 
the proportion of i xm to I. Therefore i -f- xm 

rr 2, and I x — ,n\/ 2, and x — 2 — 1. 
When x is fmall in proportion to 1, we fliall be very 

near the truth, by multiplying the number of communi- 
cations by 1,444, and fubtra&ing 0,5 from the pro- 
dudt. The remainder (hews how often the charge of 

the plate is contained in that of the jars, or — • 

Thus may the perfeft equality of two jars be afcer- 
tained ; and the one which exceeds, on trial, may be 
reduced to equality by cutting off a little of the coat- 
ing. An electrician fhould have a pair of fmall jars or 
phials fo adjufte^d. It will ferve to difcovcr in a mi- 
nute or two the mark of one-half eleftricity for any 
electrometer, and for any degree ; as alfo for meafuring 
jars, batteries, fhocks, &c. much more accurately than 
any other method : becaufe fuch phials, conftructed as 
we fhall defcribe immediately, may be made fo neutral, 
and fo retentive, that the quantity which dilhpates du- 
ring the handling becomes quite infignilicant in propor- 
tion to the quantity remaining ; whereas, in all experi- 
ments with electrometers, conftructed with the moll cu- 
rious attention, the dilftpations are great in proportion 
to the whole, and are capricious. 

154. It was chiefly by this method that the writer of this 
article, having read Mr Cavendilh’s paper, compared 
the meafures given by experiment with thofe which re- 
lult from an a Cl ion in the inverfe duplicate ratio of the 
diftance. When the charges were moderate, the coin- 
cidence was perfedl; when the charges were great, the 
large plates contained a little more. This is plainly 
owing to their being lefs difpofcd to diffipate from the 

165 edg£'s- 
Maxims for We may now follow with fome confidence the prac- 
conftruft- tical maxims deducible from the theory for the con. 

batteries ^ru<^\on t^s accumulating apparatus. The theory 
&c.~ ’ Prefcribes a very conducting coating, in clofe and unin- 

terrupted contaCt : It prefcribes an extenfive furface, 
and a thin plate of idio-eleCtric fubftance. According- 
ly ail tnefe .11 e in faCt attended by a more powerful ef- 
ect. Metal is found to be far preferable to water, 

which was iirft employed, having been fuggelted by the 
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original experiments of Gray, Kleilt, and Cuna?us. A 
continuous plating is prefcribed, 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 wutb gum water, or coating the 
infide with an amalgam of mercury and tin. This lad 
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 imperfeCl coatings only are practicable, 
and fome rare ones where they are preferable. In the Hint for 
medical exhibition of eleClricity, wdiere the purpofe in. medical ei. 
tended is fuppofed to require the transfufion of a great ^ 
quantity of the eleCtric fluid, any tiling that can dimi- ' '* 
nifti the irritating fmartnefs of the fpavk is defirable. 
This is greatly effcCled by thofe imperfeCt coatings. 
Small fhocks, which convey the fame quantity of fluid 
with the (harp pungent and alarming fpark from a large 
furface, are quite foft and inoffenlive, greatly refem- 
bliug the fpafmodic quivering, fometimes felt in the lip 
or eye-lid, and will not alarm the moft fearful patient. ^ 

Clofe contaCt of the metallic coating is obferved to How to 
increafe the effeCt of the charge. But it is alfo found Preve.nt ^ 
that it greatly increafes the rifk of burfting the glafsigk 
by fpontaneous difcharge through its fubftance. AnJ

c^rges> 
experienced eleCtrician (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, inflead 
of the foil itfelf, he has never had a jar buril ; whereas 
the accident had been very frequent before. The theo- 
ry juftifies this obfervation. Paper is an imperfeCl con- 
ductor, even when foaked with flour pafte ; and the 
transfufion, though rapid, is not inilantaneous nor de- 
fultory, but begins faintly, and fwells to a maximum. 
It operates on the glafs, like gradual warming, infteaJ 
of the hidden application of great heat. l()j 

Mr Cuthbertfon, an excellent artifl. in all eleCtrical ap-Very cmi- 
paratus, and inventor of the bell air-pump, has made a0U5.°^r 

curious obfervation on this fubjeCt. He fays that he 
has uniformly obferved, that jars take a much greateri3erti01u 
charge (nearly one-third), if the infide be conliderably 
damped, by blowing into it with a tube reaching to the 
bottom (Nichotfari’ s'Journal, March 1799).—We mufl 
acknowledge, that we can form no dillinCl conception 
of what Mr Cuthbertfon calls an undulation of the elajlic 
atmojphere. We do not know whether he means that 
the atmofphere is adlually undulating as water, or as. 
air in the production of found, as its parts being in a re- 
ciprocating motion ; or whether he only means that 
this atmofphere confifts of quiefcent flrata, alternately 
denier and raier. Nor can we form any notion how 
either of thefe undulations contributes to the explofion, 
or prevents it. We are really but very imperfeClly ac- 
quainted with that part of the fcience which fh.ould de- 
termine the precife accumulation that produces the de- 
fultory transference. We mentioned one neceflary con- 
fequence of the aCtion inverfely as the fquare of the 
diitance, which has fome relation to this queftion, uia. 
that a particle, making part of a fpherical furface, is 
twice as much repelled when it has 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 necelfary for enabling a 

particle 
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particle of fluid to quit the lad feries of particles of the 
foil'd matter than for producing almoft any couftipation. 
But we are not certain that thefe circumftances are of 
fuflieient influence to explain the whole of the event. 
Valeant quantum valere pqjjint. \ et we are of opinion 
that Mr Cuthbertfon has afligned the truecaufe, name- 
ly, the imperfect coating of the infide of the glafs. 
When we come to the explanation ot the elcape of elec- 
tricity along imperfect conductors, we hope that it will 
appear, that the difpolition to elcape mult be greatly 
dimimThed by a charge, which difpofes the fluid lo, 
that in no place the conftipation is remarkably greater 
than in another part very near it, and the denlity chan- 
ges everywhere flovvly. 

Belt forms With refpedt to the form of the coated glafs, the 
for jars, &c. theory preferibes that which will occalion luch a diftri- 

bution of the eledtric fluid as fhali make its repulfion 
for the fluid in the canal which connects it with the 
prime conductor as little as pollible. In this refpeCt 
it would feem that a plate is the bed, and a globe the 
worft: but if both are very thin, the difference cannot 
be confiderable. Our experience, however, feems to in- 
dicate the oppofite maxim as the moft 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 muft be owned that we 
have not yet been able to afeertain by the theory what 
is the exaCf diftribution of the redundant fluid in a 
plate. In a fphere it mull be uniformly fpread over 
the furface. We mud alfo aferibe part of the inferio- 
rity of the plate to its greater tendency to diflipation 
from the edges. If a plate be coated in a ftar-like 
form, with flender projeCb’ng points, we lhall obferve 
them luminous in the dark, almofl at the beginning of 
the accumulation ; and the plate will difeharge itfelf by 
thefe points, over the uncoated part, before it has at- 
tained any confiderable lirength. 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 vitible 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 
veflel. The balloons ufed in chemical didillations make 
excellent jars, and can be eaflly 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 fhould be cut into gullets, as in the covering ol ter- 
redrial globes; and they flrould 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 efFedtive furface than an equal box of jars 

i69 of the fame diameter and height of coating. 
Compendi- The mod compendious battery may be made in the 
cus battery, following manner: Choofe fome very flat and thin 

panes of the bed crown glafs, coat a circle («£ £ J), 
(fig. 31.) in the middle of both furfaces, fo as to leave 

a fufficient border uncoated- for preventing a fponta'ne- 
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 limilar flip c leading to the oppofite edge on 
the other Lde. Lay them on each other, fo that the 
flips of two adjoining plates may coincide. Connedt 
all the ends of thefe (lips on one fide together by a flip 
ot the lame foil, or a wire which touches them all. 
I hen, connedling one of thefe colledting flips with the 
prime condudlor, and the other with the ground, vve 
may charge and difeharge the whole together. If the 
panes be round, or exadl fquares, we may employ as 
few of them together as we pleafe, by fettihg the whole 
in an open frame, like an old-fafliioned plate-warmer ; 
and then turning the fet which we would employ to- 
gether at right angles to the reft. 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 {oft, preffing 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 moft 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 thefe muft be ufed with caution, left 
they be burft 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 eleftric phial for carry-posable 
ing about, by forming tin-plate (iron plate tinned) into jar. 
fomewaat of a phial fhape, with a long neck. We 
then covered this with a coating of fine fealing wax, 
about *y£>th of an inch thick, quite to the end of the 
neck, and coated the fealing wax, all but the neck, with 
rinfoil. It is plain that the fealing wax is the coated 
idio-eleClric, and that the tin-plate phial ferves for an 
inner coating and wire. The diffipation is almoft no- 
thing if the neck be very imall; and it only requires a 
little caution to avoid burfting 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 muft happen before the accumulation is too 
great. 

It is well known that the difeharge happens when Importance 
the difchargtng balls are at a confiderable diftance from °( & clofe 
each other ; therefore only as much is difeharged asdifcharBe’ 
correfponds to that diftance. This is one caufe of the 
refiduum of a difeharge which fometimes is pretty con- 
fiderable. Some experiments require the very utmoft. 
force of the charge. It is therefore proper to make the 
difeharge as clofe and abrupt as poffible. But the moft 
rapid approach that we can make of the difeharger is 
nothing in comparifon with the velocity with which the 
fluid feems to fly off, and will therefore have but fmall 
influence in making a more inftantaneous 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 ftrongly preffed againft it by a fpring. While the 
charge is going on, a very fmall part of the glafs plate, 
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round the points of contaft, will receive a weak and 
ufelefs charge ; but this will not hinder the battery 
from acquiring the lame intenfity of charge. When this 
is completed, let the intervening glafs plate be larilkly 
withdrawn. The difcharge 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 
electricity that have taken place in the difcharge of great 
furfaces through wires barely fufficient to conduct: them, 
fialhes of light are thrown off laterally; but the moll de- 
licate electrometer, it is faid, is not affected. The fact 
is not accurately narrated ^ we have always obferved a 
very delicate electrometer to be affected. The pallage 
of fuch a quantity of fluid is almoft equivalent to the 
co exiftence 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 feniible mo- 
tion. It is like the difcharging a piftol ball through a 
flreet 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 direction of the cur- 
rent may be difcovered. Let the jar ah (fig. 32.) be 
difcharged 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 
he very thin. There muff he fome obltruction to the 
motion, which muff caufe the fluid to prefs on the fides 
or furfaces of the coating, juft as the obftruction to the 
motion of water in a pipe (arifing from fricftion, or even 
from material obftacles in the pipe) caufes the water 
to prefs on the fides of the pipe. Therefore if a wire 
* f connedft the other coating with the ground, we 
fhould expecft 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 dt it will 
probably be pofitive in cd, and negative in x.^; for it is 
eledtric fluid that is fuppofed to pafs: therefore we 
fhould always have one fpecies of eleftricity, whether a 
has been charged by glafs or by fealing wax ; and this 
fpecies will indicate which is pofitive. We have faid 

probably”—for it is not impofiible that it may be 
otherwife. If the abftraftion at d be fuppofed more 
powerful than the fupplying force at c, the fame ob- 
ftrudfion may perhaps keep the plate c d in an abforbing 
ftate, juft as wrater defcending in a vertical pipe, into 
which it is preffed by a very fmall head of water in the 
ciftern, inftead of preffing the fides 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 ftill 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 Lavoiiier. It will 
be proper to ufe the tbinneft 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. 

1 he theory of coated glafs now explained, might 
have been treated with more precifion, and the formulse 
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deduced in the beginning of this article might have 
been employed for ftating the fum total of the adling 
forces, and thus demonftrating with precifion the truth 
of the general refult ; and indeed it was with 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 are 
adlive, and muft have their forces ftated, and the ftate- 
ment of the force of each ftratum would have coniifted 
of three terms. This would have been very embarraffing 
to fome readers ; and the force of the conelufion would 
not, after all, have been much more convincing than 
we hope the above more loofe and popular account has 
been. 

We have hitherto confidered the non-ele<ftric coat- 
ings only, and have not attended to what may chance charge re. 
to obtain in the fubftance of the coated ele&rics them-fide m the 
felves. May not part, at leaft, of the redundant fluid 5oatings°f 
be lodged in one fuperficial ftratum of the glafs? or, if11] ^ 
it do not penetrate it, may it not adhere to the furface,S d 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 elettric was fuppofed to contain or 
to accumulate in its furface all the eledlricity that we 
know. But the flrft fuggeftion of Dr Franklin’s ex- 
periments certainly was, that the eledtric plate or veffel 
afted 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 electric 
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. It 
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 fome 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 oppofite 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 perfeft difcharge. 
To complete the proof, we need only obferve that this 
experiment fucceeds whether the glafs has been ele&ri- 
fied by excited glafs or by excited fealing-wax. There- 
fore the coated furface may receive the eledtric fluid 
by the coating, as we fee plainly that it is abftratfted by 
the coating. The ufe of the coatings may be nothing 
more than to a£t as conduftors 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 furfaces, he 
found the glafs charge perfe&ly well. He lifted off 
the coatings ; which operation was accompanied by 
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ftafhes 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 perfeft difcharge, not diftinguifhable 
from what he would have obtained from the tirft coat- 
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would be much overcharged ; and were it as i1 
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,77 mgs. 
Charged Thus it was demonftrated, that the glafs plate itfelf 
glafs ac- acquired by charging a redundant ftratum on one fide, 

dundarn" and a deficl'ent ftratum on the other fide ; and we now 
anddefici- fee, at once, the reafon why the accumulation turns out 
entftrata. greater than what is determined by the theory. The 

diftance between the redundant and deficient ftratum is 
lefs than the thickncfs 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 philofopher 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 ftrata, of inconceivable 
thmnefs, alternately redundant and deficient in electric 
fluid ; and that by continuing the electrification, thefe 
ftrata 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 muft refer the phi- 
lofophical and curious reader to that part of his valu- 
able Treatife where he treats of what he calls vindica- 
ting or recovering eledricity; as alfo to a paper by Mr 
Henly in Phil. Franf. 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 elearical after the dif- 
charge, having oppofite elearicities, and changing thefe 
elearicities, by repeated feparations 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 induaion. In this cafe, as 
was obferved in n° 57. there are obferved more than 
one neutral point, &c. 

*78. 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 BD (fig. 33.) e- 
qual to the fluid wanting in E E p F. we now fuppofe 
all the redundant fluid to be lodged in b (l X d, and <?*?>/ 
to hold all the redundant matter, and the two coatings 
to be in their natural ftate, a particle p, placed in the 
middle of the iurface b dt will be nearly as much at- 
tracted by * e/? as it is repelled by b 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 
bPtd is more diminifhed than the attra&ion of < efv. 
(n° 42.) But the difference will be very fmall indeed. 
(Ah B. the refult would be very different if eleCtric ac- 

would be very much undercharged). Now the fad is, 
that when the coating is carefully removed, it is pof- 
feffed of very little ele&ricity, not more than may rea- 
fonably be luppofed to run into it by bringing away 
one part before another. It is impoffible 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 Air Coulomb,s manner, and always found 
them void of eleClricity. ^ 

thus we learn that glafs, and probably all other e-Cnnje&ure 
leCtrics, acquire redundant and deficient ftrata as well asaboiU the 

the moft perfeCt condu&ors, at the fame time that they ^u
r
rfting of 

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, whatyftou/t/ be the effed of this ftate of things; 
or of one conftipated ftratum coming in contaCl with 
another. 

This.view of the condition of charged glafs explains 
(we think) feveral phenomena which feem not well un- 
derftood by eleCiricians. g 

The refiduum of a difcharge is frequently owing to Several 
a charge extending beyond the coating, where the ac-P^enomenSk 

tion is confiderably irregular, or different from what ittxPlained* 
would be if the plates werfe infinitely extended. This 
outline charge is taken up by the coated part after a 
very little while, and may again be difeharged. But 
it alio frequently arifes from another ftratum (much 
thinner, as it will always be) than the exterior one, co- 
ming, to the furface fome time after the firft difcharge, 
and being now in a condition for being difeharged. It 
explains the fparkling that is perceived in 'fuccejion 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 explains the phenomena of Bec- 
caria’s Eledricitas Vindex (fee Electricity, Encycl. 
n‘J 48.), and the great difference that may be found hi 
the different kinds of glafs in this refpea. It explains 
the great difference between the fenfation occafioned by 
a fpark from a perfedly condufting furface of confi- 
derable extent, and that occafioned by a fhock, which 
conveys the fame quantity of fluid accumulated In a 
fmall furface of glafs. The difcharge of the firft is al- 
moft inftantaneous, while that of°the laft requires a 
imall moment of time, and is therefore lefs defultory 
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and abrupt. The one is pungent and ftartling ; but 
the other is fofter in the firit inftant, and fweils to a 
maximum. Therefore, in the medical employment of 
electricity, when the purpofe is to be affeCted by the 
transfufion of a great quantity of ele&ric fluid, we 
fliould recommend very fmall fhocks from a very large 
furface of coated glafs, very faintly eledrified, in place 
of flrong fparks. Patients of irritable conflitutions are 
frequently alarmed by the quicknefs and pungency of 
ftrong fparks: but if the balls of Lane’s flrock-mea- 
furer be fet fo clofe as to give four or five fhocks in 
each turn of a feven inch cylinder, the {hocks are not 
even difagreeable. The balls fhould be made of fine 
cupelled fllver: in which cafe, the furface will never be 
hurt by the greateft difcharge ; whereas the difcharge 
of four fquare feet of coated glafs will raife fuch a rough- 
nefs tm the furface of brafs as will caufe it to fputter, 
and deftroy entirely the regularity of the expenditure 
of fluid. The fame conflderation fhould make us prefer 
a jar coated entirely with amalgam. rI his cob-web 
coating gives a greater foftuefs to the fliock. Laftly, 
we fee why a powerful and permanent eledricity was 
not produced in the tube filled with melted feahng wax, 
and treated as mentioned in n° joi. 1 he redundancy 
and deficiency intended to be produced could only be 
fuperficial. And becaufe the wax cooled by degrees 
from the furface to the axis, and the wax is a conduc- 
tor while liquid, it mult have taken a charge at lalt ; 
and therefore muft appear hut faintly ele&rical. 

This account of the ftate of charged glais piomifes 
us fome afliftance in our attempts to conceive what 
paffes in the excitation of glafs 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 glafs tumbler, while points 
were prefented to the oppofite furface, and weie con- 
nefted with a wire that communicated with the ground, 

iS4 he gave it a powerful charge. 
Thequan- It is obferved, that when the lam in as of a piece of 
tity A fluid jyjufCOVy giafs are feparated, by pulling them afunder 

^clJx-without inferting any inflrument between them, they 
ceeding are ele&rical when feparated ; one being pofitive, and 
great. the other negative. Mull we not conclude from this, 

that when conjoined they were in the ftate of charged 
glafs ? If we take this view of it, a body may contain 
a prodigious quantity of ele&ric 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 condu&tirs, each feven inches 
in diameter and three feet long, ele&rified io that each 
gave a fpark at nine inches diftance. Now, the whole 
of this was moveable fluid, and no more than what the 
talc contains when unele&rified : 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 confiderable proportion 
to the natural quantity. The quantity of moveable 
fluid in a man’s body is therefore very great : and Lord 
Mahon is well authorifed to fay, that the fudden dif- 
placing of this quantity in a returningJlroke, which has 
been occafloned by a difcharge of a cloud in a very 
diftant place, is fully adequate to the produ&ion of the 
moft violent effe&s. But his Lordfhip has not attend- 

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, altho’ 
the whole fluid of a man’s body may change its place, 
it will not change it with the rapidity that feems ne- 
ceffary for the violent eflt&s of ele&ric,ity, except in 
the very points of communication with the furrounding 
bodies. 

We have now feen in what fenfe the idio-de&rics iSj. 
may be faid to be impervious to the ele&ric fluid, it is 
moved in them only to very fmall and imperceptible 
diftances. When a confiderable ftratum is difebarged, 
the fluid does not come from the extremity of it to the 
point of difcharge through the glafs, but through the 
coating. And when alternate ftrata of redundant fluid 
and redundant matter are formed, the particles in each 
fhift their places very little, moving perpendicularly to 
the ftratum. 184 

Even this degree of obftru&ion has been denied byTheimper 
fome very a&ive ele&ricians, who have multiplied ex-^j.^'^Ta 
periments to prove that the fluid pafiVs freely throughdenj.ld by' 
glafs, and that the theory of coated ele&rics is totally f0me. 
different from what Franklin imagines. Mr Lyons of 
Dover has publifhed a numerous lift of Angular 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 diftance from a thin glafs plate (it is 
commonly introduced into a glafs tube, having a ball 
at the end, and the point of the wire reaches to the 
centre of the ball) ; and another wire is conne&ed with 
the difeharging rod, and alfo conies very near (and fre- 
quently clofe) to the other fide of the glafs, oppofite 
to the pointed wire. With this apparatus he obtains a 
difcharge *, and therefore fays that the glafs is perme- 
able to ele&ric ity. But he does not narrate all the 
circumftance§ of the experiment. We have repeated 
all of them that have any real difference (for moil 
of them are the fame fact in different forms), and we 
have obtained difeharges : But they were all very in- V 
complete, except when the glafs was perforated, which 
happened very frequently. The difcharge was never 
made with a full, bright, undivided fpark, and loud 
fnap ; but with- 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 infide to a point ele&rified by 
the prime condu&or. The whole experiment is ana- 
logous to the one narrated in n° 176. 1S5 

We may conclude our obfervations on coated glafs Bars toucl 
with mentioning a curious experiment. A flat flick ^a'netsfc 
fine fealing wax, warmed till it bent pretty readily, waselegricitJ 
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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e>nd of a ftlff wire projeifUng from the outer coating, 
and then turned up parallel to the infide wire ; fo that 
the 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 difeharge. The 
flat faces of the two hemifpheres were now applied to 
the flat fide of the feahng wax, and were moved to 
and fro along it, overpaffing both ends about an inch 
with each hemifphere. The experiment was very 
troublefome ; for the phial often difeharged itfelf along 
the fui face of the feahng 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 eleftricifm, which lafted feveral "weeks when 
kept with care ; but flill it was not much more fenfible 
than that of the feahng wax, which congealed between 
two globes oppofitely ele&rified. 

After this application of the theory to the pheno- 
mena of coated glafs, it will not be neceffary to employ 
much time in its application to the ele&rophorus. The 
general propofitions from n0 14. to 25. and their com- 
panions in n0 38—43, will enable us to ftate with pre- 
cifion (when combined with the law of eledtric aeflion) 
the aft ions of every part of this apparatus ; and confi- 
derable afliftance will be derived from a careful confide- 
ration of our analyfis of Profeflor 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 izW, and fomewhat of the intenjty, of the ac- 
tion of its different parts. 

The eleftrophorus confifts of three parts. The chief 
part is the cake ABCD (fig. 34.) of fome eleftric ; 
inch as gum lac, fealing wax, pitch, or other refinous 
compofition. This is melted on fome condufting plate, 
DCFE, and allowed to congeal; in wrhich ftate it is 
found to be negatively eleftric. Another condufting 
plate GHBA is laid on it, and may be raifed up by 
iilk lines, or any infulating handle. We {hall call 
ABCD the cake, DCFE the sole, and GHBA the 
COVER. 

The general appearances not having been fo feienti- 
fically clafled in the article Electricitv as could be 
wiflied, we fliall here narrate them, very briefly', in a 
way moie 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 bieadth. Although this dimimfhes greatly the 
moft remarkable of the aftions, it leaves them fufficient- 
ly vivid, and it greatly increafes the fmaller changes 
which are inftruftive in the comparifon. The general 

1. If the foie has been infulated during the congela- 
tion ot the eleftric, till all is cold and hard, the whole 
is found negatively eleftric, and the finger draws a fpark 
from any part of it, efpecially from the foie. If allow- 
ed to remain in this fituation, its eleftricity 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 beft, 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 eleftricity-what- 
ever is obferved in the cover. 

2. But if it be touched while on the cake, a {harp 
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 eleftrophorus appears quite in- 
aftive, and is faid to be dead; neither foie nor cover gi- 
ving any fign of eleftricity. 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 lituation, 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 effefts, 
it is proper to have the edge fo rounded. This fpark 
is not fo fttarp as the former, and refembles that from 
any eleftrified conduftor. 

5. The eleftricity of t he cover, while thus raifed, is 
of the oppofite kind to that of the cake, or is pofitive. 

6. The eleftricity of the cover while lying on the 
cake is the fame with that of the cake, or ne<rative. 

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 undiminifhed even for months. Hu's 
makes it a fort of magazine of eleftricity, and we can 
take off the elefti icity of the cake and of the cover as 
charges for feparate jars, the cover, when raifed, char- 
ging like the prime conduftor of an ordinary eleftrical 
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 ii both cake and cover be touched together 

9. If the cover be again raifed to a confiderable height, 
the foie will be found eleftrical, and its eleftricity 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 inaftive. 

11. If both cover and foie be made inaftive when 
joined, they {hew oppofite eleftricities when feparated, 
the foie having the eleftricity of the cake. 

12. If both cover and foie be made inaftive when 
feparate, they both ftiew the oppofite to the eleftricity 
of the cake when joined. 

Let us now attend to the difpofition of the eleftrical Difporition 
fluid in the different parts of the inftrument in their va-of the fluid 
ritms fituations, and to the forces which operate mutually 
between them. N. B. Experiments for examining this 
inftrument are beft made by fetting the three plates 
vertically, fupported on glafs ftalks, with leaden feet, 
to fteady them. A very fmall eleftrometer may be at- 
tached to the outer furfaces of the cover and foie. 

If the.extent of the plates wer^ incomparably greater 
than their thicknels, we may infer from ng 92, &c. that 
the redundant fluid and matter would be difpofed in 
parallel ftrata,'and that the aftions 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 :s, the aftion of any ftratum will be dimi- 
niftied by an increafe of diftance. The following dc- 
fcnption cannot be very different from the truth : 

1. The cake grows negative by cooling j and if it 
4 ^ were 
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were alone, it would have a negative fuperficial ftratum 
on both fides, of greater thicknefs near the edges ; and 
the fluid would probably grow denfer by degrees to the 
middle, where it would have its natural denhty. This 
difpofition may be inferred from n° 92, 93, and 98. 
But it cools in conjun&ion with the iole, and the at- 
traftion 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 condinftor, the difpofition of its fluid will be 
different from that deferibed above, and the final difpo- 
fition of the fluid in the cake and foie will referable that 
deferibed in n° 95, where the plates E and A reprefent 
the cake and foie. But becaufe we do not know pre- 
cifely the gradation of denfity, and aim only at general 
notions at prefent, it will be fufficient to coulider the 
cake and foie as divided into two ftrata only ; one re- 
dundant in fluid, and the other deficient, neglefting the 
neutral ftratum that is interpofed between them in each. 
The cake, then, confifts of a ftratum AB3a A contain- 
ing redundant matter, and a ftratum a b 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 m n EE 
containing redundant matter. This may be called the 
primitive state of the cake and foie; and if once 
changed by communication with unele&rified bodies, it 
can never be recovered again witnout 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 att radii on of the redundant 
matter in the cake for the fame particle. What has been 
faid concerning infinitely extended plates rendered neu- 
tral on one fide, may fuffice to give us a notion of the 
prefent difpofition of the fluid in the foie. The under 
furface will be neutral, and the fluid will mcreaie 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 difpofition of fluid may be called the commonJlate 
of the ele&rophorus. 

III. Let the cover GHB A be laid on it. The par- 
ticle z, at the upper furface of the cover, muft be more 
attradledby the redundant matter in the ftratum AB/^a 
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 z is attrac- 
ted by the cake. The redundant fluid which has come 
into the remote fide of the foie is lefs than what wouhl 
faturate the redundant matter of the cake, becaufe it 
only balances the excefs of the remote a&ion of this 
matter above the nearer aflion of the comprefled fluid 
in the foie ; and this fmaller quantity of redundant fluid 
a£ls 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 attradfted ; 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 compreffed on the furface AB, being abftradled 
from the furface GIL It will now have a ftratum 

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 confider 
it as immoveable ; for any motion which it can get will 
be fo fmall, that the variations of its adlion will be al- 
together infignificant. The particle y, fituated in that 
furface, will be more repelled by the compreffed fluid 
in the ftratum ^CA than it is attradled by the equi- 
valent, but more remote redundant matter in GHp^. 
Fluid is therefore difpofed to quit the furface EF, and the 
foie appears pofitively eleftric ; very little indeed, if the 
cover be thin. All this may be obferved by attaching 
a fmall Canton’s eledlrometer to the lower furface of 
the foie, or by touching the foie with the eledlrometer 
of fig. 8. and then trying its eleclricity by rubbed wax 
or glafs. 

IV. A particle of fluid z, placed immediately with- jjr. 
out the furface GH, will be more attradled by the de- 
ficient ftratum GHpg and by AB b a 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 
{lightly 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 attra&ion of 
the redundant matter in AB£<3 is balanced by the re- 
pulfion of the redundant fluid in DCFE. I9j 

V. A fpark will now be obtained from the foie, be- Deadjlaii, 
caufe it was faintly pofitive before, and there has been 
added the adlion 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- 
tradl fluid, although the cover already contains more 
than its natural quantity. A fmall fpark will therefore 
be feen between the cover and any conducing body 
prefented to it. By touching it, the neutrality or equi- 
librium is reftored at GH ; 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- 
miniftiing, fo as foon to become infenfible, if the three 
parts of the eledlrophorus be thin. This makes it pro- 
per to make them otherwife, if the inftrument be in- 
tended for illuftrating the theory. 

At lart 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 iole con- 
tain more than their natural {hare of eledlrie fluid. We 
may call this tlve neutral or dead ftate of the elec- 
trophorus. _ ^ | 

This ftate may be produced at once, inftead of doing 
it by thefe alternate touches of GH and EF. It wej}ate, 
touch at once both thefe furfaces, we have a bright, 
pungent fpark, and a fmall fliock. If this be the ob- 
jeft of the experiment, the ftate N° IV. which gives oc- 
cafion to it, may be called the charged ftate of the 
eledtrophorus. 

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 underftand 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 diflipation, or the abforption by 
the cake, is to keep the ele&rophorus with its cover on. 
It will come into this neutral Rate by diflipation 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 it the cake and 
plates are very thin. 

Charging or VI. If the cover be now removed to a diftance, both 
tdivejiau. parts of the apparatus will (hew ftrong marks of eledlvi- 

city. The cover contains much redundant fluid, and 
mutt appear ftrongly pofitive, and will give a bright 
i'park, which may be employed for any purpoie. It may 
be employed for charging a jar pohtively by the knob, 
if we juft touch the cover with the knob. The tole 
will attraft 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 abfence 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 ajar 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 ttate. 

Ele&ro- This ftate of the apparatus has caufed it to get the 
phonH not name EleElrophorus. Volta, its undoubted inventor, 
af

n,^z.ine called it EleSroforo perpetuo ; for it appears, as has been 
rity 'Wt'a already obferved, to contain a magazine of eleftricity. 
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 
Ample mechanifm, connedled with the motion of the co- 
ver, which fhall 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 eledfrophorusv But it is by no means a magavsine 
of eled!ricity which it gradually expends : it is a col- 
lector of eledfricity 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 fhock 
may flill 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 almoll 
imperceptible when the pieces are thin, 

jpg 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 obftrud! the entry into the 
cover. If we then, without removing the finger from 
the cover, touch the foie, nothing is felt; but if we firft 
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touch the foie, and, without removing the finger from 
it, touch, the cover, we obtain a fhock. This is evi- 
dent from the theory. By this feries of alternate 
touches, the period of the eledlrophorus is completed. 
The eledtrophorus 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 oppofite 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 eled!rophorus has loft its virtue, it may be^^J^rc* 
brought again into an adfive ftate in a variety of ways.1- 

Its furface may be rendered negative by fridlion with 
dry cat dr hare ikin, or warm flannel. It may be ren- 
dered negative by fetting on it a jar charged negatively 
on the iniide, and then touching the knob with any 
thing communicating with the ground. This is the 
moft expeditious method, and will give it a high degree 
of excitation, if the jar be of fize, and if the eledlropho- 
rus be covered with a plate of tinfoil which comes into 
contad! 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 eled!rical machine. We had almoft for- 
gotten to remark, that the effedfs 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 q. 
plate of coated glafs. It is true that it may be broughtraW^t to a 
into an external ftate which very much refembles a char-charged 
ged pane ; namely, when the cover, in its natural ftate,PaI,c' 
is fet on the eledlrophorus in its natural ftate : and ac- 
cordingly it gives a {hock, and the two exterior furfaces 
become neutral ; but the internal conftitution, and the 
adting forces, are totally and ejfehtially different. The 
two coatings of the pane would not, when feparated, 
exhibit the appearances of the eledtrophorus ; nor, when 
touched in their disjoined ftate, will they produce the 
fame effedts when joined. In the operation of coated 
glafs, the conftant or invariable part, the glafs is not the 
agent, it is merely the ouafnm of the adtion, by allowing 
the accumulation. In the eledtrophorus, the electric, 
which is the conftant invariable part, is the agent produ- 
cing the accumulation. The electrophorus is an origi- 
nal, and a very ingenious and curious eledtrical 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 had been diverted from fei- 
entific purfuit by the variety of the lingular and amu- 
fing effedts of eledtricity, and had really attained very 
little connedted knowledge. The effedts 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 eledtricity, and the kind and 
intenfity of the adtions. It is therefore moft ungrate- 
ful in the experimenters who have attained better view's, 
to attempt to rob Mr Volta of the real merit of difeove- 
ry, by ffiewing that its effedts are fimilar to thofe of Mr 
Symmer’s ftockings, or of Cigna’s plates, or of Frank- 
lin’s charged or difeharged glafs panes. And the at> 
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tempt deflroys Itfelf: for it {hews the ignorance or in- 
attention of its author ; for the fimilanty is not real, 
as will appear clear to any perfon who will examine 
things minutely and fcientifically, proceeding in this 
examination on fuppoiitions fimilar to thofe which we 
employed in the analyfis of Richmann’s experiment. It 

* was indeed in fubferviency to this examination that we 
entered into the detail of that experiment, it being a 
iimpler cafe. The accurate examination of Richmann’s 
experiment requires the fluxionary calculus in its refined 
form. In the prefent quettion five a£bng ftrata are to 
be confidered, which renders the formulse very compli- 
cated, and indeed intractable, unlefs we make the plates 
extremely thin ; which, fortunately, is the heft form of 
the inftrument. We have completed this mathematical 
analyfis ; and the popular view here given is the refult 

IS)(? of that computation. 
Condenfator The electricians are no lefs obliged to Mr Volta for 
cf eledtri- another machine, or iuftrument, from which the Itudy 

of Nature's operations has derived, or may derive, im- 
menfe advantages. We mean the condenser or col- 
lector of eledlricity. We refer to the article Elec- 
tricity in the Encyclopedia for a delcription of the 
inftrument, and fome account of its effefts and proper- 
ties. The general effect is to render lenfible an accu- 
mulation or deficiency of ele£tric fluid fo flight that it 
will not affedt the moft delicate eleffrometer ; and it 
produces (at leaft in the opinion of Mr Volta) this ef- 
fedt, by employing for the foie of an eledtrophorus a 
body which is an imperfedi condudtor, fuch as a plate 
of well dried marble, or well dried, but not baked, 
wood ; or even a condudting body, covered with a bit 
of dry taffety or other lilk. Mr Volta, Cavailo, and 
others, wdio have written a great deal on the fubjedt, 
have attempted to ihevv how thefe fubftances are pre- 
ferable (and they certainly are preferable in a high de. 
gree) to more perfect infulators : but not having taken 
pains to form precife notions of the difpolition and ac- 
tion of the eledlric fluid in the fltuations afforded by 
the inftrument, their reafonings have not been very clear. 
VTe think that an adequate conception of the effentials 
of the propofed inftrument may be acquired by means 
of the following confiderations : 

Furnifli the cover of an eledtrophorus with a gra- 
duated eledtrometer, which indicates the proportional 
degrees of eleclricity ; 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 infulatihg 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 eledlrometer will gradually fubfide, 
and perhaps will reach to 2° before the eledlricity is 
communicated in a fpark. Stop it before this happens. 
In this ftate the attradlion of the lying plate produces 
a compenfatio.n 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 ftratum above. 
This needs no farther explanation after what has been 
£aid 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 eledtrified 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 

elt’dfric, we may eledtrify the cover again, while fo near 
the metal plate, to the degree 6, before it will ftrearn 
off into the air. If it be now removed from the lying 
plate, the fluid would ruife the eledtrometer to io, did 
it not immediately ftream oft ; and an eledtric excite- 
ment of any kind which could only raife this body to 
the degree 6 by its intenftty, will, by this apparatus, 
raife it to the degree io, if only copious enough in ex- 
tent. If we do the fame thing when the wire is taken 
away which connedts the lying plate with the ground, 
we know that the fame diminution of the eledlricity 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. Tie feems to have obfeured his conceptions of it thereof, 
by having his thoughts running upon the eledtrophorus 
lately invented by him, and is led into fruitlefs attempts 
to explain the advantages of the imperfedt condudtor 
above the perfedt infulator. But the apparatus is alto- 
gether different from an eledtrophorus, and is more ana- 
logous in its operations to a coated plate not charged 
nor infulated on the oppofite lide ; 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 diredtions given by Mr Volta for 
the preparation of the imperfedt condudtors fhew, that 
tfm effedt produced is to make them as perftdt conduc- 
tors as poffible for any degree of eledtricity that exceeds 
a certain fmall intenfity, but fuch as fhall not fuffer this 
very weak eledtricity to clear the firft ffep of the con- 
duit. The marble muff be thoroughly dried, and even 
heated in an oven, and either ufed in this warm ftate, 
or varnilhed, fo as to prevent the reabforption of moif- 
ture. We know that marble of flender dimenfions, fo 
as to be completely dried throughout, will not condudt 
till it has again become moift. A thick piece of marble 
is rendered fo, fuperficially only, and ftill condudfs in- 
ternally. It is then in the heft poflible ftate. The 
fame may be faid of dry unbaked wood. Varniftring 
the upper furface of a piece of marble or wood is equi- 
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 perfedt condenfators. This juft view 
of the matter has great advantages. It takes away the 
myfterious indiftindtnefs and obfeurity which kept the 
inftrument a quackiih tool, incapable of improvement. 
We can now make one incomparably better and more 
Ample than any propofed by the very ingenious inven- 
tor. We need only the Ample moveable plate. Let 
this be varniftied on the under fide with a moderately 
thick coat of the pureft and hardeft verms de Martin^ 
or coach-painters varnifh; and we have a complete con- , 
denfator by laying this on a table. If it be connedted 
by a wire with the fubftance in which the weak and, 
imperceptible eledtricity 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- 
nedling wire from the infulating handle of the conden- 
fer, and then raifing the condenfer from the table. It 
will then give fparks, though the original eledtricity 
could not fenfibly affedh a flaxen fibre.. 
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It muft be particularly noted, that it can produce 

this condenfation only when there is fluid to condenfe ; 
that is, only when the weak eledlricity is diffused over 
a greater* fpace than the plate of the condenfer. In 
this way it is a moil excellent colltftor of the weak at- 
mofpheric eleftricity, and of all diffufed eleftricity. But 
to derive the fame advantage from it in many very inte- 
rejling cafes, fuch as the inquiry into the ele&ricity ex- 
cited in many operations of Nature on fmall quantities 
of matter, we muft have condenfers of various fizes, 
fome not larger than a filver penny. To conftrudt thefe 
in perfection, we muft ufe the pureft and hardeft var- 
nifh, of a kind not apt to crack, and highly coercive. 
This requires experiment to difcover it. Spirit varnifhes 
are the moft coercive ; but by their difference of con- 
traction by cold from that of metals, they loon appear 
frofty, and when viewed through a lens, they appear all 
Ihivered : They are then ufelefs. Oil varniflres have 
the requifite toughnefs,* but are much inferior in coer- 
cion. We have found amber varnilh inferior to copal 
varnifh in this refpeft, contrary to our expectation. 
On the whole, we Ihould prefer the fineft coach-painters 
varnilh, new from the Ihop, into which a pencil has ne- 
ver been dipped : and we muft be particularly careful 
to clear our pencils of moifture and all conducting mat- 
ter, which never fails to taint the varnilh. We fcarcely 
need remark, that the coat of varnilh on thefe fmall con- 
denfers fhould be very thin, otherwife we lofe all the 
advantage of their fmallnefs- 

Mr Cavallo has 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 uling the fmall condenfer at firft, 
or by ufmg a Hill thinner coat of varnilh. 

It will readily occur to the reader, that this inftru- 
ment is n6t inftantaneous in its operation, and that the 
application muft be continued for fome time, in order 
to colleCl the minute elettricity which may be excited 
in the operations of nature. He will alfo be careful 
that the experiment be fo condu&ed that no ufelefs ac- 
cumulation is made anywhere elfe. When we expect 
eleCtricity from any chemical mixture, it never Ihould 
be made in a glafs veflel, for this will take a charge, 
and thus may abfoib the whole excited eleCtricity, ac- 
cumulating it in a neutral or infenfible ftate. Let the 
mixture be made in veflels of a conducting fubftance, in- 
fulated with as little centaCt as poflible with the infula- 
ting fupport ; for here will alfo be fomething like a 
charge. Sufpend it by fiik threads, or let it reft on 
the tops of three glafs rods, &c. 

After this account of the Leyden phial, eleCtropho- 
rus, and condenler, it is furely unneceflary to employ 
any time in explaining Mr Bennet’s moft ingenious and 
ufeful inftrument called the doubler of electricity. The 
explanation offers itfelf fpontaneoufly to any perfon who 
underftands what has been faid already. Mr Cavallo 
has with induftry fearched out all its imperfections, and 
has done fomething to remove them, by feveral very 
ingenious conftruftions, minutely defcribed in his Trea- 
tife on EleCtricity. 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 
nxry fmall fpherules made from a capillary tube of glafs, 

or from a thread of fealing wax. The other plate be- 
ing laid on them, refts on mere points, and can fcarce- 
ly receive any friction which wull difturb the experi- 
ment. Mr Nicholfon’s beautiful mechanifm for expe- 
diting the multiplication, has the inconveniency of bring- 
ing the plates towards each other edgewife, which will 
bring on a fpark or communication fooner than may 
be defined : but this is no inconvenience whatever in 
any philofophical r*fearch ; becaufe, before this hap- 
pens, the eleCkricity has become very diftinguifhable as 
to its kind, and the degree of multiplication is little 
more than an amufement. The Ipark may even ferve 
to give an indication of the original intenfity, by means 
of the number of turns neceffary for producing it. If 
the fine wires, which form the alternate connections in 
fo ingenious a manner, could be tipped with little balls 
to prevent the diflipation, 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 plat«s to approach each other face to 
face, and admit a greater multiplication, if thought ne- 
ceffarT , P 2©4 

One of the moft remarkable faCts in eleCfncity is the Diflipatioo 
rapid difiipation by {harp points, and the impoffibiiity of c]e>5hi~ 
of making any conliderablc accumulation in a body “ry ^ron:i' 
which has any fuch, projecting beyond other parts of\“a,^ 
its furface. The diflipation is attended with many re- 
markable circumftances, udiich have greatly the appear- 
ance of the aCtual efcape of fome material fubftance. 
A ftream of wind blows from fuch a point, and quick- 
ly electrifies the air of a room to fuch a degree, that an 
eleCtrometer in the fartheft corner of the room is affeCt- 
ed by it. This diflipation in a dark place is, in many 
inftances, 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 eleCtricity, but does 
not exprefs himfelt well fatisfied with any explanation 
which had occurred to him. From the beginning, he 
faw that lie could not confider the ftream of wind as a 
proof of the efcape of the eleCtrie fluid, becaufe the 
fame ftream is obferved to iffue from a {harp negative , 
point ; which, according to his theory, is not difperfing, 
but abforbing it. Mr Cavendifli has, in our opinion,, 
given the firft fatisfactory account of this phenomenon. 

To fee this in its full force, the phenomenon itfelf aoj. 
muft be carefully obferved. The ftream 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 lides. It is in this manner that 
it gathers the whole of a large flame into one mafi, 
and, at lart, 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 projecting from tin eleCVrified body, 
continually lupplied from an eleCtrical machine, the 
vortices of this fmoke may be obferved to curl in from 
all lides, 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 glais tube, and if 
its point projeCt not beyond the mouth of the tube. 

Urn 
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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 Hill occupy the axis of the tube, but without 
touching the Tides, we have the ftream very diftin&ly ; 
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 (Jiflipation of eleftricity (for we (hall not fay efcape 
of electric 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 (trong, and the diflipation 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 diflipation of 
eleCtricity is next to nothing, and does not exceed what 
might be produced by fitch 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 diflipa- 
tion becomes infenfible. All thefe faCts put it beyond 
a doubt that the air is the caufe, or, at lead, the occa- 
fion of the diflipation, and carries the eleftricity off with 
it, in this manner rendering eleftrical the whole air of 
a room. The problem is reduced to explain how the 
air contiguous to a (harp eleCtrilied point is eledriftcd 
and thrown off. 

Theory of It was demonftrated in n° 130, that two fpheres, 
lt- connected by an infinitely extended, but (lender con- 

ducting canal, are in eleCtrical equilibrium, if their fur- 
faces contain fluid in the proportion of their diameters. 
In this cafe, the fuperficial denlity 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 wrill 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 fucceffive 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 repuifion of the conduCtor and the confining pref- 
fure of the atmofphere ; otherwife, being alio 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, mull be greater in the fame un- 
meafurable proportion. This denlity and mutual re- 
puifion cannot be diminifhed, and muft even be increa- 
fed, by the matter of the wire forming a cone of which 
the point is the apex ; therefore, if there were no other 
caufe, we muft fee that it is almoft impoffible to confine 
a colledtion 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 ele&rie fluid and ic(S 
a correfponding ingredient of the air. In this ftate of 
conftipation, almoft completely furrounded by the air, unne.!j 
the little mafs of fluid muft attract and be attradedwu
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with very great force, and more readily overcome the 
force which keeps the electrified fluid attached to the 
laft feries of particles of the wire. It unites-with the 
air, rendering it eledric in the higheft degree of redun- 
dancy. It is therefore ftrongly repelled by the mafs of 
conftipated fluid which fucceeds it within the point. 
Thus is the eledrified air continually thrown off, in a 
ftate of eledrification, that muft rapidly diminifh the 
eledricity of the condcdor. 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 noife is undoubtedly owing to the 
atoms of the highly eledrified fluid. Theie are, in all 
probability, rarefied of a fudden, in the ad of eledrifi- 
cation, and immediately collapfe again in the ad of 
chemical union, which caufes a fonorous agitation 
of the air. This eiedrified air is thus thrown off, and 
its pla<?e is immediately fupphed by air from behind, not 
yet eledrified, and therefore ftrongly drawn forward to 
the point, from which they are thrown oft in their 
turn. This rapid expanfion and fubfequent collapfing 
of the air is verified jpy 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 eledricity; and it is of the fame kind with what 
occalions the burfting of ftones, fplitting of trees, ex- 
ploding of metals, &c. by eledricity. The expanfion 
is either inconfiderable, or it is fucceffively produced in 
very fmall portions of the fubftance expanded; for when 
metal is exploded in clofe veffels, or under water, there 
is but a minute portion of gazeous matter produced , 
and in the diffipation by a very fine point, fufficient-ly 
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 eledvified 
thread of wind in the middle. 

From a collation of all the appearances of tledricity, 
we muft form the fame conception of the forces which 
operate round a point that is negatively eledrified, not 
difperfing, but drawing in eledric fluid. It is more 
completely undercharged than any other part of a body, 
and attrads 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 conduding 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 oppolite 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 eledrify 
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 attracted by the front- ybnd contact, that to extricate their efTe&s from the 
jug part of the other body, and muft fly thither in pre- complicated phenomenon i'eems a defperate problem, 
ference to any other point. If, moreover, the fronting There is fome hitherto inexplicable chemical compofition 
part of A be prominent or pointed, this effeft will be and decompofition taking place in the transference of 
produced in a fuperior degree ; and tlte current of electricity. Of this a numerous train of obfervations 
electrified air, which will begin very early, will increafe made fmce the dawn of the pneumatic chemiftry leaves 
this difpofition to transference in this way by rarefying us no room to doubt. Thq emerlion or production 
the air ; a change which the whole courfe of electric of light and heat is a remarkable fign and proof. Now 
phenomena flrews to be highly favourable to this trans- this takes place along the luhole path of transference ; 
ference, although we cannot perhaps form any very therefore the procefs is by no means completed at the 
adequate notion how it contributes to this effedt. point from which the adtive caufe proceeds; and al- 
This feerns to be the reafon why a great explofion and though there be certain appearances that are pretty re- 
fnapr with a copious transference of electricity, is ge- gular, they are {till mixed with others of the molt ca- 
ne-rally preceded by a hilling noife like the rulhing of pricious anomaly. The zigzag form of the molt aon- 
wind, which fwells to a maximum in the loud fnap denfed fpark, totally unlike, by its lharp angles, to any 
itfelf. motions producible by accelerating forces, which mo- 

If two prominences, precifely fimilar, and eledtrified tions are, without exception, curvilineal, makes us 
in the contrary way to the fame degree, are prefented doubt exceedingly whether the luminous lines which we 
to each other, we cannot fay from which the current obferve are fucceflive appearances of the fame matter in 
lliould take its commencement, or whether it fnould different places, or whether they be not rather fimulta- 
not equally begin from both, and a general difperfion neous, or nearly limultaneous, eorufcations of different 
of air laterally be the effedt; but fuch a fituation is parcels of .matter in different places, indicating chemical 
barely polfible, and mult be infinitely rare. The cur- compofitions taking place almoft at once ; and this be- 
rent will begin from the fide which has fome fuperiority comes more probable, when we refledton what has been 
of propelling force. We are difpofed to think that this faid already of the jumbling of oppofite currents ; fuch 
current of material eledfrified fubftance mull fulfer great mixtures ihould be expedled. We have feen a darted 
change during its palfage, by mixing with the current flafh of lightning which reached (in a diredtion nearly 
in an oppofite eledlrical Hate coming from the other parallel to the horizon) above three miles from right to 
body. Any little mafs of the one current mull ftrong- left; and it feemed to us to be co-exijhnt ; we could not 
ly attradl a contiguous mafs of the other, and certain fay at which end it began. The thunder began with 
changes fhould furely arife from this mixture. Thefe a loud crack, and continued with a moll irregular 
may, in their turn, make a great change in .the mecha- rumbling noife about 15 feconds, and feemed equal on 
nical motions of the air ; and, inftead of producing a both hands. We jmagine that it was really a limulta- 
quaqua verfum difperlion of air from between the bo- neous fnap, in the whole extent of the fpark, but of 
dies, as Ihould refult from the meeting of oppofite different ftrength in different places ; different portions 
ftreams, it may even produce a collapfing of the air by of the fonorous agitation were propagated to the ear in 
the mutual llrong attradllons of the little maffes. Many fiicceffion by the fonorous undulations of air, caufing 
valuable experiments-offer themfelves to the curious in- it to feem a lengthened found. Such would be the 
quirer. Two little balls may be thus prefented to each appearance to a perfon Handing atone end of along 
other, and a fmoke may be made with rolin to occupy line of foldiers who difcharge their firelocks at one in- 
the interval between them. Motions may be obferved flant. It will feem a running fire, of different ftrength 
which have certain analogies that would afford ufeful in different parts of the line, if the mufkets have been 
information to the mechanical inquirer. There mull be unequally loaded. It is inconceivable that this long 
fomething of this mixture of currents in all fueh trans- zigzag fpark can mark the track of an individual mafs 
ferences, and the moft minute differences in the condi- of eledtrified air. The velocity and momentum would 
tion of a little parcel of the air may greatly affedt the be enormous, and would fweep off every thing in its 
future motions. The moft. promifing form of fuch ex- way, and its path could not be angular. The fame 
periment would be to ufe two points of the fame fub- mufl be afferted of the itreams of light in our experi- 
flance, fhape, and fize, and electrified to the fame de- ments. The velocity is fo unmeafurable that we cannot 
gree in oppofite fenfes. tell its diredtion. There may be very little local mo- 

After all care has been taken to infure fimilarity, there tion, juft as in the propagation of found, or of a wave 
remains one effential difference, thato/ze cKrrf«/h re- on the furface of water. That particular change of 
dundant in elebtric fluid, and the other deficient. This cir- mutual fituation among the adjoining atoms which oc- 

’cumitance mufl produce charadteriftic differences of ap- cafions chemical folution or precipitation may be pro- 
pearance. And are there not fuch differences? Is not the duced in an inftant, over a great extent, as we know 
pencil and the flar of light a charadleriftic difference ? that a parcel of iron filings, lying at random on the 
And does not this well-fupported fadl greatly corroborate furface of quickfilver, will, in one inftant, be arranged 
the opinion of Dr Franklin, that the eledlric phenomena in a certain manner by the mere neighbourhood of a 
refult from the redundancy and deficiency of one fub- magnet. Is not this like the limultaneous precipitation 
fiance, and not from two diftindt fubftances operating in of water along the whole path of a difcharge ? 
a fimilar manner ? For the diftindtion in appearance is a But Hill there muff be fome caufe which gives-thefe 
mechanical diflindlion. Motion, diredlion, velocity, are fimultaneous corufcations a fituation with refpedl to 
perceivable in it. Locomotive forces are concerned in each other, that has a certain regularity. Now the lu- 
it; but they are fo implicated with forces which proba- minous trains (for they are not uniform lines of light) 
bly refemble chemical affinities, hardly operating be- of almoft continuous fparks which are arranged between 
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n pofitive and a negative pvoint, feem to us to indicate 
emanation from the poiitive, and reception by the ne» 
gative point. The general line has a conllderable re- 
femblance to the path of a body projefted from the po- 
iitive point, repelled by it, and attrafted by the nega- 
tive point. This will appear to the mechanician on a 
'Very little refleftion. If.the curve were completely vi- 
iible, it would fornewhat refemble thofe drawn between 
T and N in fig. 35. PABN overpaffes the point N, 
and comes to it from behind ; Y'ab N lies within the 
other, and arrives in a direction nearly perpendicular to 
the axis ; P a BN deferibes a ftraight line, and arrives 
in the diredlion 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 direction in which they are produced 5 and 

. there would perhaps be no 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 charadteriftic of 
the pofitive and negative eledtricities ; but we fee many 
grounds of uncertainty and doubt, and offer it with 

2IO due diffidence. 
X-ichten- The curious figures obferved by Mr Lichtenberg, 
berg’s elec-foftned by the dull which fettles on a line drawn on 

afford^he ^3Ce a miI'ror by the pofitive and by the nega- 
tindtive t^ve knobs-of a charged jar, are alfo uniformly charac- 
marks of teriftic of the two eledtricities. Thefe are mechanical 
^ and — diftindtions, indicating certain differences,of accelerating 

forces. We muff 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 Dijfertations by Spath at Altdorff, and 

alI Other German writers. 
Difiipation It only remains for us to take notice of the general 
•»f eledtrici-laws of the diffipation of eledtricity into the air, and 
ty into the ».l0ljg imperfedt infulators. On this fubjedt we have 

portional to^ome vaiuahle experiments of Mr Coulomb, publifhed 
denfity. in the Memoirs of the Academy of Sciences of Paris 

for 1785. 
Thefe experiments were made with the affiftance of 

an eledlrometer of a particular conflrudtion, which fhall 
be deferibed under the article Electrometer. 

The general refult of Mr Coulomb’s experiments 
was, that the momentary diffipation of moderate degrees 
of eledtricity is proportional to the degree of eledtri- 
city at the moment. He found that the diffipation 
is not fenfibly affedted 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 eledtricity is 
very weak. 

(tit. But he found the diffipation greatly affedted by the 
different flates of humidity of the air. Sauffure’s hy- 
grometer has its fcale diftindtly 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 diffijpatioh of eledtricity : 

Hygrometer. Grains water in Diilipition pgr 
cubic foot. mintite. * 

69 6,197 ... . 
75 - . 7,295; .... At 
 8,045 .... Ay 

87 • • . • • 9,22 t . . . . T?- 
Hence it follows, that the diffipation is very nearly irt 

the triplicate ratio of the moiflure of the air. Thus if 

be confidered as 

6 O 

6 o ry  

7»197 
6,180 

S.o-H 
6,180 

9,220 

m 

m 

6,180 

we have m — 

gives m ~ 

gives m zz 

2,764 

2,76 

3>6i 

Hence, at a medium, m = 3>40» 
We fhould have obferved, that the ingenious author 

took care to feparate this dtffipation by immediate con- 
tadl with the air, from what was occafioned by the im« 
perfedl infulation afforded by the fupports. 

It muft alfo be remarked here, that the immediateDiminutio* 
objedl of obfervation in the experiments is the diminu-of repulfion 
tion of repulfion. This is found to be, in any given °* 
date of the air, a certain proportion of the whole re-^^ 1 

pulfion at the moment of diminution: but this is double 
of the proportion of the denfity of the eledtric fluid s 
for it mull be recolledled, that the repulfions by.which 
wre judge of the diffipation are mutual, exerted by every 
particle of fluid in the ball t of Coulomb’s eledlrometer, 
on every particle in the ball a. It is therefore propor- 
tional to the eledlric denfity of each; and therefore, du- 
ring the whole diffipation, the denfities retain their pri- 
mitive proportion ; therefore, the diminution of the re- 
pulfion being as the diminution of the produdls of the 
denfities, it is as the diminution of the fquares of either. 
If therefore the denfity be reprefented by d, the mutual 
repulfion is reprefentable by dl, and its momentary di- 
minution by the fluxion of dx ; that is, by 2dd, or 2'd 
Xd. Now 2f/X Jis to dz zs 2d is to d; and there- 
fore the diminution of repulfion obferved in our experi- 
ment bears tef the whole repulfion tw’ice as great a pro- 
portion as the diminution of denfity, or the quantity of 
fluid diffipated bears to the whole quantity at the mo- 
ment. For example, if we obferve the repulfion dimi- 
nifhed As-. conclude that As- °f the fluid has efcaped. 

Mr Coulomb has not examined the proportion be- 
tween the diffipations frofn bodies of different fixes. 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 adlually gone off may be greater in a large fphere. 
This may be made the fubjedt of trial. 

It muft be kept in mind, that the law of diffipation j);^p3t;on 
afeertained by thefe experiments, relates to one given depends on 
ftate of the air, and that it does not follow that in the ftate «f 
another ftate, containing perhaps the fame quantity ofche air* 
water, the diffipation 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 eledhic fluid. Mr 
Coulomb thought that he ffiould infer from his nume- 
rous experiments, that the diflipation did not increafe in 
the ratio of the cube of the water diflblved in the air, 
unlefs it was nearly as much as it could difl'olve 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- 
turated with moifture. Now it is well known, that what 
is thought dry air is favourable to ele&ricity. 

T. he diffipation along imperfeft infulators is brought 
about in a way fomewhat different from the manner of 
its efcaping by eledfrifymg the contiguous air and go- 
ing off with it. It feems to be chiefly, if not folely, 
along the furface of the infulating lupport that the elec- 
tricity is diffufed, and that the diffufion is produced 
there chiefly by the moiflure which adheres to it. It 
is not very eafy to form a clear notion of the manner, 
but Mr Coulomb’s explanation feems as fatisfadfory as 
any we have feen. 

Water adheres to all bodies, flicking to their fur- 
faces. This adhefion prevents it from going off when 
eletfnfied ; and it is therefore fufceptible of a higher 
degree of electrification. If we fuppofe that the particles 
of moilture are uniformly difpofed along the furface, 
leaving fpaces between them, the eleftricity communica- 
ted to one particle muft attain a certain denfity befcie it 
can fly acrofs the infulating interval to the next. There- 
fore, when fuch an imperfed condudor is eledrified at 
one end, the eledricity, in palling to the other, will be 
weakened at every ftep. If we take three adjacent particles 

b, c, of this conduding matter, we learn, from n° 105, 
that the motion of b is fenfibly affeded 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 paiticle pafs over. The eledric den- 
fity of the particle £of condudihg matter is diminifhed, 
while the deniity 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 eledrified end of this imperfed infulator. It is 
plain from this confideration, that we muff arrive at laft 
at a particle beyond c, where the whole repullion of the 
preceding particle is jufl fufficient to clear this interval. 
Some will come over, whofe repulfion, now ading in the 
oppofite diredion, will hinder any fluid from fupplying 
its place in the particle which it has quitted. Here the 
transference will flop, 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 alcertained 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. 
. Let R 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 DJB, which cuts the axis in B where the 
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thread begins to infulate completely. Let P/> be an 
element of the axis. Draw the ordinate p/, the tan- 
gent df\'y and the normal t/E, and yV perpendicular 
to P . Let AC be = r, AP x, P ^ — ji. Then 
P/» — x, and de — — y. We have feen that the 
only fenfible adion- on the particle of fluid in P is — 
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(fee n" 105), when the adion of the redundant fluid 

in the globe on the particle P, having the denfity y, is 

reprefented by CJL_. Therefore we have 
('■ + *)* 

R, the coercive power of the thread. This is fuppo- 

fed to be conftant. Therefore —p~— is equal to 

fome coiiftant line R. But Pp, ox f e \ de ~ Y d\ PE. 
Therefore the fubnormal PE is a conftant line. But 
this is the property of the parabola alone; and the curve 
of denflty D J B is a parabola, of which the parameter 
is 2 PE, or 2 R. 5ig 

Lor. 1. The denfities in different points of an im-Variation 
perfed infulator are as the fquare roots of their difiance denfity 
from the point of complete infulation : For PJJ • riD: “ 
= BP : BA. 

n the infu- 
lator. 

2. T. he length of canal required for infulatihg dif- Length ne- 
ferent denfuies of eledricity are as the fquares. of thefcffar>'for 

irifulation 
denfities. For AB = -~p^: ; and PE has been fliewn =Henflt>r* 

to be a conftant quantity. Indeed we fee in the de- 
monftration, that BP would infulate a ball, whofe elec- 
tric denfity is V d, and BA : BjP = AD-; P d\ " a2o 

3- length neceffary for infulation is inverfely asAlfo 
tne cowicive force of the canal, and may be reprefented L_  

„ . D* DA1 D* coercion, generally by For AB is = - —- 
^ 2PE 2R 

Mr Coulomb has verified thefe conclufions hv a very 
fatisfadory feries of experiments, by the afliftance of 
his delicate eledrometer, which is admirably fuited for 
this trial. The fubjed is fo interefling to' every zea- 
lous Undent of eledricity, that Mr Canton, Dr B. Wil- 
fon, Mr Waitz, Wilcke, and others, have made experi- 
ments for efbhlifhing fome meafure of the conduding 
powers of different iubilances. It was one of the tnii 
things that made the writer of this article fuppofe that 
eledric adion 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 repulfions of the ball which 
they infulated. The mode of reafoning offers of itfelf 
and the fluxionary expreffion of the infulating power,’ 

viz. _ led immediately to a force proportional to _1 
x x*. 

Numerous experiments were made, which we do not 
give here, becaufe the public are already poffeffed of 
thofe of Mr Coulomb. 

1 his difeuflion explains, in a fatisfadory manner thep 
operation of the condenfer aS deferibed by Mr Volta. S ortie 
The "eab degrees of eleancty, which are rendered effice, of 
iuihciently fenhble by the infulation of the plate of dry Volta’s""* 
marble, are completely infulated by the perhaps thin^ 
ftratum that has been fufficiently dried, while the reft 
conduds with an efficacy fufficient for permitting the 
accumulation. ° 

4 H When 

1 
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When we refleft on the theory now delivered, we 
fee that the formula determine the diftribution of the 
fluid along an imperfedt condudlor in a certain manner, 
on the fuppofxtion that a certain determinate dofe has 
been imparted to the ball : Becaufe this dofe, by dif- 
fuflng itfelf from particle to particle of the conducting 
matter, will diffufe itfelf all the way to 11, in fuch a 
manner that the repulfion fliall everywhere be in equili- 
brio with the maximum of the coercive force of the in- 
fulatino- interval. But it muft be farther noticed, that 
this refiftance is not aBive, but coercitive, and we may 
compare it to friaion or vifcidity. Any repulfion of 
eledric fluid, which falls fhort of this, will not difturb 
the ftability of the fluid fpread along the canal, accord- 
ing to any law whatever. So that if AD reprefent 
the eie&ric denfity of the globe, and remain conftant, 

ary curve of denfity will anfwer, if —— be everywhere 
X 

lefs than R. It is therefore an indeterminate problem to 
aflign, in general, the difpofition of fluid in the canal. 
The denfity is as the ordinates of a parabola only on 
the fuppofition that the maximum of R is everywhere 
the fame. And, in this cafe, the diftances AB is a 

for, in other cafes of denfity, we mull have minimum 
d d Angle ek' __ lefs than R. If, therefore, we vary a 
x 
ment of the curve D n? B, in order that the liability of 
the fluid may not be difturbed, having d conftant, we 

muft nccelfarily have x larger, that --- may ftill be lefs 
x 

than R ; that is, we muft lengthen the axis. 
We fee alfo, that to afcertain the dillribution in a 

condudling canal is a determinate problem ; whereas, in 
imperfedl conduftors, it is indeterminate, but limited 
by the ftate of the fluid, when it is fo difpofed that in 
every point the adlion of the fluid is in equilibrio witu 
the maximum of refiftance. This confideration will be 

tti 
Explana- 
tion of a 

applied to a valuable purpofe in the article Magnetism. 
This dodlrine gives, iu our opinion, a very latisfac- 

tory explanation of the curious obfervations of Mr 
curious and grookes ail(j ]yjr Cuthbertfon, mentioned in n° 167. 

fadt; and namely, that damping the inflde of a coated jar dimi- 
mechod of nifties the rifle of explofion, and enables it to liolci a 
increafing higher charge. We learn here, that there is no den- 
a charge. great but t}iat the leaft imperfed condudor 

will infulate it, if long enougn ; and that the coercive 
quality of an imperfed condudor may be conceived fo 
conftituted from A tow'ards B, that the denfities fliall 
dimiuifh 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 very imall. How- 
ever great the conftipation at the edge of the metallic 
coating may be, an imperfed condudor may be conti- 
nued outward from that edge, and may be fo conftitu- 
ted, that the conftipation (hall diminifh by fuch gentle 
gradations, that an explofion (hall be impoflible. An 
uniform dampnefs will not do this, but it will dimi- 
nifli the abruptnefs of the variation of denlity. The 
Hate of denflty beyond the edge of the coating of a 
charged jar, very clean and dry, may be repreftnted by 
the parabolic arch T) i a. This may be changed by 
•damping, or properly dirtying (to ufe Mr Brookes’s 
jihrafe), to D/B $ which is evidently preferable. We 

a a? 
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think it by no means difficult to contrive fuch a conti- 
nuation of imperfedly conduding coating. Thus, if 
gold leaf can be ground to an impalpable powder, it 
may be mixed with an oil varnifli in varions proportions. 
Zones of this gold varnifh may be drawn parallel to the 
edge of the coating, decreafiug 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 dodrine farther teaches us, that many precau-Cautions ia 
tions muft be taken when we are making experiments deducing 
from which meafures are to be deduced ; and it points |nea^ure8 

them out to the mathematician. In particular, when rimem*!** 
bodies, fupported by infulators, are eledrified to a high 
degree, the fupports may receive a quantity of fluid, 
which may greatly difturb the refults ; and this quan- 
tity, by exerting but a weak adion on the parts of 
the canal, may continue for a very long time, and not 
be removed but with great difficulty. In fuch cafes,, 
it will be neceflary to ufe new fupports in every expe- 
riment. Not knowing, or not attending to this cir- 
cumftance, many erroneous opinions have been formed 
in feme delicate departments of eledrical refearch. 

Mr Coulomb’s experiments on this fubjed are chiefly 
valuable for having llated the relation betw-een the in- 
ten fity of the eledricity, or, as he exprefles it, the elec- 
tric denfity, and the lengths of fupport neceffary for 
the complete infulation. But, as the abfolute intenfities 
have all been meafured by his eledlrometer, and he has 
not given its particular fcale, w’e cannot make much 
ufe of them till this be done by fome eledrician. 

Mr Coulomb found that a thread of gum lac was Infulating 
the moil perfed of all infulators, and is not lefs than powers of 
ten times better than a iilk thread as dry as it can be 
made, if we meafure its excellence by its ihortnefs. In 
a coiifiderable number of experiments, he found that a 
thread of gum lac, of 1,5 inches long, infulated as well 
as a fine fllk thread of I 5 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,, 
diminiflies its infulating power. We alfo learn that the 
diffipation along thefe fubftances is not entirely owing'- 
to moifture 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 
conduding power of filk thread depends greatly on its 
colour. When of a brilliant white, or if black, its con- 
duding power feems to be the greateft, and a high 
golden yellow, or a nut brown, feemed to be the bell 
infulators ; doubtlefs the dyeing drug is as much con- 
cerned as the fibre. 

Glafs, even in its dryeft ftate, and in fituations where 
moifture could have no accefs to it, viz. in veflels con- 
taining cauftic alkali dried by red heat, or holding 
frefli made quicklime, appeared in our experiments to 
be contiderably better than filk ; and where drawn in- 
to a llender 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 remaikably hurt by 
having a bore, however fine, unlefs the bore could alio 

be 
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l>e coated with lac. Human hair, when completely 
freed from every thing that water could w^alh 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 wiite woods, as they are called, and mahogany, 
were much inferior. Fir baked, and coated with melt- 
ed lac, feems therefore the beft 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- 
creafing its conducing power. Lac, or fealing wax, 
diffolved in fpirits, is far inferior to its liquid ftate by 
heat. 

Thefe obfervations may be of ufe for the conftruc- 
tion of electrical machines of other electrics than glafs. 

General re- We have now given a comparifon of the hypothefis 
e ions. 0f Mr jEpinus with the chief fadts obferved in elec- 

tricity, diverfified by every circumftance 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 pradically ufeful for directing us to the proce- 
dures which are likely to produce the effed we wifh. 
I hus, fhould our phyfiological opinions fuggeft that co- 
pious transference of fluid is proper, our hypothefis 
points out the moft effedual and the moft convenient 
methods for producing it. We learn how to conftipate 
the fluid in a quiefcent ftate, or how to abftrad as 
much of it as pofiible 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 paralyfis of the gullet. Eledricity was 
tried, firft in the way of fparks, and then fmall (hocks 
taken acrofs the trachea. Fhefe could not be tolerated 
by the patient. The furgeon wifhed to give a fhock 
to the oefophagus without affeding the trachea. We 
recommended a leaden piftol bullet at the end of a 
ft t ong wire, the whole dipped in melted fealing wax. 
I his wTas introduced a little way, we think not more 
than three inches, into the gullet, w’hich the pally per- 
mitted. A very flight charge was given to it in a few 
ieconds ; and the firft fliock produced a convulfion in 
the mufcle, and the fecond removed the diforder com- 
pletely. Here the hall formed the inner, and the gul- 

Tk i, *Ct t^ie coating of the Leyden phial. 
afiEpinus^ Notwithftanding the flattering tellimony given by 
is only a great conformity ot this dodnne with the pheno- 
bypothefis. mena> we ftill 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 produdion of 
heat by fridion, we think that we cannot be too cau- 
tious on what grounds we admit invilible 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 ftagger our belief in the ociftence of a fluid fui gene- 
ris, 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. ,Z2. 

Accordingly, many acute and ingenious perfons have The reality 
rejeded the notion of the exiftence of an eledric fluid, of an elec- 
and have attempted to fhew that the phenomena pro-f ic fluid is 
ceed, not from the prefence of a ytcvliar fubftancc, 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 effeds of 
fire by elaftic undulations of the integrant particles of 
tangible matter. 

Wc have feen nothing, however, of this kind that Requifites 
appears to give any explanation of the motions, pref-for a jutl 

fures, and other mechanical appearances of eledricity.tflC0l}'* 
We peremptorily require, that every dodrine which 
claims the name of an explanation, (hall be perfedly 
confident with the acknowledged laws of mechanifm ; 
and that the explanation fhall confift in pointing out thofe 
mechanical lavs of which the fads in eledricity are 
particular inftances. 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 uuderftood. 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- 
luiiiation, and to have a fort of indolent acquiefcencc 
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 attraftions 
and rcpuljtotis — a circumftance which admits of the moft 
accuicite examination and compcinfon vvitli any expla-* 
nation that is attempted. In iucb a cafe, a vague pic- 
ture would fpeedily vanifh into air, and prove to be 
nothing but figurative expreflions. ^ 

Many philofophers, and among them fome refped-No advan- 
able mathematicians, have fupported the dodrine Gf

taKeisPain* 
Du Fay, Symmer, Cigna, &c. who employ two fluids^ 
as agents in all eledrical operations. It mull be grant-of two 
ed that there are fome appearances, where the explana-fluui?. 
tion by means of two fluids feems, at firft fight, more 
palpable and eafier conceived. But whenever we at- 
tempt to obtain meafnres, and to fay what will be the 
precife kind and degree of the adion, we find ourfelves 
obliged to aflign to the particles of thofe fluids adua- 
ting mechanical forces precifely equivalent to thofe af- 
figned by iEpinus to his Angle 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 EJaifur les 
Forces Magnetiques et Eletlriques, 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. "W e 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 
then influence merely from the inattention of their par- 
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tifans to the laws of mechanical motion, and require, in 
order to reconcde them with thofc law s, the adoption 
of powers fimilar to JEpinus’S attraftions 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- 

*27 cuffion. It would be endlefs to examine them ail. „ 
Hypothefis The moft fpecious of any that we know was pub- 
©f ProfdTor];c]y rea(j {n the univerfity of Edinburgh by the late 
Ruffd. James Ruflel, Profeffor of natural philofophy; a per- 

fon of the molt acute difcernment, and an excellent rea- 
foner. It was delivered tq 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 conjedture, faid the Profelfor, 
founded on fuch refemblances as made a fimilarity of 
operation very probable, and was an incitement and di- 
reftion to the philofopher to a proper train of experi- 
mental difcuffion. 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 pofieffion. 

Mr Rulfel confidered the eleftrical phenomena as the 
refults of the aftion of a fubftance which may be called 
the electrical fluid, which is connected with bodies by 
attractive and repulfive forces adting at a diftance, and 
diminifhing as the dillance increafes. 

Mr Ruffel fpeaks of the eledfric 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 adts at a diftance ; whereas 
the particles of air adt only on the adjoining panicles. 
By this conftitution, bodies containing more eledtric 
fluid than the fpaces around them repel each other. 

The particles of this eledfric fluid attradf the particles 
of other bodies with a force which diminilhes by diftance. 

The charadteriftic ingredient of this fluid is electm- 
arr properly fo called. This is united with the elaftic 
fluid by chemical afiinity, which Mr Ruft’el 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, attradls the particles of other 
bodies, but with certain eledlions. Non-eledlrie or con- 
ducting bodies are attradfed by it at all diftances, but 
eledlrics adl on it only at very fmall and infenfible dif- 
tances. At fuch diftances its particles alfo attraCt each 
other. 

By this conftitution, the compound eledtric fluid 
repels its own particles at all confiderable diftances, but 
attradts at very fmall diftances. It attradls conducting 
bodies at all diftances, but non-condudtors 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 eledlricity, and the effeCt 
on the organ of tafte, are proofs of decompofition and 
of the complex nature of the fluid. 

Bodies (conductors) containing eledtric fluid, repel 
each other at confiderable diftances, but, if forced very 
near, attradt each other. Eledlrics can contain it only 

in confequence of the electricity in the compound. Part 
of this eledricity muft be attached to the furface in a 
non-elaftic ftate ; becaufe when it is brought fo near as 
to be attracted, its particles arc within the fpheres of 
each other’s aCtion, and this redoubled attraction over- 
comes the repulfion occafioned by its union with the 
other ingredient; and the eledtric fluid is partly de- 
compofed, and the electricity, properly lo called,- adheres 
to the furface of the eledtric, as the ivater of damp air 
adheres to a cold pane of glafs in our windows. Alfo, 
by this conftitution, eledtric fluid may appear in two 
ftates ; elaftic, like air, wdien entire; and unelaftic, like 
water, when partly decompofed by the attraction oi 
eledtrics. 

Electricity may be forced into this unelaftic union by 
various means; by fridtion, which forces the eledtric 
fluid contained in the air into clofe contadt, and thus 
occafions this decompofition of the fluid and the union of 
its electricity with the furface. This operation is com- 
pared by Mr Ruflel 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- 
tadt with eledlrics; and it may be thus forced into 
union by means of metallic coatings, into which the 
eledtric fluid is forced by an artful employment of its 
mutual repulfions. This operation is compared tojhe 
condenfation of the moifture of damp air by a cold pane 
of the window7; and the evacuation of the other iide 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 Profeflbr’s notes 
above-mentioned many fuch partial analogies, employed 
to ftiew the ftudents that fuch things are feen in the ope- 
rations of Nature, and that his conjedlure merits at- 
tention. 

The intelligent reader wall fee that the general re- 
fults of this conftitution of the eledlric fluid will tally 
pretty well w ith the ordinary eledfrical phenomena ; 
and, accordingly, this conjecture was received with great 
fatisfadfion. We remember the being much pleafed 
with it, as we heard it applied by Mr Ruflel’s pupils,, 
many of whom will recolledl what is here put on re- 
cord. But the attentive reader will alfo fee, that all 
this intricate combination of different Linds 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, w'ithout any fuch accommodations 
tallies fo precifely with all the phenomena that have yet 
been obferved ? Here no diftindfion of action is necef- 
fary, and all the varieties are confequences of a circum- 
llance perfectly agreeable to general laws; namely, that 
the internal ftrudture of fome fubftances may be fuch as 
obftru&s the motion of the eleftric fluid through the 
pores—Nothing is more likely. 

Several years after the death of the Scotch Pro- Hyp0thelii 
feffor in 1773, a theory very much refembling this0fMr(ic 
acquired great authority, being propofed to the phi-Luc. 
lofophers by the celebrated naturalift Mr de Luc. This 
gentleman having long cultivated the ftudy of me- 
teorology with unwearied affiduity and great fuccels, 
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and having been fo familiarly converfant with expanfive 
fluids, and the affinities of their compounds, was difpo- 
fed to fee their operations in almoft all the changes on 
the furface of this globe. Eleftricity was too bufy 
an a£tor in our atmofphere to efcape his particular no- 
tice. While the mechanical philofophers endeavoured 
to explain its effedfs by accelerating forces attradfing 
and repelling, Mr de Luc endeavpured to explain them 
by means of the expanfive 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 moifture, 
whether of fleam or of damp aeriform fluids, in a way 
much more refined than the fimple theory of Dr 
Hooke, viz., folution in air. He confiders the com- 
pound of air and fire as the carrier of the water held in 
lolution in damp air, and the fire as the general carrier 
of both the air and the moiflure. Even Jire 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 attradled by the pane by chemical affinity, and at- 
taches itfelf to the furface. The fire, thus fet at liberty, 
a&s on the pane in another way, producing the equili- 
brium of temperature, and the expanfion of the pane. 
Acting in the fame manner on the moifture which chances 
to adhere to the other fide, in a proportion fuited to its 
temperature, it deftroys their union, enters into chemi- 
cal combination with the moifture, and fits it for uni- 
ting with the air on the other fide, or carries it off. 
Having read Mr Volta’s theory of elettric influences, by 
which that philofopher was enabled to give a fcientific 
narration and arrangement of the phenomena of t\vt.elec- 
trophone 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 in- 

fluences on the plates of the eledtrophorus and the hy- 
grofcopic phenomena of the condenfation and evapora- 
tion ot moifture. In fhort, he was ftruck with the re- 
femblance between the condenfation of moifture on one 
fide of a glafs pane, and its evaporation from the other; 
and the accumulation of ele&ric fluid on one fide of a 
coated pane, and the abftraftion of it from the other. 
Subfequent examination pointed out to him the fame 
analogy between all other hygrofcopic and elcdric pheno- 
mena. 

He therefore immediately formed a fimilar opinion 
concerning the eledfric operations. It may be expreffed 
briefly as follows : 

339. The eleftrical phenomena are the operations of an 
expanfive fubftance, called the eleftricfluid. This con- 
fifts of two parts: 1. Electric matter, which is the gra- 
vitating part of the compound ; and eleBric deferentfluid, 
or carrying fluid, by which alone the ele&ric matter 
feems to be carried from one body to another. The 
refemblance between the hyrgrofcopic and eledftrical phe- 

* See Idea nomena are affirmed to be *. 
*»•/«,ilf*. j watery vapour or fleam is compofed of fire, 

jTfieT&c ^e^erent fluid, and water, the gravitating part, fo eledric fluid is compofed of the eletiric deferent fluid, and 
eletiric matter. 

2. As vapours are partly decompofed when too denfe 
for their temperature, and then their deferent fluid be- 
comes free, and fhews itfelf as fire j fo ekttric fluid 
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that is too denfe is decompofed, and its deferent fluid 
manifefts itfelf in the phofphoric and fiery phenomena of 
eledricily. 

3. A.sflre quits the water of vapour, to unite itfelf 
with a body lefs warm ; fo the elednc deferent quits the 
eleSric matter, in part, to go to other bodies which have 
proportionally Ids of it. 

In this analogy^, however, there is a diftin&ion. Fire, 
in quitting the water in vapour, remains aftuated by 
nothing but its expanlive force ; remains free, and ex- 
tends itfelf till the equilibrium of*temperature is refto- 
red ; but the eledric deferent, when difengaged from 
eledric matter, in order to reftore its peculiar equilibrium, 
is adluated by tendencies to diftintt bodies, and ads by 
this tendency in thus reftonng the eledric equilibrium ; 
and it is only in confequence of this tendency that it 
quitted the eledric matter. This tendency is then dire di- 
ed to feme body in the vicinity. 

4. As the_y?re of vapour pervades all bodies, to re- 
ftore the equilibrium of temperature, depoliting the water ; 
fo the eledric deferent quits the eledric matter, to reftore 
the eledric equilibrium in an inftant, and for this pur- 
pofe pervades all bodies, depofiting on them the eledric 
matter which it carried, but differently, according to 
their natures. 

5. JVsflre and water, while compofing vapour, retain 
their tendencies and affinities by which they produce the 
hygrofcopic phenomena ; fo the ingredients of the eledric 

fluid, even in their ftate of union, retain their tendencies 
and affinities, which produce the greateft part of the 
eledric phenomena. 

6. In particular, the eledric matter retains its tendencies 
and afflmties ; and farther, the eledric affinities are, like 
the hygrofcopic, without any choice. 

Here, however, there is a farther diftindion. The 
affinities of water reiped only hygrofcopic fubftances ; 
but thofe of eledric matter refped all fubftances, and 
therefore refped the common atmofpheric fluids. 

7* When> 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 powei s; fo in the reftoration of the equilibrium of 
the eledric deferent among neighbouring bpdies, thofe 
which have proportionally molt eledric matter aifo retain 
moil deferent fluid, but in a latent ftate. 

8. As two maffes of vapour may be in expanftve equi- 
librium (which others call balancing each others elafti- 
city), although the vapours contain very different pro- 
portions oifire and water ; fo twTo maffes of eledricfluid 
may be in expanflve equilibrium, although one contains 
much more eledric matter in the fame bulk, provided 
that the eledric deferent be a!fo more copious. 

The chief diftindion that mingles with thefe analo- 
gies is, that the affinity of water to hygrofcopic fub- 
ftances operates only in contad, whereas eledric matter 
tends to diftant bodies ; and thefe diftances 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 furniftf- 
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 con! 
denfation of moifture contained in damp air. 

Mr de Luc, led by the habits of |}is former ftudies*. 
attempts 
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attempts to explain every thing hy 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 moif general fafts. 

I. 'The conditions of conduBors and non-conduclors. 
This diilindh’on depends on the differences in the ten- 

dency to diflant bodies: there 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 fehfible diflindfions of thefe claffes of bodies. 
FJeBric matter tends to conduBors at great diftances ; 
but having reached them it does 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 
contaft, it adheres, and can no longer be dragged by 
the deferentfluid. 

•Hence the operation of conduBors and non conduBors ; 
and there is no other foundation for the notion of idio- 
eleBrics and mn-eleBrics, or ele£bics 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 condudtor (Surely this is a dif- 
tindfion in the body, independent of the diftance of mu- 
tual tendency !). 

Hence, too, the property of non-conduBors by which 
the eledlric 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 conducing 
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 decompufe 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 bndy, and muft 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 ele&ric 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 fubfances receive their 
water by thefre. 

All the differences in the tendencies to bodies pro- 
ceed from the eleBric matter. The deferent fuid follows 
other laws ; namely, i. Its tendency to all fubflances 
ts gt eater than that of the eleBric matter to any one. 
2. 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 fuid has 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 compoffng eleBric fuid, has more or lefs expanfve 

force as it is united to more or lefs deferent fuid. 

Explanation of Charged Plates. 
Mr de Luc fays ($ 286.), that his System was fug- 

gefted by Volta’s Theory of EleBric Infuences. Thefe 
(fays he) had been pretty well generalifed before, but 
with little improvement to the fcience, till Mr Volta dif- 
covered a circumftance which, in his opinion, cormetted 
by a general theory many phenomena which had formerly 
no obferved relation to any thing. This was, that when 
a body eleBrifed poftively brings a neighbouring body com- 
municating with the ground into the negative fate, its own 
poftive 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 eledfxic 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, &c. 

“ My System (Mr de Luc fays) concerning tho 
nature of the eleBric fuid 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 lawrs 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 is decompofed, the water ad- 
heres to the furface, and the fre penetrates the glafs, 
heats it, and increafes the evaporation from the other 
/ide, by entering into combination with the water, and 
carrying it off with it. More vapour is condenfed on 
the fide A ; more fre reaches the fide B, and carries 
off more water. But as this happens only becaufe the 
fre 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 ftmilar. The eleBric fuid reaches the fide A, is 
decompofed, and the eleBric matter is there benumbed 
and fixed. The deferentfu'td penetrates the pane, and 
carries off the eleBric matter from the fide B. This 
goes on, but fiackens ; and the maximum of accumula- 
tion and evacuation obtains when the fide A has ac- 
quired the fame inteniity of eleftricity 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 inadive, becaufe the eleBric matter is 
benumbed and fixed. Though the eleBric matter is 
much diminiftied in B, yet the eleBric fuid in its coat- 
ing has as much expanfive force as that of the ground ; 

becaule 

33** 



ELECT 
fcecaufe it has a furplus of deferent fluid. The abfolilte 
quantity of eledric matter in both Tides is fomewhat aug- 
mented.^ 

332. This explanation of the Leyden phial comprehends 
the whole of Mrde Luc’s theory; and the conftitution 
of the eleftric fluid, and its various affinities, expanfive 
powers and tendencies, are all afligned to it in fubfer- 
viency to this explanation, or deduced from thole phe- 
nomena.^ As the author, in all his writings, claims fome 
fuperiority over other naturalifts for more general and 
comprehenfive views, and for more fcrupulous attention 
to precilion and meafurement, and particularly for more 
folicitude that no natural agent be omitted that has any 
(hare in the procedure—he furely will not be offended, 
although we ffiould ftate fuch difficulties and ©bjeaions 
as occur to us in the confideration of this System (as 
he choofes to call it) of ele&ricity. 

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 expanfive forces, 
tendencies, and affinities. His language wdl appear to 
fome readers, as it does to us, rather to exprefs the con- 
du A of intelligent beings, afting 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- 
fh uAive, 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 fubjeA, while he 
is really thinking of a thing of a different nature. We 
apprehend that a great deal of this happens in this in- 
flance, and that when the narration is ifripped of its fi- 
gurative language, it will be found without that con- 
neAion and analogy which it feems to poffefs. 

We alfo wifh that the explanation had been derived 
from fome well-eftabliflied principle. The whole of it 
is profejfedly founded on a refemblance between the 
phenomena of eleAricity, and fome things faid of wa- 
tery vapour; but thefe are not the phenomena of wa- 
tery vapour, but Mr de Luc’s hypothefis (he will par- 
don us the term, which we prefer to fyjiem) 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 praAice; and their rules of philofophifing have ftill 
currency among philofophers. Explanation, in our opi- 
nion, is the pointing out fome acknowledged general 
faA in nature, and fhewing that the particular pheno- 
menon is an example of it. We do not fee this jn Mr 
tie Luc’s explanation ; becaufe we do not fee the faffs 
in the cafe of watery vapours to which the phenomena 
of eleAricity are laid 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 mult 

(a) We may here afk, How comes there to be fuch a 
benumbed? or in what ftate is it? 
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now add, that the eleAric phenomena, which Mr de Luc 
calls like the phenomena of watery vapour, are all fup- 
pofitions; and that therefore the explanation is a fyltem 
of fuppofitions, framed fo as to be like the fyftem of 
watery vapour. For Mr de Luc will grant, that, on 
the one hand, we fee nothing like the water in the elec- 
tnc phenomena ; and, on the other hand, there is no- 
thing in watery vapour like the motions of the eleAro- 
meters, which are the only phenomena from w'hich 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 Lac 
to change the talks of the ingredients, both of vapour 
and of eleffric fluid. IVater, and not fre, feerns to be 
the carrier or deferent fluid; and we think that Frank- 
lin and iEpinus have made it highly probable that elec- 
tricity, and not air, is the carrier. 

We have alio great difficulty in conceiving (indeed 
we cannot conceive) how the deferent fluid, from which 
the eleffric matter has been detached by its fuperior af- 

fnity with the fide A, can overcome the fame fuperior 
affinity of the eleffric matter with the fide B (a), and car- 
ry it. off; how the deferent fluid penetrates the non-con- 
duAing pane, in order to carry off the eleffric matter in 
the form of fluid; and how it cannot do this, except 
by means of a conduffing canal, into which it is expreff- 
ly faid that it does not penetrate. It muft not be faid that 
it runs along the furface of this canal: for the fmalleft 
wire will be a fufficient conduAor, covered a foot thick 
with fealing wax. This indeed, according to Mr de 
Luc, allows the deferent fluid to pais; but it muft alfo, 
according to him, ftrain it pretty clear of all eleffric mat- 
ter. For we cannot help thinking, that the procefs 
(although purely ideal) has a clofer refemblance to what 
vve ftiould obierve in a ftream of muddy water poured 
on a ftrainer, both fides of which are previoufly foul. 
If we were difpofed 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 dilcharged by conduAiug' 
canals. 

With refpeA to the fuggeftion of this theory by Vol- 
ta’s theory of eleAric influences, and the ignorance of 
naturalifts before that time of the true ftate of things,, 
we muft obferve, that Mr Ruffel propofed the fame 
analogy to the confideration of his hearers many years 
before ; and it was ver-y 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 Cavendifh before 1771 ; and 
they were defcribed nearly in the fame way by Lane,, 
Lichtenberg, and others.. 

And with refpeA to Mr Volta’s general principle,, 
which Mr de Luc prizes fo highly, and by which he 
explains every thing, we rnuft obferve, that it is not true 
as a phenomenon in eleffnkity ; but, on the contrary, ths 
pcfitive flute of a body is tendered fronger, or more remark- 
able, by inducing the negative fate on a neighbouring body* 
See n° 32-. and 66.—Mr Volta was milled by the appearl 
ances of the eleArophorus, which had engaged all his 
attention, and modelled all his notions on theie fubjeAs. 
      His; 
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T^ls obfcrvations had been confined to difijs; and though 
thefe are excellent inftruments for producing very fen- 
fible effedts, they are quite unfit for examining the ge- 
neral nature of eledfric influences. Even without much 
knowledge of dynamics, a perfon mull perceive that the 
adtion of their different parts on the eledlrometer may 
be very different, by reafon of their different pofitions 
and diftances from it. Befides, the eledtrometers of the 
apparatus deferibed by Mr de Luc in fedt. 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 condudtors of confiderable length. There- 
fore, although all the eledtrometers fell lower when the 
other group of difks was brought near, the pofitive 
ftate of the neareft difk was greatly augmented. The 
moft unexceptionable apparatus for this purpofe would 
be a row of polifiied balls on infulating Hands, placed 
in contadt, 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 eledtrometer, 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 eledfricity of the 
balls neareft to it will be found greatly augmented, and 
that every one of them will be found in that precife 
ftate of eledlrifieation that is pointed out by the aEpi- 
mian theory. Mr de Luc has made and narrated the 
experiments with the diiks, and the curious figures ob- 
ferved by Lichtenbergh, 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 balls, 
which was pradlifed 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 flender glafs rod varnifhed. T he 
lower end of the llalk was fixed in a little block of 
wood which had a fquare hoL through it, by which it 
fiided fteadily along a horizontal bar of mahogany, lup- 
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 feeu 
in the toyfhops, carrying a company of foot foldiers, 
who open and clpfe their ranks and files by pulling or 
pufhing the ends of the frame. Taking out the pins of 
the middle joints of this chequered frame-work, and 
widening the holes for receiving the glafs ftalks, it is 
plain that all the balls will feparate at once, in the very 
ftate of electricity in which they were when in the 
neighbourhood of the non-infulated group. This ap- 
paratus confifted of fix balls. We found the ball next 
the other group much more ftrongly pofitive than be- 
fore bringing that group near; and it was generally the 
third ball which feemed equally electric in both fitua- 
tions. We added nine balls more, connecting the whole 
by a fimilar contrivance ; and found it a moft inftruc- 
tive apparatus for the theory of the diftributiou of the 
electric fluid. We wilh that it had occurred to us when 
the n° 62, &c. were under confideration. 

With refpect to the condition in which the electric 
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-condu&ing furface (which condition Mr de Luc 
eonfiders as charadteriftic of fuch fubftances), we mull 
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fay that the defeription of its ftate is by no means agree- 
able to what we have obferved. The powers of this 
eleElric matter are no more benumbed or enervated (it is a 
very unphilofophical phrafe), than if it were in a con- 
ducting body at the fame diftance from the oppofite coat- 
ing. If coatings be applied to a block of glafs of two 
or three inches in thicknefs, and if the ele&rification 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 eledfricity of the 
two coatings with or without the giafs. The electric 
matter in the fide 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 *».e bring off a quantity of cleRric 
matter, greater (according to his own account) than 
what will be benumbed on the other fide ? Nay, we muff 
alk, where does he find it ? Is there a quantity already 
benumbed there ? What is to revive it ? 

Let us now confider a little the conftitution of the 
ingredients of this eledtric fluid, by which all theie 
things are brought about. And in doing this, let 
us baniih, when poffible, all figurative language ; and, 
in the precife and dry phrafeology of dynamics, let us 
fpeak of the motion of fingle particles of the electric 

fluid, deferent fluid, and electric matter. By expanflve 
power, muff certainly be meant fuch a power as that by 
which air, gafes, inflamed gunpowder, fteam, and the 
like, enlarge their bulk, and which is clearly manifefted 
as a mechanical preffure, by burfting veffels, impelling 
bullets or piffons, &c. as well as by the adlual 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 folely from what 
we underfland of this power in air or the other fluids. 
Newton’s Principia are our authority for faying that all 
that we know of it is, that it acts as a number of cor- 
puicles would act, which repel each other with a force 
inverfely proportional to their diftances; this adtion not 
extending beyond the adjoining corpufcle, not even to 
the fecond. We know a good deal of the propagation 
of preffure and progreffive motion through fuch 3 fluid, 
when it is confined in a veft'el, or fyilem of veffels, of 
any form, and fome few fimple circumftances which 
take place in the elaitic undulations which may be ex- 
cited and propagated through it. We have but a very 
indiflinSl 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 indiftindt; but we are 
certain that it will be like the motion of two maffes of 
air blown or driven againft each other. Now theie 
eledtric fluids, by their expanfxve powers, muff adt like 
thofe others with which we are more familiarly ac- 
quainted. And here we venture to lay, that the appear- 
ances in eledtricity are fo far from being like thtfe, 
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 eleftric fluid obliges us 
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 

like 
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like dreams of this ekflricfluid, impelling or any way ail- 
ing on each other, except in the transference by fparks; 
and there it was indeed like the motions of air, for it was 
not electric fluid, nor electric matter, but electrified air. 

Let us next confider the tendencies by which the re- 
lations of thefe expaniive fluids to other bodies are pro- 
duced, and the eleilric motions are faid to be explained. 
We obferve that Mr de Luc avoids the ufe of the words 
attraftion and repulflon, fo much employed by the Bri- 
tifh philofophers. He coniiders thefe tendencies as de- 
terminate impulfions, and adopts the doftrine of Le 
Sage of Geneva, who has not only laid Newton under 
great obligations, by a mechanical explanation of gra- 
vity, but has alio explained expanfion, elalticity, che- 
mical affinity, and all fpecific tendencies, to the fatif- 
fadlion of the moft eminent mathematicians. To fuch 
only Mr de Luc profefles to addrefs himfelf. who are 
not contented with a doctrine which fuppofes bodies to 
a£t 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 § I57> as demonltrated 
by Mr Prevolt, the editor of Lucrece Neutoniev, is a 
complete dereliction of the firlt 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 ly Item relied ; otherwife it is 
only reviving “ dixit philofophus, ergo verutn” 

But let us fee what thefe tendencies perform. Mr 
de Luc fays, that the fluid, fetting out from a body by 
its expanfive power, would move in a llraight line with 
inconceivable velocity, and would immediately defert 
even this globe, were it not defleCled by its tendency to 
other bodies. W^e do not fee whence, this immenfe ve- 
locity is derived. But let it go off; it is defleCted from 
its reCtilineal courfe by its tendency to fome conducting 
body, which it reaches, but cannot, nor does not enter; 
and therefore mufl 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- 
rection of the axis of the point, &c. Here we are at 
home ; for this is a plain dynamical problem of central 
forces. All that we lhall fay on this head is, that Mr de 
Luc has certainly not confidered the planetary motions 
with attention, when he hazarded this very comprehen- 
flve propofition. If he will take the trouble to do this, 
he will fee that every part of it is inconfiftent with the 
acknowledged law’s 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 projeCt 
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 diftindt 
notion of fuch circulations round every conducing bo- 
dy ; they wu'll 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 mull grant 
that they really happen there ; or what prevents the 
eleCtric fluid from hdmgflrained clear of all eleCtric mat- 
ter in paffing through the air ? 

We would alfo alk, why the tendency is always from 
the body containing mofl of the fluid to that containing lead ? 
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It is not enough to fay that it is fo : this would only 
be contriving a thing to fuit a purpofe ; a reafon fliould 
be given if we pretend to explain. Now the tendency 
to a dillant 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 wffiole, we cannot think this theory is any 
thing hut telling a Icory of ideal beings, in very figura- 
tive language, which gives it fome animation and inte- 
reft. The different affin ities, tendencies, and powers, 
are only ways of expreffing certain fuppofed events, and 
failed to thofe events : but it gives no explanation of 
the obferved mechanical phenomena of electricity, (hewing 
from acknowledged principles that they muft be fo. 

What a diffe rence between this laboured and intri- 
cate mechanifm, and the fimple, perfpicuous, and dif- 
tindt theory of iEpinus ! Even Mr Ruffel’s explana- 
tion is more intelligible, and more applicable to the?/?*?- 
tions which are really obferved. That gentleman faw 
the neceffity of confidering them as the fubje&s of me- 
chanical dtfcujjion, and that all that was wanted was to 
find out what law of diftant action would tally with the 
phenomena. The Scotch philofopher was careful to 
warn his hearers that he only propofed a conjeaure. The 
Swede calls his performance Tentamen Theories, &c. and 
begins and concludes it with exprefsly faying, that it is 
only a hypothefls. The Englifii 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 
fubjeft. It (truck us as a very proper example of the 
bad confequences of indulging in figurative language. 
It muft be very feducing, when fo fcrupulous and" fo 
eminent a philofopher as Mr de Luc is led aftray by it. 

We conclude this long article by obferving, that 233 
whatever may be the fate of Mr ^Epinus’s hypothetical 
theory, his claffification of the faCts, and his precife de- 
termination of the mechanical phenomena to be expeCted 
from any prqpofed fituation and condition of the fub- 
ftances, will ever remain, and be an unerring direction 
in future experiments ; and the whole is an jlluftridus * 
fpecimen of ingenuity, addrefs, and good reafuning. 
We hope to make this ftill more evident, when we ap- 
ply it to the quiet and manageable phenomena of Mag- 
netism 

Pondere et menfurj. 

APPENDIX; 
CONTAINING AN ABSTRACT OF MR COULOMB’S 

EXPERIMENTS. 

Mr Coulomb in the Mem. de l’Acad, de Paris for 
1786, relates feveral experiments made for afeertaining 
the difpofttion or diftribution of the elearic fluid in an 
overcharged body. Their general refults were, 

I. That the fluid is diftributed among bodies accord- 
ing to their figure, without any ekaive affinity to any 
kind of fubftance. 1 

For when a ball, or body of conduaing matter, and 
of any fhapej is ekarified to any particular degree, as 

4 I indicated 
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Indicated by his ele&rometer, if it be touched by ano- 
ther equal and fimilar body, fimilarly fituated in refpeft 
of the touching points, the electricity is always reduced 
to i. 

2. In an overcharged conducing body, the fluid dif- 
fufes itfelf entirely along the furface, without penetra- 
ting into the interior parts. 

The conducting body AB (fig. 37.) had pits <7, b, 
&e, made in various parts of its lurface. They were 
half an inch in diameter, and fome of them Th-th, others 
■j-h-ths, others -^ths, &c. in depth, c reprefents the 
edge of a fmall circle of gilt paper, ~-th of an inch in 
diameter, iixed perpendicularly on the end of a fine 
thread of gain lac. The body was eie&rified and 
touched with this little eledtrofcope, bv fetting it flat 
down on the furface. The circle c was then prefented 
to an eleftrometer which moved 90 degrees by a force 
not exceeding ^oVoth of a French grain. When this 
contact was made with the even furface of the con- 
duftor, it was ftrongly electrified, and particularly when 
it touched any eminence, or the ends of long cylinders, 
&c. The paper being exceedingly thin, and placed in 
full contact, it may be fuppofed to bring off with it 
the quantity of fluid correfponding to that part of the 
furface, or rather a greater quantity. But when it was 
made to touch the bottom, even of the ihalloweft of thefe 
pits, it did not affedf the eiedfrometer in the leaft. 

Fie demonftrates the following elementary theorem : 
The attraction or repulfion being fuppofed to be pro- 

portional to the inverfe of any power m of the diftance; 

that is, being as — : if wz be greater than 3, the action 

of all the mafles of fluid which are at a finite diftance is 
nothing in companion with the aCfion in contaft ; 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 
feems to be the cafe in eleftricity, the adtion of all the 
mafles at a finite diftance is not infinitely fmall in com- 
parifon with the action in contadt, 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 effedt. 

Let A a BF (fig. 38.) be a perfedtiy condudting bo- 
dy of any fhape, and let cl a e be a thin fiice feparated 
from the reft by the plane de; let dee be precifely 
equal and fimilar to d a e, and let a b c be perpendicular 
to the feparating plane ; then the action of all the par- 
ticles in the thin flice dae (when eftimated in the di- 
redfiona^) on the particle b, muft balance the adtion 
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 ab iufficiently 
fmall, the difference of denfity at a and at c may be infi- 
nitely fmall; therefore the adtion of the fluid in dae will 
be infinitely near to an equilibrium with the adtion of 
dee ; and the adtion of the fluid in the reft of the body 
on the particle b will be infinitely fmall. This cannot 
be, when the adtion of a mafs of fluid at a finite diftance 
is not infinitely fmall in companion with the adtion in 
contadt, unlefs we fuppofe that the quantity of fluid 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 are quite analogous to 
propofitions in Mr Cavendilh’s differtation in the Plii- 
lofophical Tranfadtions 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 
eledlrometer ; 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 fmali one, till the force of the large body is 
reduced to L fj -f> The general refult was, that 
when the furfaces of the fpheres had the proportion ex- 
preffed in the firft column of the following Table, then 
the denfity ai the fmall one had the proportion expref- 
fed by the numbers of the fecund 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 flender canals, which he found exactly con- 
formable to the determinations of the theory : but 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 thefe touch- 
ing fpheres, in order to obtain fome experimental know- 
ledge of the diftribution. He touched them (while in 
mutual contadf) with the little paper circle, and exami- 
ned its eledlricity by his eledfrometer, and made his ef- 
timation on the fuppofition that it brought off one-half 
of the eleftricity of the touched part. 

When the globes were equal, he found the denfity 
to be o in the point of contadl, and fcarcely fenfible 
till be took the paper 30 degrees from the point of 
contadf. 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 ... . — .... 180 

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 contadt, to about 70, and 
beyond this being fenfibly uniform. 

Hence we may conclude, that the eledtricity is dif- 
fufed with almoft perfedt uniformity in a globe com- 
municating with another at a great diftance by a {len- 
der canal (as Mr Cavendifti 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 denfities inverfely as the 
diameters, as Mr Cavendifh demonftrated, on the fup- 
pofition that the fluid in the canal is incomprefiible. 

He found that a fmall globe, placed between two 
equally large ones, fhewed electricities 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 electricity when the dil|iropor- 
tion was greater. 

When three equal globes were in contaCt, the denfi- 

ty of fluid in the middle globe was of that of the 7 6 . M4 
other two. A fmall globe being removed to a very 
fmall diflance from an overcharged great one, after ha- 
ving been in contafl, (hewed oppofite eleCtricity in the 
fronting point; when a little farther off, it was neutral ; 
and beyond this, it was overcharged- 

The diameters being 11 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 u and 2, the 
diftance which rendered the fmall globe neutral in the 
fronting point was 2i. 

All theie fa£ts are perfectly conformable to a mathe- 
matical deduction, 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 (hould 
remain in the minds of thofe who are not converfant in 
fuch difeuflions, it muft be greatly removed by the faCt, 
that it is quite indifferent whether one or both globes 
be folid, or be an extremely thin (hell. 

When an eleftrified body is touched with a long 
wire, and by another of equal diameter and length, 
coated to any thicknefs with lac or fealing wax, the 
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two wires take off precifely the fame quantity of elec- 
tricity. This was demonftrated by touching a globe re- 
peatedly till the ele&ricity was reduced to 4 

Hence we muft conclude, that the eleftric fluid does 
not form aCtive atmofphfcres around bodies, by the. 
adion of whofe particles in contact (mathematical or 
phyfical) the phenomena of attra&ion and repulfion are 
produced, but by the adion of the fluid in the 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 
ele&ric 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 fenfation was fo different 
from a fpark which conveyed even a much greater 
quantity of fluid from a pretty large, but compact, fur- 
face, that they could hardly be compared. The laft w^as 
like the abrupt twitch with the point of a hooked pin, 
as if pulling off a point of the (kin ; the fpark from the 
long wire w^as more like the forcible piercing with a 
needle, not very (harp, breaking the (kin, and pufliing 
it inward. We had this account from the Doctor in 
converfation. He aferibed it, with feeming jurtice, to 
the momentum acquired by the fluid accelerated along 
that great extent of wire. 

E L E 
IkArlcity, Animal Electricity. See Galvanism, in this Sup- 
Eledrotne- piemen t. 
, t^r‘ ELECTROMETER, is an infirument which mea- 

v_ " fures the quantity of electricity in any eleftrified body. 
The mod common electrometers are deferibed in the 
article Electricity (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 
(till two electrometers, 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 mod accurate and delicate inftru- 
ment of the kind that we have feen, was invented by Mr 
Coulomb, and is adapted to afeertain the fmallelt quan- 
tity of redundant eleCtricity. , The fecond is a late in- 
vention of Mr Cuthbertion, the ingenious improver of 
the air-pump, and is employed only to meafure the 
charge of large jars and batteries. 

Electrometer, by Mr Coulomb ol 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 “ ut tafio fic 
*vis and found, that it was furprifingly exaCt, in re- 
fard. to the force neceffary for twilling elallic wires. 

laving fuipended a nicely turned metal cylinder by a 
fine wire in the diredion oi 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 twifting in times precifely equal, whether 
thefe ofcillations were of a few degrees, or confifted of 
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feveral revolutions. He thence concluded, that the pi xx 
force with which the wire endeavoured to regain it§ 
natural pofition was exaftly proportional to its diftance ^< 
from it. Engaged, foon after, by order from the Mi- 
nifter of ivlarnie, in an examination of the phenomena 
of the mariner’s compafs, he took this method of fuf- 
pending his needles, in order to obtain exadt 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 
philosopher engaged in that ftudy. When his fuccefs 
in this refearch had fully gratified his wiflies, he turned 
his thoughts to the examination of the law of ele&ric 
aaion by the help of an elearometer fufpended in the 
fame manner. It is conftruaed as follows : 
. ABDC (fig. 1.) reprefents a glafs cylinder, iiPlate 
inches in diameter and in height. This is covered by XXVIh 
a glafs.plate fitted to it by a projeaing fillet on the un- 
der furface. ^ This cover is pierced with two round 
holes of i^th inches in diameter. One of them/is in, 
the centre, hnd it receives the lower end of the /aft, 
tube//?, of 24 inches height, which is fixed in the hole 
with a cement made of fealing wax, or other elearic 
fubftance. The top of this tube receives the brais 
coflar H (fig. 2. n° 3.), bored truly cylindrical, and 
having a final! (boulder, which refts on the top of the 
tube. Phis collar is faflened with cement, and receives the 
hollow cylinder ' ■ (fig. 2. n0 2.), to which is joined the 
circular plate *4, 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° i.j, having 
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Eledtrome- a milled head b, and an index i 0, whofe point is h^nt 

tcr- down, fo as to mark the divifions on the circle a b. This 
"—“v   pin turns ftiffly in the hole G, and the cylinder <t> 

turns lleadily in the collar H. To the lower end of the 
centre pm is fattened a little pincer q, formed like the 
end of a port-crayon, and tightened by the ring q, fo 
as to hold fail the fufpenfion wire, the lower end of 
which is grafped by a fimilar pincer P 0 (fig. y), tighten- 
ed by the ring •?., The lower end ? 0 is cylindrical, and it 
is of fuch weight as to ftrain the wire perfedlly ftraight, 
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 with a hole, 
which receives tightly the arm g ^ q oi the eledlrome- 
ter. This is eight inches long, and confifts of a dry 
filk thread, or (lender draw of feme grafs completely 

. dried, and dipped in melted gum lac or fine iealing 
wax, and held upright before a clear fire, till it form 
a (lender cylinder of about yoth of an inch in diameter. 
This occupies fix of the eight inches, from g Xo 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 relittance of the 
air to this plane foon checks the ofcillations of the arm. 

The whole is feen in its place in fig. 1. 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 flip of paper, and 
adhering to the glafs with varnifh. The ele&rified bo- 
dy, whofe action is to be obferved, is another fmall ball 
of cork t, alfo gilt, or a Krafs ball well polifhed. This 
is carried by a ftalk of gum lac in ?, inclofing a dry filk 
thread. This ftalk 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 
m, it Hands fo as to touch the ball a on the arm when 
that ball is oppofite 0 on the graduated circle. 

To eleftrify the bpll we employ the infulating 
handle, fig. 4. wdiich is a {lender ftick of fealing wax or 
lac, holding a metal wire that carries a fmail polifhed 
metal ball. We touch with it fome eleftrified body, 
fuch as the prime conduftor of a machine, the knob of 
a jar, &c. Introduce this ele£lrified 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, twitting 
the fufpenfion-vvire, till the force of twill 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 adtion. But when we would examine the adlien of 
different bodies in different Hates, another apparatus is 
wanted. This is reprefented by the piece c d (fig. 
5.), confiding of a ping of fealing wax A, which fits 
tight into the hole in, and is pierced by the wire c </, 
hooked at c, to receive a wire connedting it occafionally 
with an eledlrified body, and having below a polifhed 
metal ball d. 

The inftrument is fitted for obfervation in the follow- 
ing manner: Turn the milled button b at top, till the 
twill-index i 0 is on the mark o of the twill circle. Then 
turn the whole in the collar H, till the ball a Hands 

oppofite to the mark 0 of the paper circle z OQ, and at Eletfrome. 
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, twitting the wire, and, after a few ofcillations, 
fettles at a diftance correfponding to the repulfion. Now 
turn the twifl-index, fo as to force the ball a nearer to 
t. We ettimate the force of this new repulfion by add- 
ing the motion of the twift-index to the angle at which 
the bail firft retted. By turning the twill-index Hill 
more, we bring the balls Hill nearer, and have a mea- 
fure of another repuliion. — And thus may we obtain 
as many meafures as we pleafe. 

In this way Coulomb aicertained the relation be- 
tween the repulfion and the diftance to be the inverfe du- 
plicate ratio of the diftances. He difeovered the law 
of diflipation by air in contaft, and the relation which 
this bears to the primitive repulfion, by obferving the 
gradual approach of a to t as the electricity diflipates 
from both, and by flackening the twill-index till the 
ball a retires to its primitive diftance. He afeertained 
the diflipation along imperfeft condu&ors and the 
length neceffary for infulation, by completely infulating 
the hall t, and obferving the lofs by air in contad with 
it, and then Aiding a metal rod down the infulating 
ftalk, till the diffipation began to exceed what took 
place by the air alone. He examined the proportion 
of redundant fluid in communicating bodies, by con- 
ne&ing them alternately with the piece, fig. 5. ; as alfo 
by eledlrifying one ball, and obferving its repulfive force, 
and then fharing its ele&ricity with another, and ob- 
ferving the diminution. He examined the graduation 
of his eleClrometer, by fharing the eledricity of one 
ball with an equal ball, which gave him the pofition 
that indicated one-half; and, by repeating this, for one- 
fourth, &c. in the fame manner as we pradlifed and re- 
lated in Electricity (SuppL), n° 141, &c. 

An example of one or two of thofe trials will give a 
clear conception of the conclufions deduced from thefe 
obfervations. 

The ball t was introduced and ele&rified ; a was re- 
pelled, and fettled at 40° ; the index was twilled 140°, 
which brought « to 20 ; and the time was noted. The 
eledlricity gradually diflipated, and a came nearer to t. 
The index was untwifted 30°, and a retired a little be- 
yond 20° ; but on waiting a few feconds, it Hoed 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 + 20, or 160. Three minutes after- 
wards it was 2 1 o + 20, or J 30 ; and 3c0 were loft in 
three minutes, or io° per minute. The mean force was 
145. Therefore the mean lofs per minute was r1^. 
Obferve alio, 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 adlion mull alfo be accounted for ; and the 
real lever is lefs than the arm, in the proportion of ra- 
dius to the cofine of the angle. 

The wire ufed by Coulomb in his firft experiments- 
on the law of a&ion was of fi*ch ftrength, that -yai^k 
of a French grain, applied at the point a, held it faff 

till • 
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33’if(5lrome-tilI the twlft index was turned 360°; fo that one de- 

, gree correrponded to °f a griihi. A foot of 
' v this wire weighed TVth of a grain. Experience having 

fhewn that this was a feniibility far exceeding what was 
neceflary for the meafures that he had in view, and 
made the inftrument too delicate for common ules, he 
fubftituted much ftronger and fhorter wires, and recom- 
mends much fmaller dimenfions for the whole inftt ument. 
We have made two of only five inches in diameter and 
14 inches high ; the arm a g being inches, and the 
fufpenfion a lingle fibre of filk, carrying 30 grains. 
It is far more fenfible than Bennet’s gold leaf elec- 
trometer. 'The fame inftrument, with a iilver wire fuf- 
penfion, and a thread of lac projecting from the end £•, 
as an index to coincide more clofely with the fcale, is 
fufficiently 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 aCtion of the 
glafs may not difturb the pofition of the arm. - It is 
greatly improved by having a round hole in the bottom 
of the inftrument, in which the cylinder C 0 of the 
lower ptncer 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 inftrument, with a fufpenfion-wire {trained at both 
ends, is abundantly delicate, and vaftly more manage- 
able. The wire ftiould extend as far below the arm as 
above it, and finould 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 adjuft the inftrument fpeedi- 
ly. Having placed the twift-index at c, turn this lower 
button gently till the ball a points exactly to o on the 
paper circle. Even in this coarfeft ftate we have found 
it more delicate, and much more exatft, than the eleCfro- 
meter defcribed in Electricity (Suppl.), n° 85. which 
was much more coftly, and liable to accidents. Cou- 
lomb’s eleftrometer has the great advantage of wafting 
very little eleClricity ; whereas Henly’s, or Brookes’s, 
or de Luc’s, wafte it very fall 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 conftrudfion a little. Inftead 
of the wire c d, we ufed the fmalleft glafs tube that we 
could varnifti on the inlide, 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 fullered 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 Jis left completely infulated. When external 
cle&ricity, fuch as the faint electricity of the atmo- 
fphere is to be examined, the wire is allowed to re- 
main in the tube.—N. B. A fcrupulous experimenter, 
who may objedt to the {training fpring recommended 
above, may fubftitute a fmall weight, which will be con- 
itant in its adtion. 

The reader will obferve, that this eledtrometer, as 
hitherto managed, ©eafures only repulfions. It is not 
fo eafy to meafure attradtions with it ; and Mr Cou- 
lomb was obliged to take a very circuitous method, du- 
ring which a great deal of elediricity was diflipated. 
In this refpect, the eledtrometer defcribed in the article 
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Electricity {SuppJ.^ lias the advantage ; but in every Elcdlrome- 
other relpedt, Mr Coulomb’s is the fineft eledtrometer ter’ 
that has yet been publifhed, giving abfolute meafures, and v 

this w’ith great accuracy. The Hon. Mr Cavendfth 
has employed the conftrudtion in his moft valuable ex- 
periments on the force of gravity (Phd. Tranf. 1798, 
Part II.) ; an experiment which Newton would have 
been delighted wnth obferving. 

Cuthbertfon'>s Elfctrometf-r is thus defcribed by 
himfelf in the laft number of the fecond volume of Ni- 
cholfori’s Philofoph'ical ‘Journal. GPI (fig. 6.) is an 
oblong piece of wood, about 18 inches in length and fix 
in breadth, in which are fixed three glafs fupporters, 
D, E, F, mounted with brafs balls, a, r, b. Of thele 
fupporters E and F are exactly of the iame length ; 
but D is lour inches fhorter. 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 orafs mount- 
ing, and the upper turned with a groove to fhut upon 
it, io that it can be taken off at pleafure. The ball b 
has a brafs tube fixed to it, about three inches long', 
cemented on the top of E, 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 ftraight 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, refting upon a proper fiiaped 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 c 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 flop at 
the under one, with its (hank hanging freely in ^ ; 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 conilruCtion, that if the foot 
(land horizontal, and the ball B be made to touch b, it 
will remain in that pofition without the help of the 
weight i; and if it ftiould by any means receive a very 
low charge of ele&ric 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 reft upon a. If 
the balance be fet again horizontal, and the pin 2 be ’ ' 
put into its place in B, it will caufe B to reft upon £, 
with a preffure equal to that weight, fo that more elec- 
tric fluid muft be communicated than formerly before 
the balls will feparate ; and as the weight in B is increa- 
fed or diminifhed, a greater or lefs quantity of eleclric 
fluid will be required to effect a feparation. 

When this inftrument is to be applied to a jar, or 
battery, one end of a wire L muft 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, muft be hung to the hook at m, and carried from 
thence to the outiide of the battery, as is reprefented 
by the line N. C muft be ferewed upon c, with its in- 
dex towards A. The reafon of this inftrument being 
added, is to fliew, by the index continuing to rife, that 
the charge of the battery is increafing, becaufe the 

othes 
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Elot'ti ome- other part of the inftrument does not ael till the battery 

has received its required charge. 
Elephas. ^ 18 almoft needlefs to obferve that this inftrument 
—v~— confilts of three eledtrometers, viz. Henley’s eleidrome- 

ter, Lane’s difeharging eledlrometer confiderably im- 
proved, and Brookes's fteelyard eledtrometer improved 
likewife. By this combination and thefe improvements, 
we pofleis 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 repullive power in weight; -and by the ball A, the 
difcharge is caufed when the charge has acquired the 
ftrength propofed. 

In the journal from which this abftract is taken, the 
reader will find fame curious experiments made with 
batteries by means of this eledtrometer ; but one will 
be fufficient to explain its ufe. Prepare the eledtro- 

. meter in the manner fhewn in the figure, with the jar 
M annexed, which contains about 168 fquare inches of 
coating. Take out the pin in B, and obferve whether 
the ball B will remain at reft upon b; if not, turn 
the adjufting 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, 
hook 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 condudfor of an eledtrical machine^ or a wire 
proceeding from it, touch the wire L ; then, if the ma- 
chine be put in motion, the jar and eledlrometer will 
charge, as will be feen by the rifing of the index of i ; 
and when charged high enough, B.will be repelled by 
6, and A will defeend and difcharge 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 
it 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 exadily as the 
two inches were difpofed in the former experiment. Bv 
repeatrng and varying his experiments, he found that 
double quantities of eledfrical fluid, in the form of a 
difcharge, will melt four times the length of wire of a 
certain diameter. 

ELEC1 ROPHORUS. See Electricity in this 
Supplement. 

ELEPHAS, the Elephant. See Encyelop/tdia t 
where the natural hiftory of this huge and lagacious 
animal is detailed at confiderable length. Since that 
article was publifhed, we have feen the third volume of 
the Afiatic Refearches, in which fome important qUef- 
tions, which we were then obliged to leave in uncer- 
tainty, feem to be decided by John Corfe, Efq. They 
relate, p/?, To the mode in which elephants copulate ; 
which Bufton aflerts (and in proof of his affertion ad- 
duces the ftrudiure 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 evidence, takes place after the manner 
in which the horfe copulates with the mare, id. To 
the method of receiving nourifhment from the mother; 
which is not, as Bufion avers, bv the trunk, but by the 
mouth, which fucks the dug, while the trunk of the 
young animal grafps it round to prefs out the milk. 
gdy Po the period of their going with young ; which 

/ 
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Mr Corfe conceives cannot be lefs than two years ; Elepfianti, 
whereas Bufton and Pennant aflign only nine months a^s 

for the geftation of their young. His realons for this pJ* . 
fuppofition are unanfwerable, and (hall be given in his : ' , 
own words. 
“ -As far as I know, the exadl time an elephant goes 

with young has not yet been afeertained ; 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 fne was taken. She was obferVed to be with 
young in April or May 1788, and {he was only taken 
in January preceding; fo that it is very likely {he muft 
have had connexion with the male fome months before 
fne was fecured, otherwife they could not have difeo- 
vered that {he was with young, as a foetus of lefs than 
fix months cannot well be fuppofed to make any alte- 
ration in the fize or ftiape of fo large an animal. The 
young one, a male, was produced October 16, 1789, 
and appeared in every refpeft 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 on each fide had partly 
cut the gum.” 

When Mr Corfe wrote his memoir, the young ele- 
phant was adlive 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 moll delicious morfel. 

ELEPHANTIASIS (fee Medicine, n° 352. En- 
cycl.) is one of the moll dreadful maladies with which 
the human race is anywhere affli&ed. 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 
phyiicians. 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 10 
grains ; of picked black pepper fix times as much : let 
both be well beaten at intervals for four days fuccefiive^ 
ly in an iron mortar, and then reduced to an impalpa- 
ble powder in one of ftone with a ftone peftle, 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 fflady place. One of 
thofe 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 obftru&ions 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 agajnft all corruptions of the blood, whether 
occafioned by the elephantiafis or the venereal difeafe, 
which they call the Perfian fire, and which they apply 
likewife to the cure of cold and moift diftempets, 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 architefture, denotes a draught 
or defeription of the principal face or lide of a building ; 
called alio its upright or orthography. 

ELLIPSE, or Ellipsis, is one of the conic fec- 
tions, 
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fllij'foid tions, popularly called an oval; being called an ellipfe fully fh’rred. 
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or ellipjis by Apollonius, the firft and principal author 
on the conic fe&ions, becaufe in this figure the fquares 
of the ordinates are lefs than, or defettive of, the rec- 
tangles under the parameters and abfciffes. See Conic 
Sections, Encycl. 

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 <3jm+n = b xm .a — xn 

when m or n are greater than 1 : for when they are 
each = I, it denotes the common ellipfe. 

There are feveral kinds or degrees of elliptoides, de- 
nominated from the exponent m + n of the ordinate jr. 
As the cubical elliptoide, exprefied by ay* =. b x* 
.a — x ; the biquadratic, or furfolid ay* = bx2.a — 
fee. 

EMINENTIAL equation, a term ufed by fome 
algebraifts, in the inveftigation of the areas of curvili- 
neal figures, for a kind of affumed 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, ” To difeover a compofi- 
tion fit for making kitchen utenfils which (hould be 
free from the difadvantages attending copper, lead, tin- 
ned veffels, glazed earthen-ware, See. which fhould be 
as ftrong as pofiible, lefs coftly than the vefiels ufed at 
prefent, and which fhould be able to bear the higheft 
degree of kitchen fire, and the moft fudden changes 
from heat to cold.” 

In confequence of this propofal, Mr Sven Rinman ©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 
the defedts of tinning, and which, when applied to iron, 
fhould take from it the inconveniency of rufting-, and 
of blackening many forts of victuals when they are 
dreffed in it. Thefe experiments he fubmitted to the 
academy, of which he was a member; and as we think 
them important, we fliall lay the fubftance of them be- 
fore our readers.' 

The moft common, and the cheapeft, kind of wdute 
enamel that is to be met writh in the (hops (which is an 
opaque white glafs, compofed of powrdered 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 and agreeable in its appearence, but pof- 
feffed likewife all the pow'er of refifting the adiion 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 confidered as not being capable of refill- 
ing violent blows or falls, he made various experiments 
with fubftances of lefs price; of which the following are 
certainly wrorthy of being related. 

1. The white femi-tranfparent fluor fpar was reduced 
into a fine powder, wu'th an equal quantity of unburnt 
gypfum, and afterwards calcined in a ftrong fire with a 
white heat j the whole being, from time to time, care. 

ENA 
The veffel which he inten ded to coat, 

having firft been wetted by dipping it in water, had as 
much of the aforefaid powder applied to its infide, by 
means of a very fine filk iieve, as would adhere to it of 
itfelf, or could be made to do fo by prefling it with 
the finger. After this veflel 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 veflel being at the fame time covered, fo that no 
coate or afhes could fall into it), and partly in an allay- 
ing furnace. 

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 fpace of a minute, into an opaque 
white enamel, which 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 veflel with a fmall brufh, an operation as eafy as 
that of applying any other wet colouring matter. He 
likewife tried this pafte, by covering veflels with it in 
the fame way the potters apply their common glazing 
for ftone-ware. By both the above-mentioned procefles 
he obtained a very fmooth coating, particularly by the 
latter, which is more quickly performed. When the pafte 
is applied, the veflel fhould be made a little warm, fo> 
alfo fbould the pafte itfelf. 

If the conftituent parts of thefe two fubftances be con- 
fidered (that is to fay, that gypfum is compofed of calca- 
reous earth faturated with vitriolic (fulphuric) acid, 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 flony 
mixtures, that which the moft eafily 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 fhali 
eafily conceive thefe fuhftances muft attach themfelves 
ftrongly to copper, and that the varnifh formed by them 
cannot afterwards be diflblved or adled upon by acids. 

The greatefl difficulty attending on this Ample' mix- 
ture is, the ftrong and fudden heat necefTary to apply it 
with effedt, that heat bj.'ing greater than is commonly 
to be obtained in an allaying furnace. On that ac- 
count, M. Rinman 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 fhali record only fuch as were 
fuccefsful, and at fame time attended with fuch mode- 
rate expence as not to preclude them from common ufe. 

2. With the fubftances employed in hte firft experi- 
ment, which, with the author, we fhall henceforth call 
n° 1. he mixed an equal quantity of what is called fu- 

fible glafs (vltrum fufbile), compofed of.fix parts of 
lime, four of fiuor 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 colours are ground, he fpread it on 
the vefiel 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 ai. enamel which was 
firm and hard, and feemed likely to bear wwar ; but 
it was of a dark grey colour, and without any brillian- 
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ey. The mixture did not melt more readily in the aP in enamelling) to remove the veflfel from the fire as foon Enamel, 
faying furnace. as it had acquired a brilliant appearance therein, or as ling. 

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 of manganefe, had nearly the 8. Twelve parts of glafs of lead, or of litharge, with 
fame effeef. This laft mixture, indeed, was rather more eight parts of flint glafs, and two of flowers of zinc, 
eafdy melted, but it had a darker colour. were melted, in the fpace 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 vefiel a black with a greenifli caft, very hard and firm. It refitted 
enamel, which had a dull furface. In other refpedts it the aftion of the vegetable acids, like the enamels al- 
vvas firm, even, and hard; but it did nq$ fufficiently co- ready fpoken of, but it was a little attacked by the Oli- 
ver the veflel by a Angle application, nor was it capable neral acids. 
of refifting 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 laft fpar, five parts of gypfum, two parts of minium, one 
experiment, with three parts of ng 1. became in the half of a part of borax, two parts of flint glafs, one half 
aflaying furnace with a red heat, almoft as fluid as the of a part of calx of tin, and only one twenty-fifth of a 
laft, 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 adted 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 ning 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, fo as to become as fluid as in the ufual way, it became of a very good confiftence, 
water. This mixture, during the fufion, emitted a fo as to be very fit for fpreading over veffels, 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 veffel during its drying, they might be rubbed down 
and fpread upon a copper veflfel, 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 likewife, perhaps, the hardeft of it was put into an allaying furnace made very hot with 
all, but could not be melted in the allaying furnace, birch charcoal, whidh 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 
refilled the aftion of acids better than the common gla- veflel very quickly, which was already very evenly coat- 
zing ot 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 iv/jite The colour remained always inclining to green, be- 
/ead (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 mi- of the gypfum and flour fpar during the fufion ; but 
nutes, with the affiftance of a pair of bellows, into a in other refpe&s 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 bidden 
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 affaying furnace. It in length of time, have been afted 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 yellow fpots, occafioned by the acids cept the forementioned Ihade 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 affeaed tention of obtaining a fine colour, was prepared by fa- 
by other acids. turating a folution of cobalt in aquafortis (nitric acid) 

7. Equal parts of fluor fpar, of gypfum, ot 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 velfel 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 yellowiffi white colour, firm and hard, but kitchen utenfils, the leaft expenfive are n°s 1, 2, and 

^u^re‘ ^n or^er to avoid the formation of y ; but they are alfo thofe which require the greateft 
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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cfS tlic mofl enTy of fufiony nnc3j tit tlic fcime timCj very 
durable when ufed for coating veflels in which vi&uals 
are to be drefied, which is here the principal objett, and 
is of far greater importance than the brilliant appear- 
ance refulting from the enamel generally ufed by artifts, 
which however may be employed when the faring of 
expence 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, aefed 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 confiflence 
of a very thin pafte. 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 affaying furnace. The enamel melted very readily 
m the fpace of half a minute, and with a very brilliant 
appearance. . He immediately withdrew the vefftl, 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, 
which might be feen through the tranfparency of the 
enamel. 

A copper veffel having been covered wit*h the fame 
enamel, the fine colour of the copper was vilible through 
the thin coat of glafs ; and it was as well defended from 
ruff by this coating as it would have been by an enamel 
of a flronger kind. 

it. 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 vv'as 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 moft 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 flill lefs price. By mixing 
with the fame glafs a fmnll quantity of crocus martis, he 
obtained a very fine enamel, of a dark red colour, not 
to mention other colours in it flill 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 foretnentioned 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 the ufual precautions. He ob^jiined a glafs of 
a light blue colour, which, after having been ground 
with water, and fpread upon fmall iron bafins, or tea 
cups, produced, by means of a brilk 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 pra&ice. He alfo tried to paint upon this enamel 
with what is called mineral purple (purpura mine rails), 
which he ufed with a little powdered quartz, nitre, and 
borax ; it produced a very beautiful red colour. 

_ I hough this lafl mentioned compofition is more beau- 
tiful when applied upon iron, and more even than the 
pt eceding, it has the difad vantage, on account of the 
falls which it contains, of not refilling the a&ion of the 
ftronger vegetable acids, and flill lefs that of the mine- 
ral ones. But as a veffcl 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 cauflic 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- 
je& to crack, provided it is not expofed to violent 
blows. It is hardly neceffary to fay, that this enamel 
can only be applied upon veflels made of hammered 
iron, and not upon thofe of caff iron, thefe laft being 
always too thick to be heated with fufficient quicknefs; 
for the greater is the fpace of time neceffary to make 
the veffels red hot, the greater is the quantity of fades 
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 utenfils, it might be made to ferve 
many other purpofes, fuch as preferving things made 
of that metal, not only from ruff, hut alfo, as he proved 
by expeiiment, 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. Q S 
1741, of parents in a humble walk of life, but of very 
refpeftable charafters. His amiable difpofitiou and 
promifing talents early recommended him to the Rev 
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Enfield. Mr HextalF, the diflenting mmifter of that place, who 

v took great care of his education, and infufed into his 
young mind that tafte for elegance in compolition which 
ever afterwards dillinguifhed him. 

In his 17th year he was fent to the academy at Da- 
ventry, then under the direction of the Rev. Dr Afh- 
worth, where he paffed through the ufual courfe of in- 
ftru&ion 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 chofen, in 1763, 
milufter of the very refpeftable congregation of Benn’s 
Garden in Liverpool. 

In that agreeable town he pafied 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 palled all the reft of 
his days in moft cordial union. His literary reputation 
was extended, during his reftdence 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 
colleftion of hymns and of family prayers, which he 
alfo publilhed at Liverpool, did credit to his tafte and 
judgment. 

About 1770, he was invited to take a lhare in the 
condutt of the academy at Warrington, and alfo to oc- 
cupy the place of minifter to the dilfenting 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 inftitution 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 diflenting acade- 
mies, and which, in that fttuation, fell upon him, as the 
domeftic refident, with peculiar weight. He always, 
however, pofltfied the refpe£l and affedlion of the bell 
difpofed of the ftudents; and there was no reafon to 
fuppofe that any other perfon, in his place, could have 
prevented that diflolution 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 
eonfiderable 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 faiences 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 inftitution render- 
ed it impoflible 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 befoi'e been a particular objeft 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 

diflenting congregation at Norwich, he accepted it, Enfield, 
and firft fixed his refidence at Thorpe, a pleafant vil- v—■*' 
lage near the city, where he purfued his plan of taking 
a limited number of pupils to board in his houfe. 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 feleft 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. 
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, 
wras 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 
profeflional career fo far as to be chofen town-clerk of 
Nottingham, w'as moft unfortunately fnatched away by 
a fever a few years fince. 

This fatal event produced effe&s on the doctor’s 
health which alarmed his friends. The fymptoms were 
thofe of ang'mapeftoris, 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 mailer of his own 
time ; witneffing the happy fettlement of two of his 
daughters ; contrafted in his living within the domeftic 
privacy which he loved ; and connected with feme of 
the moft agreeable literary companions, and with a fet 
of the moft cordial and kind-hearted friends that per- 
haps this iflaud affords, he feemed fully to enjoy lite as 
it flowed, and indulged himfelf in pleafing profpe&s for 
futurity. Alas ! an unfufpefted and incurable dileafe 
was preparing a fad and fudden change : a fchirrous 
contraftion of the tedium, the fymptoma of which were 
miftaken by himfelf for a common laxity of the bowels, 
brought on a total ftoppage, which, alter a week’s 
ftruggle, ended in death. Its gradual approach gave 
him an opportunity to difplay all the tendetnefs, and 
more than the ufual firmnefs of his nature. He died 
November 3. 1757, amidll 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 ' alk of 
an abridgment of “ Brucker’s Hiilory of Philofophy,” 
which he comprifed in two volumes quarto. It may 
be truly laid, that the tenets of philofophy and the 
lives of its profeffors were never before dilplayed in fo 
plealing a form, and with luch 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 mailer of what is 
called the middle ftyle in writing, combining the qua- 
lities of eafe, elegance, perfpicuity, and correftnefs, en- 
tirely free from affedlation and Angularity, and fitted for 
any fubjedt. If his call 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 tellify with grateful and affectionate re- 
membrance. Few minifters have paid fuch unremit- 
ting attention to the perfection of their pulpit compo- 

fitions; 
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£n3e!d fitiona ; nor was it only by detached difcourfes that he 

jl inculcated the truths of morality and religion, but by 
' methodical plans of inftru&ion, drawn up with great 

u—Y——/care and comprehenfion. The valuable Itores 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 
imprelfive, depending rather on the weight of juft enun- 
ciation than on the arts of oratory. Little need be 
added to this Iketch of the moral qualities of the excel- 
lent man above commemorated. If moderation, com- 
pliancy, and gentleneis 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 affeftion and friendfhip ? 

d his account of Dr Enfield, which is taken from the 
Monthly Magazine, is acknowledged by its author to 
be the effufion of friendihip ; but we believe that the 
panegyric, though high, is in general juft. It is our 
duty, however, to warn our readers again It placing im- 
plicit confidence in the Doctor's reprefentation of an- 
cient philofophy; for though we have frequently found 
him correft, and have therefore quoted him wn’th ap- 
probation ourfelves, we have likewife found him fome- 
times miftaking the fenfe of his authors. In a wmrk 
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' ujorils to be 
given. T his we believe to be the fource of thofe errors 
in his elegant hiftory, which wre 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 detedf 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 

ENG RAF I ING. See Grafting, EncycL w'here 
it is faid that there is little hope of producing mixed 
fruits by engrafting one tree upon another of the fame 
clals. We confefs ourfelves to be unwilling to relinquifh 
this opinion ; but it w'ould be very'unfair to withhold 
from the public any faft which feems to militate againft 
it, and has come to our knowledge. We fhall therefore 
tranfenbe from the Philofopbical Magazine the following 
communication from Dr Thornton, lefturer on medical 
botany at Guy’s Hofpital, refpeding a fuppofed lufus 
natura, which he coniiders as the confequence of eu- 
grafting. 

In the firft volume of the Philofophical PranfaHions, 
N° 29. publifhed November 1667, you have the follow- 
ing communication, intitled, 
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of Oranges and Lemons or Citrons, whereby is produ- Enneadecs- 
ced an individual Fruit, half Oraugfc and half Lemon, te“s 

growing together as one Body upon the fame Tree.” S:otch 
We have here orange trees (faith the intelligence E(>ifcwpa- 

from Florence) that bear a fruit which is citron on one bans, 
fide and orange on the other. They have been brought v——4 

hither out of other countries, and they are now much 
propagated by engrafting. This was confirmed to us 
(fays the editor of the Tranfaftions of the Royal So- 
ciety) by a very ingenious Englifh gentleman, who af- 
ferted, that himfelt not only had feen, but bought of 
them, anno 1660, in Paris, whither they had been fent 
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 pleafure and aftonilhment, 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 leaft confufion of the refpecliyc 
halves. 

At Mr Mafon’s, floriit, Fleet-ftreet, 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 
fleek red fmoothnefs of the ne&arine ; fuppofed to be 
a lufus natural, 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 JEolipile, EncycL 
EP,\ULE, or-EsPAULE, in fortification, the ffioul- 

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 focietyof Chrif- 
tians, certainly as refpe&able, if not fo numerous, as 
any other in the kingdom which di(Tents from the wor- 
ffiip and difeipline of the eftabliflted church. For many 
years, however, the public worffiip of that fociety was 
proferibed by the legillature ; and there is reafon to 
fufpeft 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 Chrillians down to the novel fe6l 
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, EftabUfo- 
tumultuous and irregular, is known to all Europe; and n,ent of E- ijr xr • 1 1 ~ 10 *11 uw 11 to iLurope; andmentot 1 

oome Hoi tulan Experiments about the engrafting very few of our readers can be ignorant that there wasrifcoPacy 

4 K 2 neither in ^cutland 

(a) the manner in which the extraordinary neftarine-peach firft produced in this country was effedted was 
by mferting the bud of one fruit upon the flock bearing a different fort# * 
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neither order ia the reformed church, nor decency in 
her wo r (hip, till James VI. with much add re is, aecom- 
pliflied the eflabliihment of a very moderate epiicopacy. 
To this form of church-government the better part of 
the nation was fufficieotiy attached ; and it continued to 
be the ecclefiaftical polity, fuppovted by the Hate, till 
the grand rebellion, when it was overthrown by the par- 
tizans of the/ztf/fo/uz/ covenant. It was veftored, how- 
ever, in 1C62; and again abohfned in 1689 by that con- 
vention which placed the Prince and Princefs of Orange 
on the ancient throne of the Scottilh monarchs. 

There events are fo univerfally known, that it is fuf- 
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 eftablifhment, 
the Scotch epifcopal church had no public liturgy.. It 
appears indeed, that the iirft reformers made tile of the 
Englifh book of common prayer; and there is on re- 
cord fuf&cient evidence that John Knox himftlf, though 
he difapproved of-fome things in that book, had no ob- 
jedlion either to Rated forms of prayer in general, or 
to a fubordination among the mini iters of the gofpel ; 
but bis fueceffor Andrew Melvil, who poffefi'ed neither 
his learning nor his worth, had influence enough to in- 
troduce into the church a perfect parity of miniflers, 
and to excite among the people a very general abhor- 
rence of liturgical worlhip. So rooted indeed was that 
abhorrence, that, as every one knows, an attempt to in- 
troduce into the chiivch of Scotland a book of common 
prayer, copied with fome alterations from that of Eng- 
land, produced the fotemn 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 
rellored, hut no new attempt was made to eftablilh the 
ufe of a public liturgy ; and except at the ordinations 

"of the clergy, when the Englilh forms were ufed, no 
fervice book was feen in a Scottifli church. 

For fome years after Epifcopacy had ceafed to be the 
religion of the Rate, 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 fwovn to King James, they were treated, du- 
ring his reign, with fuch feverity, that on the Lord’s 
day they durR 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 leaR with- 
out book, till the acceffion of Anne to the throne of 
her anceRors. The attachment of that Princefs, not 
only to the conRitution, but alfo to the worRiip of the 
church of England, was well known to them; and they 
very reafonably thought, that they could not more ef- 
fedfually recommend themfelves to her proteftion than 
by adopting the ufe of the EngliRi liturgy, which the 
moR enlightened among them had long profefled to ad- 
mire. It was accordingly introduced by degrees into 
Scotland; and an adl of parliament being palfed on the 
3d of March 1712, “ to prevent the diRurbing of thofe 
of the Epifcopal communion in that part of Great Bri- 
tain called Scotland, in the exercife of their religious 
worffiip, and in the ufe of the liturgy of the church of 
England,” that liturgy was univerfally adopted by the 
Scotch Epifcopaliaus ; and public chapels, which had 

Scotch 
Ejufeoj>i. 

llauf.' 

8 ] E P I 
hitherto been prohibited, were everywhere built, and 
well frequented. 

That thofe who had refufed allegiance to King Wil- 
liam and Queen Anne Ihould fcruple to pay it to a 
new family, clogged as it was by lo many oaths, can 
excite no wonder ; nor is ft at all wonderful that, for 
their attachment to the abdicated family, the public 
worRiip of the Scotch Epifcopalians was, after the itir 
furrection of 1715 and 1716, laid under fome reRraints. 
Thefe, however, were neither rigoroufly fevere, nor of 
long-duration ; and by the year 1720, their congrega- 
tions were as numerous as formerly, conliiting, efpecial- 
ly in. the northern counties, of men of all ranks, even 
fuch as held oflices of truR under the eRabliRied govern- 
ment, who frequented the Epifcopal chapels in prefe- 
rence to the .parilh churches. 

Hitherto the Epilcopalians had been fafely conduct- 
ed through all dangers and difficulties by the prudence 
of Dr Rofe, the deprived biffiop of Edinburgh; but foon 
after his death, which happened on the 20th of March 
1720, diviflons broke out among them, which threaten^ 
ed to prove more fatal to their church than any perfe- 
cution to which they had yet been fubjedted. For rea- 
fons which will be feen afterwards, it is proper to tracs 
thofe diviiions from their fource. j 

No native of Britain, who knows any thing of the Sources of 
hiRory of his country, can be ignorant that Dr San-l^vi^'n 

croft, the archbiffiop of Canterbury, and five other bi-Scmd^E- 
fhops, were at the Revolution deprived of their fees by plfCopali- 
an a£f of parliament; becaufe, like the Scotch bifhops, ans. 
they could not bring themfelves to transfer to King 
William and Queen Mary that allegiance which they 
had fo lately fworn to King James. As thofe prelates 
were extremely popular for the vigorous oppolition 
which they had given to fome of the Popifh projedls 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 
circumRances, was perhaps without a precedent in eo 
clefiaRical hiRory, produced a fchifm in the church of 
England. The deprived clergy, confidering the bilhops 
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 conflituted 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 worfhip than 
what neceflarily refulted from their paying allegiance to 
different fovereigns. But this uniformity was not of 
long duration. The bifhops, who had been poffefled 
fees before the Revolution, were fcarcely dead, when 
their fucceffbrs, being under no civil reRraint, found,, ip 
the principles which they had brought with them from 
the eftabliffiment, the means, not only of dividing their 
own little church, but likewife of flowing the feeds cf 
diflenfion among their brethren in Scotland. 

It has been obflerved elfewhere that in the church* Suppeb 
of England there are three opinions refpe&ing the na-°f 

ture and end of the Lord’s Supper, which, in oppofi-^'^ ’ n' 
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 moft. ancient liturgies 

I 

^"hans^3" t^ie reiSn K'ng Edward VI. that the reformers of . ‘ ^ / that church from the errors of popery unanimoufly 
held the Lord’s Supper to be a euchariilical facrifice ; 
and this opinion, which has been adopted by great 
numbers in every age fince, feems to have been the moft 
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 adminiftration of the Lord’s Supper ; and 
therefore, though there are other things in that order 
which cannot be eafily reconciled to it, archbifhop Ban- 
croft and his fuffragans, whatever their own opinions, 
might be, chofe not to widen the breach between them- 
felves and the eftablifhment, by deviating in the fmalleft 
degree from the form in which they had been accuftom- 
ed to celebrate that facrament. 1 heir fucceflors, how- 
ever, in office, were men of different difpofitions. Con- 
fidering themfelves as totally uncoime&ed with the 
Hate, and no longer bound by the a£h of uniformity, 
one party, at the head of which was bifhop Collier, 
the celebrated ecclefiaftical hiftonan (a), judged it pro- 
per to make inch alterations in the communion office 
3o 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 propofed alterations, fome were perhaps pro- 
per in their circumftances ; whilft others, to fay the 
beft of them, were certainly needlefs, if not inexpedient. 
Tbiey wei e accordingly a// oppofed by another power- 
ful party of nonjurors; and the queftions in difpute 
were referred, firft to Dr Rofe, the deprived bifhop of 
Edinburgh, and afterwards to Dr Atterbury and Dr 
Potter, the bifhops of Rochefler and Oxford. What 
judgment the two Englifh prelates gave in this contro- 
verfy we know not; but that of bifhop Rofe did him 
much honour. Declining the office of umpire between 
the parties, he recommended mutual forbearance and 
©ccafional communion with each other, according to 
either form ; and employed a gentleman, well verfed in 
ecclefiaftical literature, to prove that fuch a compliance 
of bifhop s with each others innocent prejudices was 
hot uncommon in the pureft times. 

Thef* dffputes among the Englifh nonjurors, and the 
appeal which was n^de to Dr Rofe, drew, more clofe- 
iy 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. but like- 
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o 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 
difeovered, that the Scotch communion office approach- 
ed much nearer to the moft ancient offices than the 
Englifh ; and a powerful party was formed for reviving 
the ufe of it in Scotland. 

Had thofe men aimed at nothing farther, it is pro- 
bable they would have met with very little oppofition. 
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 
fanftioned by the royal martyr’s authority ; but the 
advocates for the Scotch office knew not where to flop. 6 
They wifhed to introduce fome other ufages of the pri-Revival ef 
mitive church ; fuch as the commemoration of the faith- a c*e)lt 

ful departed, and the mixture of the euchariftic'cupgeS' 
(See Supper of the Lord, n° 2. and 3. Encyel.) ; and 
their brethern, perceiving no authority from Charles I. 
for thefe things, and being accuftomed to confider them 
as Popifh practices, a violent controverfy was ready to 
burft forth about what every enlightened mind muff 
confider as matters of very little importance. 

That the euchariftic cup was in the primitive church 
mixed with a little water, is a faft incontrovertible ; 
that the pra&ice was harmlefs and decent, it is wonder- 
ful that any man fiiould 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 objea 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 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 appreheniion (Ste GkKRK-church 
in this Supplement) : but we fee not the ntcejfly of in- 
troducing Inch prayers into public worfiu'p at any pe- 
riod ; and we perceive impropriety in doing it at a pe- 
riod when, from various circumftances, they may caufe 
weak brethren to trr. But thofe who pleaded for the 
revival of this praftice im the beginning of the current 
century, were blinded by theft very erudition (b); and 
thofe who oppofed it feem not to have been acquainted 
  with 

V?7 I
]
carned’ though violent man, of whom the reader will find fome account in the Encyclopedia was, with Dr Hickes and others, confecrated by the deprived prelates, for the pnrpofe of prefervinfr theVnifl 

copal fuccelnon m what they confidered as the true church of England. 6 * * 
(b) Paradoxical as this affertion may at firff fight appear, nothing- is more certain than that erudition and 

even icience, if partially cultivated, is as likely to blind as to enlighten l!he imderftandftig.. When a man de- 
votes all his time, and all his attention, to one purfuit, he cbntrafhi inch a fohdnefs for it; as-gradually to confi-. 
.der it as the only valuable purfuit, which will infallibly lead to truth,.and to nothing but truth ; and in this dif- 
pofition o; mtrrd, he is ready to embrace the moft extravagant abfurdity to which it may condudf him Of this 
the reader will find one very ftriking irtftance in page 547 of this volume, where the celebrated Euler aonears 

% u-TiiJ0 *US (larlin£> ansfKrs> as to place implicit confidence in it, even when he himfelf feems fenfibL that- 1 ad led him ta a conclufion contrary to common fenfe, and the nature of things. That Dr Bentlev was a 
very eminent philologift, is univerfally known ; that his emendatory critieifms on the Claffics are often hannv 
no man will deny ; and yet,, mifled by bis favourite purfuits, he. never pronounces more dogmatically than whin 

ogma which he utters is untenable.. We appeal to his critidlms on Milton., Perhaps there is lot a man 

&liv®* 
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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 
confifts. 

The ancient ufages, however, were not the only fub- 
jefts which, on the death of bifliop Rofe, furnilhed 
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 occafion, 
raifed to the Epifcopal dignity fome of the moll defer- 
ving Prelbyters of the church ; but it was refoived, for 
what reafon we do not very well know, that none of 
the new bilhops fliould be appointed to vacant diocefes 
during the life of any one prelate who bad polTefied a 
legal eftablilhment ; fo that bilhop Rofe, who furvived 
all his brethren, was for feveral years the ecclefialtical 
governor of the whole Epifcopal church in Scotland. 
On his death, therefore, though there were four bilhops 
in Scotland, and two Scotch bilhops 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 lirft una- 
nimoully acknowledged ; and one of them, in the name 
of himfelf and his brethren, recommended to the clergy 
of the diocefe of Edinburgh to elecl, after the primitive 
plan, a fucceffor to their late venerable diocefan. The 
advice was followed ; the election was made, and ap- 
proved by the bilhops 1 and Dr Fullarton, the bilhop 
chofen, became bilhop 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 diftrldls, following the example 
of thofe in Edinburgh, diocefau Epifeopacy was about 
to be revived throughout all Scotland upon principles 
purely eccleRaftical, when fome of the bilhops, whom 
Dr Rofe had left behind him merely for preferving the 
Epifcopal fuccefiion, conceived a new and very extra- 

7 ordinary conftitution for the Scotch Epifcopal church. 
College of Whether they were envious of their colleagues, and of- 
bilhops. fended that none of the eledlions had fallen upon them; 

whether they were fo ignorant as not to know that di- 
ocefan Epifeopacy had fubiilled 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 fufpedl, by fome political principle which 
they could not with fafety avow ;—fo it was, that they 
oppofed diocefan Epifeopacy of every kind, and pro- 
pofed to govern the whole Scotch church by a college 
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of bilhops. Agalnll this unprecedented fcheme the So uh 
more learned bilhops oppofed all their influence ; and 
being exceedingly difagreeable to the inferior clergy, , ilana~ 
it was very foon abandoned by its authors themfclves, 
who, after fome acrimonious controverfy, were glad to 
come to an agreement with their eliocefan brethren. 8 

Of this agreement, or ccncordate as it was called, the Thofe divi, 
following were the principal articles: 1. “That the Sons heal. 
Scotch or Englilh liturgy, and no other, might becch 
indifferently ui'ed in the public fervice ; and that the 
peace of the church Ihould not be dilturbed by the in- 
trodutlion of any of the ancient ufages which had late, 
ly excited fuch diffeniions. 2. That no man fhculd 
thenceforward be confecrated a bifhop of the Scotch 
church without the confent and approbation of the ma- 
jority of the bilhops. 3. That the bilhops, by a ma- 
jority of voices, Ihould 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 prelident fhoukl be llyled Primus Epifcopus^ 
or more fhortly Primus ; but that he fhould not pof- 
fefs metropolitical power, or claim any kind of jurifdic- 
tion without the bounds of his own diocefe or diftridt, 
4. That upon the vacancy of any diocele or diftridt, 
the prelbyters Ihould neither eledt, nor fubmit to, ano- 
ther bilhop, without receiving a mandate by the Pri- 
mus, iffued with the confent of the majority of his col- 
leagues." 

This concordate was in 1731-2 fubferibed by all the 
bifhops then in Scotland, who immediately became dio- 
cefans, and thought no more of the college fyftem. It 
was afterwards, with a few additions, for aicertaining 
more precifely the prerogatives of the Primus ; for re- 
gulating the condudt of fynods; for exempting bilhops 
from the jurifdidlion of other bilhops, in whofe difb idts 
they might chance to refide ; and for preventing infe- 
rior clergymen from deferting their congregations, or 
removing from one diftridt to another, without the con- 
fent of the bilhops of both — thrown into the form of 
canons ; and tliefe canons have continued to be the 
code of the Scotch Epilcopal church down to the pre- 
fent day. 

The members, and more efpecially the clergymen of p0];,fcai 
this church, had always been coniidered as unduly at opinions, 
tached to the family of Stuart ; and though there was 
undoubtedly at firll fome ground for that fufpicion, 
the writer of this article knows, from the moll 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 VVarburton the praife of learning and ingenuity. The addrefs with which he de- 
tects the double doctrines of the ancient philofophers, is fometimes almotl altonifhing ; yet, milled by his owrn 
ardour in this purfuit, he difeovers hidden meanings everywhere, and has found a rational fyftem of religion in 
fome of the ancient myfteries, where there is every reafon to believe that nothing in reality was to be found but 
atheifm and vice. Jull fo it is with the ardent reader of the Chriftian 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) as renders him afraid to quef- 
tion any thing wdiich theyr advance, and unable to diftinguilh between their tellimony, which is deferving ol all 
credit, and their reafonings, w^hich are often inconcluhve. We trull it is needlefs to difclaim any wilh to dif- 
courage, by this note, the lludy either of the Chrillian fathers, the Greek philofophers, philological criticifm, 
or the modern analyfis; w'e only wilh 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 lludies contradl the mind. One of the moll emi- 
nent mathematicians at prefent in England is reported to have declared his contempt of the Paradife Loft, be- 
caufe he found in it nothing dcmonjlraied! 
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. E. p .r . . t ^ Rectch ted to the fociety as its dinftinguifhing tenet; but the 

Epifcop?.- if.fnibers of that fociety have at aii times contended, that 
. their diftinguifhing tenets were the apoftolical inftitution 

ot Epifcopacy, 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 
is God, and not.the people. They are, of courfe, no 
friends to the falhionable dodtrine of refiftance, 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 
monarchy, like that of Britain, as the moft perfedt form 
of civil government which the world has ever feen; and 
hereditary monarchy is infinitely preferable to one that is 
ele&ive : and with refpedt 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 eftablilhment as an indication 
of the plan and determination of Providence furnifning 
the bell right to a crown which any modern fovereign 

TO can claim. 
Peifetution Surelythefe are harmlefs opinions; and yet the worlhip 

of thofe who held them was, in 1746 and 1748, laid un- 
der fuch reftraints as were calculated to produce difaffec- 
tion where it did not previoufly exift. Two laws were 
then enadted againll the Scotch Epifcopalians ; which, 
under the pretence of eradicating their attachment to the 
houfe of Stuart, wrere fo contrived as to preclude fuch 
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 fmalleft benefit from their loyal- 
ty. The experiment was tried by fome of them ; of 
whom one venerable perfon, wdio was never fufpedfed of 
undue attachment to the houfe of Stuart, is ftill alive; but 
he, and his complying brethren, had their chapels burnt, 
and were themfelves 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 diflenting minifter, of whatever denomination, 
might at any time be admitted into orders, and rife to 
the higheft dignities of the Englilh church;—but while 
the laws of 1746 and 1748 remained in force, there 
was nothing in the power of a Scotch Epifcojfdl cler- 
gyman to do from which he could reap the fmalleft 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 chara&er be- 
ing acknowledged by the EngliPn Bifliops, he could not 
by thofe prelates be canonically reordained. 

Upon the clergy, however, thofe laws of uncommon 
rigour were not long rigoroufly executed. After a few 
years, the burning of chapels, and the imprifoning of 

U minifters, were occurrences far from frequent; but the 
federation, laws to which we allude affe&ed 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 affe&ed diffenters from the national efta- 
blifhment. 

Scotch 
Epifcopa- 

Iian». 
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While Epifcopacy was the eftablifhed form of church 

government in Scotland, the clergy of that church iub- 
feribed a confeffion of faith fummtd up in twenty five 
articles, which the reader will find in the hiftory attri- 
buted to John Knox. If is ffifScient to obferve in this Faith of 
place, that in effentials it differs little from the articles^16. ?’cotc^1 

of moft other reformed churches; and in every thingch^ 
which does not immediately relate X.Q papiflry, it is mo- 
derate and unexceptionable; perhaps more fo than the 
prefent confeffion of either of the Britiffi churches. 
During the period which intervened between the Re- 
volution and the year 1792, no fuhfcription was in- 
deed required from Scotch Epifcopalian clergymen to 
any fummary of Chriilian dodhine ; but at their ordi- 
nations, thofe clergy folemnly profefftd their belief of 
all the canonical bocks of the Old and New Tefta- 
ments ; declared their perfuaficn that thofe books con- 
tain fufficiently all dodirines ncceffary 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 
Athanalian creeds. But now thofe clergymen are en- 
joined by act of parliament to fubferibe 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 fimilar differences among the Engliffi clergy 
themfelves: 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 Englifn fervice ; but fueh a reprefen- 
tation appears to be either a wilful falfehood, or the 
offspring of ignorance. The only reformed liturgy 
that ever had the fandtion of a civil eitablifhment in ^ 
Scotland, is the Book of Common Prayer, and Admini- Their wor- 

Jlration of the Sacraments, and other parts of Divine Ser~ finp. 
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 unquef- 
tionably better adapted to the opinions of thofe who 
confider that holy ordinance either as an euchariftical fa- 
crifice, or as a feaft upon a facrifiee. 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. Their 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 minifter; and to filence the 
clamour of fymbolizing with the church of Rome, 
which was fome years ago either ignorantly or malici- 
oufly raiffid 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 abfolutely inconfiftent with the real prefence 
as taught either by the church of Rome or by the Lu! 
theran churches. On this fubjedt, fee Greek-Church, 
n° 17. in this Supplement. ’ 
. Thvs ^ we Siven a view of the diftinguiffi-EnelHh 
ing pi maples of what muft furely be confidered as a clergymen, 
very refpedlable fociety of Chriftians, and the-only re-*n Scotland. 

formed 
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formed Epifcopal fociety in that part of Great Britain 
called Scotland. There are, indeed, chapels in Scotland 
diltinft from the church of which we have been treat- 
dug, where the Englifh liturgy is read by clergymen 
who have received Epifcopal ordination either in Eng- 
land or in Ireland ; but thofe chapels being all inde- 
pendent of each other, and under the infpettion of no 
bifhop, the perfons who frequent them feem to be ra- 
ther Congregationalifts than Epifcopalians, and certain- 
ly do not conflitute what can, with any propriety, be 
called an Rp'ifcopal church. 

EQUANT, in altfonomy, a fanciful circle, intro- 
duced into fcience to remove fome of the defends of the 
Ptolemaic fyftem of the univerfe. In this artificial 
fyllem 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 precifion. With all its 
nice combination, however, of circles, the fyftem was 
foon found to have defends; to remove which, the fine 
contrivance of the equant was introduced. Though 
the angular motion of a planet viewed from the earth 
was confefled 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 diftance 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- 
phy, than the invention of this equalizing circle.” 

EQUATION of a curve. See Algebra [Eh- 
rycl.) 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 Abyffinian fhrubs of 
the genus Mimosa, which 
fee Encycl. 

ERKOOM, an Abyfiinian bird, part of a large tribe, 
“ in which (fays Mr Bruce) the greateft 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 naturalifts called the 
Indian crow or raven; and our author, though he 
feems to think this claffifieation improper, admits that 
he has one charefteriftic 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 reddifli, caft, but darker ftill as it approaches 
the pupil; he has very large eyelaflies, both upper and 
lower, but efpecially bis 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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thicknefs three inches and a half; the length of the Eton. 
beak, meafuring the opening near the head llraight to v— 
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 
thicknefs of the beak :n front of the opening is one 
inch and Teyen eighths. The thicknefs of the h orn 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 
thickuefs in profile feven lines, and in front lour 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 
laft outer one two inches one line. This bird is all of 
a black, or rather black mixed with foot-colour ; the 
large feathers ol 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, flies (lays 
our author) both ftrong and far. It has a rank fmell, 
and is faid in Abyfiinia to feed upon dead carcafes. 
This, however, he thinks a miftake, as he 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 ftomach nothing but the green fcarabeus 
or beetle. It builds in large thick trees, always, if it 
can, near churches ; has a covered neft like that of a 
magpie, but four times as large as the eagle’s. It places 
its neft firm upon the trunk, without endeavouring to 
make it high from the ground : the entry is always on 
the eaft 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 lhall 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 
lituated on the banks of the Thames, in a delightful 
valley, which is of a remarkably healthy foil. Its col- 
lege was founded by Henry VI. for the fupport of a 
provoft and feven fellows, one of whom is vice-provoft, 
and for the education of feventy King’s fcholars, as 
thefe are called who are on the foundation. Thefe, 
when properly qualified, are elected, on the firft 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 three years at Cambridge, they 
claim a fellowftiip. Befides thofe on the foundation 

tkeie 



E T O [ 
Hton. there are feldom lefs than three hundred fcholars, 

y '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 
affiftants or ulhers. The revenue of the college is about 
L. 5000 a-year. Here is a noble library, and in the 
great court is a line llatue of the founder, ere&ed at 
the expence of a late provolt Dr Godolphin dean of 
St Paul s. I he chapel is m a good llyle of Gothic ar- 
chitecture. The fchools and other parts, which are in 
the other llyle of building, are equally well, and feem 
like the delign of Inigo Jones. 

At Eton there is a Angular, and we think a laudable, 
teftiva! called the Montem, celebrated triennidlly (for- 
merly duennially) by the fcholars of the fchool upon 
Whit-Tuefday. The following account of this feltival, 
taken from the Monthly Magazine, will probably be 
acceptable to many of our readers. 

It commences by a number of the fenior boys taking 
poll 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 bell 
figures, and the moll a&ive of the Undents; they are 
all attired in fancy drelfes of filks, fating, &c. and fome 
richly embroidered, principally in the habits or falhion 
of running footmen, with poles in their hands ; they 
are cs\\z& falt-bearers, and demand fait, i. e. a contribu- 
tion from every palfenger, 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 pafles the bearer free through 
all other fait-bearers for that day, and is as follows, viz. 

“ Pro more et monte, 
I799> (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 proceflion, which is generally three o’clock in 
the afternoon. 

The procefllon commences about twelve o’clock at 
noon, and confifts of the Queen’s and other bands of 
mufic; feveral ftandards borne by different lludents • 
all the Etonian boys, two and two, drefled in officers 
uniforms ; thofe of the king’s foundation wearing blue, 
the others fcarlet uniforms, fwords, &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 Princeffes in coaches, attended by 
their fuite. 3 

Band of mufic, followed by a great concourfe of the 
Nobility and Gentry in their carriages and on horfe- 
back. 

The proceflion commences in the great fquare at 
Eton, ana pi oceeds through Eton to Slough, and round 
to -Salt Hill, where the boys all pafs the king and 
queen in review, and afcend the Montem : here an ora- 
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and tion is delivered, and the grand ftandard is difplayed Eton, 

with much grace and aflivity by the ftandard bearer, Eudiome- 
wlio is generally fele&ed from among the fenior boys. . te^' 

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 defcribed, but fuperbly embroidered. Thefe 
falt-bv.areis carry each an embroidered bag, which not 
only teceives the royal fait, but alfo whatever is colledl- 
ed hy the out-ftationed falt-bearers. The donation of 
the king and queen, or, as it is called upon this occa- 
fion, the royal fait, k always fifty guineas each; the 
Prince of Wales thirty guineas ; all the other princes 
and pnnceffes twenty guineas each. As foon as this 
-ceremony is performed, the royal family return to 
Windfor. The boys are all fumptuoufly entertained at 
the tavern at Salt Hill ; and the beautiful gardens at 
that place are laid out for inch ladies and gentlemen as 
choofe to take any refrelhments, the different bands of 
mufic performing all the time in the gardens. 

About fix o’clock in the evening all the bovs return 
in the lame order of proceifion as in the morning (with 
the exception only of the royal family), and, marching 
round the great fquare in Eton fchool, are difmiffecL 
The captain then pays his refpcdls to the royal family 
at the queen’s lodge, Windfor, previous to his depar- 
tuie for King s College, Cambridge; to defray which 
expence, the produce of the montem is prefented to 
him; and upon Whit-Puefilay, in the year 1796, it 
amounted to more than 1000 guineas. The day con- 
cludes by a brilliant difplay of beauty, rank, and fa. 
fliion, a promenade on Windfor Terras, bands of mufic 
performing, &c. and the fcene highly enlivened and en- 
riched by the affable condefcenfion of the royal family, 
who mdifcriminately mix with the company, and pa- 
rade the Terrace till nearly dark. 

Spontaneous EVAPORATION. See Weather, 
no 17, &c. Encycl. 

EUDIOMETER, an irftrument for afcertaining 
the purity of the atmofpherical air. Many have been 
the contrivances of chemifts for this purpofe (fee Eu- 
diometer, Encycl.) ; but perhaps the befl eudiometer 
is that of Morveau (or Guyton, as he now choofes to 
call himfelf), of which mention has been made in Che- 
mistry, n" 420. in this Supplement. The following 
ffiort defcription will make the nature and ufe of 'this 
mflrument plain to every reader. 

AB, (Plate XXVIII.) reprefents a fmall glafs retort 
with a long neck; its whole capacity being from feven 
to nine folid inches. It muff 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 
in length. The retort then clofes the tube in the man- 
ner of a ground Hopper, 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. Lafliy, the fulphuret of potaffi is prepared and 
broken into pieces Efficiently fmall to be introduced 

4 into 
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Eudiome- into the retort. Thefe are to be Joclofed, dry and even 
^ hot, in a bottle for ufe. Thefe conftitate the whole EuioXU". ,  s. apparatus and preparation of materials 

When it is required to examine an aerirorm rluid, by 
feparating its oxygen, two or three pieces of the ful- 
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 ot 
the retort is then to be clofed, and 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 direftions, 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 Cl), 
which muff 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 firft impreflion of the heat dilates the gafeous 
fluid fo much that it defeends almoff 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 veffel by too fudden refrigeration, the afeent of the 
water muff be rendered flower, either by removing 
the taper, or by increafing the perpendicular height ; 
which will not prevent the abforption from continuing 
while any gas remains which is proper to fupport com- 
buftion. . 

If the fluid be common air, or oxygen mixeo with 
any other gas, the quantity of water which has entered 
the retort muff be accurately meafured after the cooling. 
It reprefents the volume of air abforbed. Caie muff 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 
meafunng veffels are at hand, may be habitually per- 
formed by a flip of paper palled on the neck of the re- 
tort, upon which divifions are drawn from obferyation, 
and which mull be covered with varnilh to defend it 
from the aftion of the water. 

EUDOXUS of Gnidus was a celebrated philofopher 
of the fchool of Pythagoras. His firft preceptor was 
Archytas, by whom he was inftru£ted 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 fchools 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 
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hundred and fourth Olympiad, to the fecond year of 
the hundred and feventh ; and it was before Plato open- 
ed his fchool, that is, before the ninety-eighth Olym- 
piad, about the fortieth year of his age, that he vifited 
Egypt. Eudoxus is highly celebrated by the ancients 
for his lie ill in aftronomy ; but none of his writings on 
this or any other fubjedl are extant. Aratus, who has 
deferibed the celeftial phenomena in verfe, is faid to 
have followed Eudoxus. He fiourifhed about the nine- 
ty-fevefith Olympiad, and died in the fifty-third year 
of his age. JLnjidd’s Hijl. of Philofophy. 

EVECTION is ufed by fome aftronomers for the 
libration of the moon, being an inequality in her mo- 
tion, by which, at or near the quadratures, ihe is not in 
a line drawn through the centre of the earth to the fun, 
as fhe is at the fyzygies, or conjunction and oppofition, 
but makes an angle with that line of about 2° 5 i'. The 
motion of the moon about her axis only is equable ; 
which rotation i^ performed exactly 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 eait to weft, and fometimes from weft to 
call; 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 evoElion is ufed by fome aftronomers to 
denote that equation of the moon’s motion which is 
proportional to the fine of double the diftance of the 
moon from the fun, diminifhed by the moon’s anoma- 
ly. This equation is not yet accurately determined ;- 
fome flate it at i° 30', others at l° ]6\ Sec. 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, Encycl. 
Eve.nl r 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 contradiftindlion 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 fince much ftudied by ma- 
thematicians. It is any curve fuppofed to be evolved 
or opened, by having a thread wrapped clofe upon it, 
faftened 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. 

ImperfeB Evolute, 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 effedt will ftill be the fame ; that is, the oblique 
lines will all interfeft in the curve, and by their inter- 
fefitions form the infinitely (mail fides of a new curve. 
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Euphon. to which they would be fo many tangents. Such a 

kl,“'—curve is a kind of evolute, and has its radii ; but it is 
an imperfedl one, fince the radii are not perpendicular 
to the firil curve or involute. 

EUPHON, a mufical inilrument invented lately by 
Dr Chladni of Wittenberg, well known by his various 
publications on philofophieal fubjefts, efpecially the the- 
ory of mulical founds. The euphon confiits of forty- 
two immoveable parallel cylinders of glafs of equal 
length and thicknefs ; but its conftru&ion, tone, and 
the method of playing it, are totally different from thofe 
of the harmonica, with which indeed it has nothing in 
common but the glafs. See Harmonica, Encycl. 

Dr Chladni gives the following account of his inven- 
tion. In his 19th year he began to learn to play the 
harpsichord ; and he afterwards read a great many of 
the principal works on the theory of mufic, by which 
he found that the ph) fico-mathematical part of that 
fcience was far more defedtive than other h anches of 
natural philofophy. Being therefore poffefTed with sn 
idea that his time could not be hette employed than 
in endeavouring to make difcoverjes in this department, 
he accordingly tried various experiments on the vibra- 
tions of firings and jhe different kinds of vibration in 
cylindric pieces of wood, firfl difeovered, through cal- 
culation, by the elder Euler; and found, that though 
a great deal had been faid on the nature of thefe elaftic 
bodies, yet the manner of vibr. tion and the proportion 
of tones in other elaflic bodies, which do not proceed, 
as in the former, in flraight lines, but depend on the 
vibration of whole furfaces, were totally unknown, and 
that the little which had been written on that fuhjeft, 
by fume authors, did not correfpond with nature. He 
had already long remarked, that every plate of glafs or 
metal emitted various tones according as it was held 
and ftruck in different places ; and he was defirous to 
difeover the caufe of this difference, which no one had 
ever examined. He fixed in a vice the axle of a brafs 
plate which belonged to a polifhing machine, and found, 
that by drawing the bow of a violin over it, he produ-- 
ced very different tones, which were ftronger and of 
longer duration than thofe obtained merely by lin- 
king it. < 

The obfervation, that not only firings but alfo other 
elaflic bodies may be made to produce founds by draw- 
ing a violin bow over them, Dr Chladni does not give 
as a difeovery of his own ; as the fo called iron violin 
has beat long known, and as he had read of an inflru- 

*In all pro-ment conflrmfled in Italy*, where glafs or metal bells 

Karwo' 't*lk were mac^e to found by means of two or more violin 
of the lbLebows drawn over them. But the idea of employing 
Mazzuchi. this inflrument to examine vibrating tones was firfl en- 

tertained by himfelf. Having accurately ‘remarked the 
tones produced by the abovementioned metal plate, he 
found that they gave a progreffion which correfponded 
with the fquares of 2, 3, 4, &c. 

Not long before he had read, in the Tranfaflions of 
the Royal Society of Gottengen, the obfervations of 
Mr Lichtenberg on the phenomena produced by llrew- 
ing pounded refin over a glafs plate or cake of refin, 
and he repeated many of his experiments. This led 
him to the idea that, perhaps, the various vibratory 
movements of fuch a plate would be difeovered by a di- 
verfity of phenomena, if he flrewed over it fand or any 
thing of the like kind. By this experiment there was 

produced a flar-formed figure ; and the author, having Euphon. 
continued his refearches, publifhed the refult of than in 
a work entitled, Difcoveries refpefting the Theory of 
Sound, printed at Leipfic in 1787. 

Whilft he was employed in thefe invefligations, he 
refolved to invent a new mufical inftrument; and he be- 
gan to confider whether it might not be poffible by 
rubbing glafs t,ubes in a ilraight line, with the wet fin- 
gers, to produce founds in the fame manner as is done 
in the harmonica by rubbing them circularly That 
glafs tubes, like thole m his euphon, would not merely 
by fuch rubbing emit any tones, he had long known 
by theory and experience; and he therefore applied 
himfelf to the folution of the difficult queftion, in what 
manner the inflrument ought.4o be conftrudled to an- 
fwer the intended purpofe ? After various fruitlefs at- 
tempts for a year and a half, during which his imagi- 
nation was fo full of the idea, that fometimes in his 
dreams he thought he law the inftrument and heard its 
tones, that is, iikp thofe of the harmonica, but with 
more diftindlnefs and lets confufion, he at length, in a 
ilate between fleeping and waking, obtained a Solution 
of the problem which had given fo much employment 
to his thoughts. On ,the fecond of June 1789, being 
tired with walking, he fat down on a chair, about, nine 
in the evening, to enjoy a fhort dumber ; but fcarcely 
had he doled his eyes when the image of an inftru- 
ment, fuch as he vwffied for, feemed to prefent itfelf 
before him, and terrified him fo much that he awoke as 
if he had been ftruek by an eledlric fhock. He imme- 
diately flarted up :n a kind of enthufiafm ; and made a 
feries of experiments which convinced him that what he 
had feen was per fed :y right, and that he hud it now in 
his power to carry -s defigi. into execution. He made 
his experiments am eonftrudted his firft inflrument in 
fo private a manner that no pa ion knew any thing of 
them. On the eth of March 17901118 firft inilrument 
of this kind was completed ; and in a few days he was 
able to play on it h;me ealy pieces of mufic. It was 
now neceffary to givs to this inflrument, as it was en- 
tirely new, a new name ; and that of euphon, which fig- 
nifies an,inflrument that has a pleafant found, appeared 
to him the moil proper. * 

It was not, however, brought to perfedion at once, 
for he made a iecond inftrument which was an improve- 
ment of the firft, and a third which was an improve- 
ment of the fecond. In found, indeed, and parncularly 
in the higher tones, the firft was equal to either of the 
other two ; but the conflrudlion was deficient in 
flrength, fo that every week fome hours were neceffary 
to keep it in proper repair ; and it was impoffible to 
convey it the diftance of a mile without almoft totally 
deflroying it. Dr Chladni alfo, for want of better 
tubes, employed thofe ufed for thermometers, and mark- 
ed the whole and half tones by a coating of fealing-wax 
on the under fide ; but as the wax, owing to the moi- 
flure and vibration, often cracked and flew off, it was 
attended with danger to the eyes. It was therefore 
extremely difficult to give to the conltru&ion of the 
inftrument fufficient flrength ; but this the inventor at 
length accompliffied, fo that his new euphon cannot be 
injured or put out of tune either by playing or by car- 
riage. The third inftrument was fomewhat different 
from the firft and fecond; as the fore part, which in the 
two former rofe upwards with an oblique angle, flood 
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at right anglt?s, fo that it couk! be traniported with 
cafe in a particular carriage made for that purpofe. In- 
ftead of the thermometer tubes ufed in the firft, the 
Doctor' now employs tubes of different colours. In the 
lecond inftrument thofe for the whole tones were of 
dark green glafs; but he ufed for the half tones, in 
botlr, a milk white kind of glafs. In a word, the 
euphon has feme refemblance to a fmall writing-defk. 
When opened, the abovementioned glafs tubes, of the 
thicknefs of the barrel of a quill and about’16 inches 
Jong, are feen in a horizontal politico. I hey are wet- 
ted wn’th w'ater, by means of a fponge, and ftroked with 
the iwet fingers in the direffion of their length, fo that 
the increafe of the tone depends merely on the llronger 
or weaker preffare, 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 conlidercd as an altered or impioved 
harmonica, but as a totally new' and different inftru- 
ment. In regard to fweetnefs of found, it approaches 
very near to the harmonica; but it has feveral advantages 
which no,unprejudiced perfon, who examines both in- 
ilruments, will deny. 

i. It hr fimpler, both in regard to its conftru&ion and 
the movement neceffary to produce the iound, as nei- 
ther turning nor {lamping 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 rtave 
the tone as full as the inflrument is capable of giving 
it ; whereas, in the harmonica, the tones, particularly 
the lower ones, mull be made to increafe gradually. 
3. It has. more diftindlnefs in quick paffages, becaufe 
the tones do not refound fo long as in the harmonica, 
where the found of one low tone is often heard vvhep 
you wilh only to hear the following tone. 4. The uni- 
Ion is purer than is generally the cafe in the harmonica, 
where it is difficult to have perfect glaffes, which in 
every, part give like tones with mathematical exaflnefs. 
It is however as difficult to be tuned as the harmo- 
nica. 5. It does not affeCb 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 glades 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 Efficiently with the feries of the reft. 

EUPHORBIA (See EncycL). Of this plant three 
new fpecies were difeovered by Le Vaillant during his 
laft travels into the interior parts of Africa. The firft, 
which he calls the Cucumber-Euphorbia, adheres to 
the earth no otherwife than by a few flender roots. It 
riles to the height of nine or ten inches only ; and ex- 
aftly 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 yellpwilh-green,. tinted with 
a beautiful lhade 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 ! as it is a virulent poifon. . 
The fecond, to which he gave the name of the Melon- 1 
ribbed Euphorbia, does not rife more than three or Fig. 1. 
four inches from the ground, to which it adheres by a 
collection of fibrous roots, ilfuing from feveral tubercles 
difpofed in the manner of a crown. The ftem 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 
greenilh colour, and are marked with brown tranfverfal 
bands. From the fummit of the ribs ifl'ue feveral little 
tufts of pedunculate flowers. The third he called the 
Caterpillar-Euphorbia,becaufe when he firft found 
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, iffiie 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 mulhrooms, animals, as they feed, 
run the rifle of eating them with their pafture. Our 
author confirms the account which has been given in 
the Encyclopaedia of the favages poifoning the refervoirs 
of water with this plant, in order to procure the game 
which fhall drink of it. To effedl the death of the 
animal, it is necefiary 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 (lays he) the qua- 
lities of this oil on myfelf, taking with a ftraw, fronr 
the furface of the bafin, a Tingle 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 wdrich fwam on the furface, I dip- 
ped the end of my tongue into the remainder, but could 
not perceive in it the flighteft 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 lealt 
injury. He confefles, 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 j called 
alfo the deferent.. ' 1 • •''A 
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Eicentnc In (lea cl of thefe excentric circles round the earth, the 

!! moderns make the planets defcribe elliptic orbits about 
Expeda- tjie fun . acCounts for all the irregularities of their 

i motions, and their various diftances from the earth, &c. 
more juilly and naturally. 

Excfntric, 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 circumfcribes 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 ProfelTor Beckmann’s Hiftory of Inventions the 
reader will find an ordinance of the year 1394 concern- 
ing the acceptance of bills of exchange, and alio copies 
of two bills of the year 1404, which fufficiently prove 
that the method of tranfaSing bufinefs by bills of ex- 
change was fully eflablifiied in Europe fo early as the 
fourteenth century ; and that the prefent form and 
terms were even then ufed. The ordinance, which was 
iiTued by the city of Barcelona, decreed that bills of ex- 
change fnould be accepted within twenty-four hours 
after they were prefented, and that the acceptance fhould 
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 
veiled in the holder, whofe negleft therefore, when it 
vitiates the value, falls wholly on himfelf ? 

In a work publilhed 1798 by Profeffbr Bufch of 
Hamburgh, entitled, Additions to the Theoretical and 
Praaical 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 hill, he will receive much more 
than his due. May he. make his eleftion where to 
prove the whole demand, and where to prove the refi- 
due ? or ought he not (which feems moil equitable) to 
be compelled to prove his debt againft his immediate 
predeceffor only ?—the affignees 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 dofhine of life 
annuities, is the ffiare, or number of years of life, which 

EXT 
a perfon of a given age may, upon an equality of chance, Exponent 
expeft to enjoy. hal, , 

By the expectation or ffiare of life, fays Mr Simpfon fteHary”” 
(Se/e3 Exercifes, p. 273), is not here to be underftood y-™«> 
that particular period which a perfon hath an equal 
chance of furviving ; this laft being a different and more 
fimple confideration. The expectation of a life, to put 
it in the moll familiar light, may be taken as the num- 
ber of years at which the purchafe 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 
ffiare 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 refpefting 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 expedlation muft 
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 fumming up thofe differences, or finding 
their fluents. 

Exponential Curve, is that whofe nature is defined 
or expreffed by an exponential equation ; as the curve 
denoted by ax = y, or by xx — y. 

Exponential Equation, is one in which is contain- 
ed an exponential quantity : as the equation d* — b, or 
xx zz a b. See. 

Exponential Quantity, is that whofe power is a 
variable quantity ; as the expreffion ax, or xx. Expo- 
nential quantities are of feveral degree's and orders ac- 
cording to the number of exponents or powers, one over* 
another. 

EXTRA-Cokstellary Stars, fuch as are not 
properly included in any conftellation. ! '' 

Extra-Mundane Space, is the infinite, empty, void 
fpace, which is by fome fuppofed to be extended be- 
yond the bounds of the univerfe, and confequently iff 
which there is really nothing at all. The phrafe extra- 
mundane fpace has been fo long in ufe among our heft 
writers, that it is now impoffible to banifh it from the 
language ; and yet it has been the fource of fome ex- 
travagant miftakes. Many philofopbers confider fpace 
as fomething real, diftimft both from body and mind ; 
and no lefs a man than Dr Clarke confidered it as art 
attribute of the Deity. Yet we think nothing more 
evident, than that if body had neveP exifted, fpace would 
never have been thought of; and if this be fo, extras 
mundane fpace, iiiftead of denoting any ra*/thing,'or 
attribute infinitely extended, can mean nothing more 
than \.Xiz pojfibility. of enlarging the corporeal univerfe, 
however widely extended it may be. See Metap h ysic4, 
Encycl. Part II. ch. iv. 

■ j ' 'r d-! v-' # ,.. . ... 
(a) Profeftbr Bufch published in 1792 a work entitled A Theoretical and PraSical Delineation of Commerce, 
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Extrado*, 
ExtremeSt 
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EXTRADOS/the outfide of an arch of a bridge, 

vault, &c. See Arch in this Supplement. 
EXTREMES Conjunct, and Extremes Disjuna, 

in fpherical trigonometry, are, the former the two circu- 
lar parts tjrat lie next the affumed middle part ; and the 
latter are the two that lie remote from the middle part. 
Thefe were terms applied by Lo-rd Napier in his uni- 
venal theorem for refolving all right-angled and quad- 
rantal fpheiical triangles, and publilhed in his Logarith- 
morum Canonis Defcriptio,?a\n. 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 demonitrated by Pitifcus, Extreme* 
Lanibergius, Copernicus, Regiomontanus, and others.   
In this theorem, negledting 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 conjunft when they are 
immediately adjacent to that middle part, or they are 
the extremes disjundl when they are each feparated from 
the middle one by another part. 

F. 

Face or Fa5ade> in archite6lure, is fometimes ufed 
Falconry. for the front or outward part of a building, which 

'•“■"v-"— immediately prefents itfelf to the eye ; or the fide where 
the chief entrance is, or next the ftreet, &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 praflifed 
among the Thracians, and likewife among the Britons 
before the invalion 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 moft 
learned men of his time, affirm that no nation or people 
were accuttomed to catch either land or water lowls 
with any rapacious bird trained for the purpofe. 

We were pleafed to fee our own opinion, fo different 
from this, completely eftablilhed by the learned labours 
of .Profeffor Beckmann. So early (fays he) as the time 
of Cteiias (and he refers to the page and edition ot his 
author) hares and foxes were hunted in India byr means 

* Kift Ani- of rapacious biids. The account of Ariftotle *, how- 
mal, lib ix. ever, is ftill 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 
buffies which grow in marlhy places, in order to raife 
the imall birds, which the hawks purfue and drive to 
the ground, wiiere the fowlers kill them with poles,” 
The fame account is to be found in another book aferi- 
bed alfo to Ariftofle; and which appears, at any rate, 
to be the work of an author not much younger. Re- 
fpe&ing Thrace, which is fituated above Amphipolis, 
a wonderful thing is told, which might appear incredi 
ble to thofe who had never heard it before. It is faid 
that boys go out into the fields, and purfue birds by 
the affiftance 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 bullies, 
where the boys knock them down with flicks and 
feize them. What is ftill more wonderful, when thefe 
hawks lay hold of any birds themfelves, they throw 
them to the fowlers j but the boys, in return, give 

them fome ffiare of the prey. De mirabilibus aufcultat. Falconry, 
cap. 128. c—y—j 

In this paffage, there are two additions which render 
the circumftance ftill 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 Hands on the hand, and the thong ufed 
for holding it, to form a ftiort defeription of falconry 
as ftill practifed. Our falconers, when they have taken 
the bird from the hawk, give him, in return, a fmall 
ftiare of it ; and in the like manner the Thracian hawks 
receive fome part of their booty. 

Other writers after Ariftotle, fucli as Antigonus, 
iElian, Pliny, and Phile, have alfo given an account of 
this method of fowling. JEIian, 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. xElian, alfo, in another place deferibes a 
manner of hunting with hawks in India, which, as we are 
told by feveral travellers, is ftill pradtifed in Periia, where 
it is well underftood, and by other eaftern nations. 

The Indians (fays he) hunt hares and foxes in 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 ilefh faftened 
to it, and fufter thefe birds to fly after it, in order to 
feize the ftefh, which they are fond of, and which, on 
their return, they receive as the reward of their labour. 
When thus inftrudled 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 mailers, 
as we are informed by Ctefias. Inftead of the fiefh, 
however, which was faftened 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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d;a and Thrace the firft information rerpefting the me- 
thod of fowling with birds of prey ; but it does not ap- 
pear that this pradlice was introduced among them at 
a very early period. In Italy, however, it muft have 
been very common, for Martial and Apuleius fpea’k of 
it as a thing every where known : the former calls a 
hawk the fowler's fervant. 

I he Profeilor traces the hiftory of this art with great 
learning down to the prefent time. It was carried to 
the higheft perfection at the principal courts of Europe 
(he fays) in the 12th century, when the ladies kept 
hawks, which were as much fondled by thofe who 
wdhed to gain their favour as lap dogs are at prefent. 
Among the oldeft writers on falconry, as an art, he 
reckons Demetrius, who about the year 1 270 was phy- 
iician to the Emperor Michael Paleologus. His book, 
written in Greek, was firil printed at Paris in 1612 
with a Latin tranllation ; but its precepts (fays our au- 
thor) would be thought of very little value at prefent. 
l or an account of the modern art of Falconry, fee 
ILncyclopadia 
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having got only to Kafan in 17731 he there obtained 
permilfion to go and ufe the baths of Kifliar, from 
which he returned again to Kafan at the end of the 
year, with his health apparently better. 

But his difeafe foon returned with redoubled vio- 
lence. From the month of December 1773 he had 
never quitted his bed, nor taken any other nourifhment 
than bread dried in the Swedifh manner (knajkebrced), 
of which he fcarcely took once a day fome mouthfuls 
dipped in tea. At firft he received the vihts of a few 
friends ; but afterwards denied himlelf to them, and 
was reduced to the itrifteft iolitude. When M. Geor- 
gi, member of the fociety of natural hiftory at Berlin, 
who had been deftined to affift and relieve the profeftbr 
in the duties of his expedition, went to fee him on this 
occafion, nothing feemed left of him but a Ikeleton of 
a wild and terrifying afpe£t. The few words he drew 
from him confifted in complaints, occafioned by a holt 
of difeafes which kept his body in torture, and threw 
him into the molt cruel Ikepleffnefs. The laft evening 
M. Georgi kept him company till midnight. He fpoke _ ivi. creorgi K.ept mm company tin mitinignt. ne ipone 

(J°hn Peter), known to the world as one of little, and faid nothing that could give reafon to luf- 
e fcientifie travellers emnloved hv the late Kmnrefs fle/ium lip whq merlitafInn* T-T!q Vmntpr anri the feientifie travellers employed by the late EmprefL 

of Rulfia to explore her vail dominions, was born in 
Weftrogothia, a province in Sweden, about the year 
1727. He ftudied medicine in the univerfity of Upfal, 
and went through a courfe of botany under the cele- 
brated Linnaeus, to whofe fon he was tutor. He pub- 
licly defended the differtation (a) which that famous 

pe£t the delign he was meditating. His hunter, and 
at the fame time his trufty fervant, offered to fit up 
with him the night; but he could not be perfuaded to 
confent. 

M. Georgi being requefted the next day, March 31, 
to come to the lodging of the unfortunate gentleman, he 
found him lying before his bed, covered with blood ; uriy ucicnueo me Qinertation (a) which that tamous tound 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 
llC railed fl(lirnmpirin T^Iif „ /I* L«.  1 '  ..   1 . he called aflromeria. 

In the year 1760, he was fo deeply affefted with de- 
prelfion of fpirits, that M. de Linne, in the view of obli- 
ging him to take exercife and diffipation, fent him to 
travel over the illand of Gothland, to make a colledlion 

felt a flight wound in the throat, the fatal piftol, and a 
powder-horn; all together prefenting a tremendous fpec- 
tacle. He had put the muzzle of the piftol againft his 
throat, and, refting the pommel upon his bed, he dif- 
charged the contents in fuch a manner, that the ball. ^ 7 AAtt l V. Vi LllV. V VZiiVVULO 111 IUVL1 Cl liiCiXliiV.X ^ LiiClL LllV- 

of the plants it produces, and the various kinds of corals having gone through his head, had {tuck in the cieling, 
eaves on its fhores. This His foldier had feen him ftill liming up in his bed a) and corallines which the fea leave_      

voyage was attended with no diminution of his diftem- 
per, which found a continual fupply of aliment in a ian- 
guine melancholy temperament, in a too fedentary way 
of life, and in the bad Hate of his finances. 

Profeffor I'orfkael having left Upfal for Copenhagen 
m 1760, lalk followed him thither,' in the defign of 
applying, by tne advice of Jil. de Linne, to be appoint- 
ed affiftant to M. Forfkael in his famous journey thro' 
Arabia ; but notwithftanding all the pains that M. QE- 
der, and feveral other men of literary reputation at Co- 
penhagen, took in his behalf, his application failed, as 
the fociety that were to go on that important expedi- 
tion was already formed. Obliged, with much difeon- 
tent, to return, he herborifed as he travelled, and en- 
riched the Flora Suecica with feveral new difeoveries. 

A man in office at St Peterfburgh having written to 
Linne to fend him a direftor for his cabinet of na- 

tural hiftory, M. Falk accepted the poll, which led him 
to the chair of profeflbr of botany at the apothecaries 
garden at St Peterfburgh, a place that had been long 
vacant. His hypochondriac complaint ftill continued 
to torment him. When the Imperial Academy of Sci- 
ences was preparing in 1768 the plan of its learned ex- 

..  ^ _r M at 
four o’clock, at which time he ufually fell into a fliort 
flumber. In his chamber was found a note written the 
evening before, betraying throughout the diftradted. 
ftate of his mind, but nothing declaratory of his defign, 
or that was of any importance. 

M. Falk, like all hypochondriac perfons, was not ve- 
ry communicative, and on certain occafions was diftruft- 
ful. But, at the fame time, he was of a fedate temper, 
complaifant, and upright, which made it a very eafy 
matter to bear with him, and fecure to him the indul- 
gence of all lu"s acquaintance. His extreme fobriety 
had enabled him to make fome favings from his pay, 
though he was very beneficent ; it was not, therefore, 
indigence that drove him to this adt of violence. He 
was of a cold conftitution, preferring folitude and quiet 
to fociety, to the company of his friends, and to ordi- 
nary amufements, which yet he did not fhun, except 
in the latter period of his life. As to religion, he fhew- 
ed on all occafions more refpedt for it than any ftrong 
effufions of zeal. It was folely to be aferibed to the 
violence of his diftemper, and the weaknefs of mind 
which it brought on, that led him to put a period to 
his days. The fate of this unfortunate fcholar was ge- . .  i. X o • / VZA A VO AV-ai tA- 1119 uay 9, JL UKT idLC Ui LiilO I 

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., 

Falk. 

(a) In the colledion known under the title of Lmi Amanitates Academic#. 
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contain, however, very ufeful and important relations. 
He 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- 
faftory notions concerning the objedls of his inveftiga- 
tions. The*Imperial Academy, in 1774, appointed 
Profeffor Laxmann to arrange his manufcvipts in order 
for publication ; which was done accordingly. 

FARMER (Richard, D. D.), fo well known as one 
of the commentators on Shakefpeare, was a man of fuch 
pleafing, though Angular manners, that we regret the 
very imperfeft account which we muft give of his life. 
One of us, who had the pleafure 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 fueh a biographical fketch of this agreeable 
man as might be acceptable to our readers, aud 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 
cf every perfon who, like Dr Farmer, is the friend of 
order, and the enemy of fudden or rapid innovations. 
To that mifcellany, therefore, we muft be beholden for 
many fads; but we fttall certainly copy none of its ma- 
levolence. 

Dr Farmer was born at Leicefter 1735 ; but what 
v.-as the ftation 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 lefctres. 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 dodor of divinity in 1775; in which 
year he was alfo eleded mafter of Emanuel on the de- 
ceafe 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 fadious 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 adually to refufe the key of the 
place which contained the feal neceftary on fuch occa- 
ftons. 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 affed 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 condud 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 condud effentially 
wrong, as to vindicate the obftinate arrogance of him 
who occafioned it. The feal was the property of the 

univerfity, of which this outrageous fupporter of the 
bill of rights was but an individual member. The uni- 
verfity had refolved that it fiiould be employed for a 
certain purpofe, which it was the duty of the vice chan- 
cellor to carry into effed ; and fince the feal was re~ 
fufed to him, he had no alternative bu?1 to get pofief- 
fion of it by force. We hope, however, that he em- 
ployred a fervant to break the door ; and, indeed, as 
vice-chancellor, he muft have had fo many fervanis at 
his command, that it is not conceivable he would wield 
the (ledge 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 (ketch had the happinefs of be- 

Farmer 

ing introduced to him, and witneffing his hofpitality. 
After enjoying his prebend for (everal years, he refign- 
ed it on being preferred, by the prefent premier, to a 
refidentiary (hip of St Paul’s ; arid we have reafon to 
believe that he declined a biftiopric, 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 eftiina- 
tion, the dazzling fplendor of the mitre; but he had 
other and better reafons for preferring a private to a 
public ftation. 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, he 
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 biftiop: 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 date or ceremony of any kind—he very 
wifely preferred his refidentiaryfhip to the highell dig- 
nity in the church. At the time of his death, which 
happened in the autum of i797> 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 refidentiary of St Paul’s, 
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- 
nedled with the Englifti drama ; and having a ftrong 
prediledfion for old Englifti 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 pafied through feveral editions. 
This eflay was, in fadt, 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 adlual- 
ly begun to print it, rather than fubmit to the fatigue 
of carrying it through the prefs, he returned the (ub- 
feriptions, and prefeuted the MSS. and plates to Mr 

Nicholsy 
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Nichols, the refpeftable printer of the Gentleman's individual; and, with 
Magazine, who has fince carried on the hiftory with a 
degree of fpirit, ability, and induftry, perhaps unprece- 
dented in this denartment nf 1 ifpt-ofn 

FAS 
. - his eccentricities, his death 

was a lofs to that learned body, which, in the opinion 

dented in this department of literature.' 
Indolence and the love of eafe were indeed the Doc- 

tor’s chief chara&eriltics ; 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 diftinguifhed 
themfelves by feveral oddities : There were three things, 
it was faid, which the mafter 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 mafter of Emanuel was always 
there in an old blue great coat, and a nifty hat. When 
in London, he was fure to be found in the fame garb 
at an old book-ftall, or Handing at the corner of a dirty 
lane,^ poring through his glafs at an old play-bill. 

This chara&er is not drawn by a friendly pencil; 
but it is neverthelefs not unjuft. ' His inattention to 
the common decencies of drefs and behaviour was noto- 
rious, infomuch that, in the company of ftrangers, 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 drefied in (lockings of unbleached thread, brown 
breeches, and a wig not w-orth a fliilling; 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 archbifhop, Dr Farmer re- 
plied, that it had totally efcaped him ; but he went 
home, and drefled himfelf like a clergyman. That he 
fat late reading, and occalionally 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. His 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 unfrequentlv 
took advantage of this unconquerable indolence to bor- 
row of him confiderable fums, w'dl 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 wms himfelf a penfioner of Emanuel, 
tnat when he left that college, he was near fifty pounds 
in debt to Dr Farmer; “ a debt (faid he) which I 
would have fcrupuloufiy paid, but,'after repeated foli- 
citations, I could get no bill from him." 

Having been a warm partizan of government du- 
ring the American w-ar, it will readily be believed that 
Dr Farmer w-as the determined enemy of levellers and 
anarehifts. 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. Whilft 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, more influence than any other 
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of fome of its members, will not foon be made up. 
. ^ time before his death, his charadler w^as thus 
juftly and ably drawn by the celebrated Dr Parr: 

“ Of any undue partiality towards the mafter of 
Emanuel College, I lhail not be fufpedled by thofe per- 
fons who know how little his fentiments accord w ith 
mine, upon fome ecclefiaftical, and many political mat- 
ters. From rooted principle and ancient habit he is a 
tory ; I am a whig ; and we have both of us too much 
confidence in each other, and too much rafpeft for our- 
felves, to diffemble what we think, upon any o-rounds, 
or to any extent. Let me then do him the jullice which, 
I am fure, that he will ever be ready to do to me. Flis 
knowdedge is various, extenfive, and recondite. With 

, much feeming negligence, and perhaps, in later years, 
fome real relaxation, he underftands more, and remem- 
bers more, about common and uncommon fubje&s 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 refledled, in many a ferious 
moment, with pleafure, 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 fubjedl. Of his liberality in patroni’ 

• learned men I could point out numerous inftances. 
Without the fmalleft propenlities to avarice, he poflef- 
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." 

FAbCINATION, the art of bewitching, enchant- 
ment, an unfeen inexplicable influence. Under the 
title Serpens {Encycl n° 22.) we have mentioned fe- 
veral inftances of the fafeinating power of the rattle- 
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 
Parts of Africa, an account is given of fimilar inftances 
of calcination by African fervants, fome of them wit- 
neffed by himfelf, and others reported to him by men 
of veracity. 

On the confines of the European colony, at a place 
ca.led Swart-land, our traveller faw a Ihrike on the 
branch of a tree, tremble as if in convulfions, 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 gaz.W 
on the poor animal. He (hot the ferpent ; but, in the 
mean time, the bird had died. Having meafured the 
diftance between the place where the Ihrike was feen 
in convulfions and that occupied by the ferpent when 
it was Ihot, 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 flighteft wound.-In another dillrift 
of Africa, during the courfe of the fame travels, he 
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faw a fmall moufe die in convulfions, occafioned by the 
fafcinating power of a ferpent, at the dulance or two 
yards from it; and when he confulted his Hottentots 
upon this incident, they expreffed, he fays, no fort of 
aftonifliment, but affured him that the ferpent had the 
faculty of attrading and fafcinating fuch animals as it 
wifhed to devour. 

We have already had occafion to remark how regaru- 
lefs this author is of inconfiftencies in his narrative ; and 
we perceive fomething like an inconliltency in the nar- 
ratives before us. Though his Hottentots expreffed 
no furprife at the fafeination of the moufe, and decla- 
red that nothing was more common, he fays exprehly, 
that to thofe who witneffed the fafeination of the fhnke, 
the fad appeared fo extraordinary, that, they could 
hardly believe it, even after they had feen it.. . 

The moft wonderful inftance of fafcination which 
we have anywhere met with, was that of a Captain in 
the Dutch fervice at the Cape, who, after affunng 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 fafeination. While in garnfon at 
Ceylon, and amufing myfelf, like you, in hunting m a 
marfh, I was, in the courfe of my fport, fuddenly fei- 
zed with a convulfive and involuntary trembling, diffe- 
rent from any thing I had ever experienced, and at the 
fame time was ftrongly attraded, 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 pierced 
me. Having, however, not yet loft all power of motion, 
I embraced the opportunity before it was too late, and 
fainted the reptile with the contents of my fufee. The 
report was a talifman that broke the charm. Ad at 
once, as if by a miracle, my conyulfion 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 inftance of fafeination differs in one very.mate- 
rial circumftance from the two fomewhat fimilar inftan- 
ces mentioned in the Encyclopedia. In both thefe, 
the eyes of the perfons fafeinated 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 true, the ef- 
fed which he defenbes could not poffibly have been 
the effed of fear, but of fome unfeen influence on his 
whole nervous fyftem. 

The fubjed has of late attraded the attention of 
men of fcience, whofe local fituation gives them an op- 
piortunity of making experiments upon different fer- 
pents, with a view to afeertain whether they really pof- 
fefs or not this moft unaccountable of all powers. In 
the year 1796 was printed at Philadelphia, a Memoir 
concerning the Fafcinating Faculty which has been aferi- 
bed to the Rattle fnake., and other American Serpents, by 
Benjamin 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 dated 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 fafeinate or enchant. No fooner 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 w’ho hear it, and underhand 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 
diitance, comes down again, then runs up, and, laftly, 
comes lower down. ‘ On that occafion (fays an honeft, 
but rather credulous wmiter*), it has been obferved, that * Pto/for 
the fquirrel always goes dowm more than it goes up / Peter Kalm* 
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 jav^s, and is fwallow- 
ed at once, if it be not too big ; but if its fize will not 
allow it to be fwallowed at once, the fnake licks it fe- 
veral times with its tongue, and fmoothens 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- 
fpefting 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 fpeak of the ingenuity of thefe 
reptiles in catching birds, fquirrels, Ike. they did not 
recoiled having ever heard them fay that fnak.es charm 
birds. On the other hand, however, a Mohegan In- 
dian told the Doclor 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 ft.akes, 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 buli- 
nefs-with its eyes. A Choktah Indian affured 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 furnifhed 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 Imall birds, which are then fo ilu> 
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 fafeination. The fame 
opinion has been adopted by profeffor Blumenbach of 
Gottingen, who, in his Manual of Natural Hiftory, 
thus expreffes himfelf on this curious fubjedl: 

“ That fquirrels, fmall birds, &c. fall down fponta- 
neoufly from trees into the mouth of the rattle-fnake, 

lying 
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lying below tbem, is an undifputed fa<?t; and is the tends, under certain circumftances, 
lefs furprifing, as the like phenomuia have been re 
marked in regard to other fnakes, and alfo toads, hawks, 

Fafcina 
tion. 

and cats ; all of which, in certain circumrtances, 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 effeft is produced by 
the rattle in its tail, the hilling noife of which makes 
fquinels, &c. whether through curiofity, miltake, or 
terror, feem to approach the animal as it were fponta- 
neoufly. 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- 
fc-lves in the bulhes, where they imitate the biffing noife 
of the rattle-fnake, and by thefe means attract fquirrels, 
which they are then enabled to catch.’' 

To this opinion Dr Barton oppofes an infuperable 
objection. It is, that this fafcinating power is by no 
means peculiar to the rattle-faake. With regard to 
the ftratagem of the favages, he thinks that Dr Blu- 
menbach has been impofed upon ; as neither he, nor 
any other perfon of whom he made the inquiry, ever 
heard of fuch a ftratagem. The young Indians, he 
fays, place a reed crofs-wife in their mouth, and by a 
tremulous motion of the lips, imitate the cry of young 
birds; by which means they entice the old ones, fo that 
they can eafily Ihoot them : And this pradfice may have 
given rife to the ftory of their imitating the hilling 
noife of the rattle-fnake. 

Some have fuppofed that ferpents, under certain cir- 
cumftances, emit from their bodies a ftupifying vapour ; 
and that it is this vapour which produces the effedt 
called fafcination : 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 digeftion 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 deftitute 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 frelh 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- 

Amcrican by a member of this fociety *, who has, for a conli- W»/c/fy£/c«/derable time, had a rattle-fnake under his immediate 
SWj. 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 otfeufive odour, fimilar to 
that of fleih in the laft ftage of putrefaftion, is conti- 
nually emanating from every part of the rattle-fnake, 
and fome other fpecies of ferpents. This odour ex- 

to a confiderable 
diftance from the body of the animal. Mr William 
Bartram allures me, that he has obferved ‘ horfes to be 
fenlible of, and greatly agitated by it, at the diftance of 
forty or fifty yards from the fnake. They (hewed (he 
fays) their abhorrence by fnorting, winnowing, and 
llarting from the road, endeavouring to throw their ri- 
ders, in order to make their efcape.” This fadt, 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 affecfting birds, at fmall dif- 
tances, with a kind of afphyxy. It even gives fome co- 
lour of probability to the ftory related bv Metrodorus* 
and preferved in the Natural Hiftory of Pliny 

Some experiments, however, which were made in I4c 

Philadelphia a little before the Dodfor compofed his 
memoir, feem to have been decifive not only as to the 
fetor, but as to every thing which refembles fafcina- 
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 fluggilh than 
the bird. Dr Barton himfelf faw a fnow-bird (fee Em- 
Berize, Emycl.) in a cage with a large rattle fnake. 
The little animal had been thus imprifoned for feverai 
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 perfeftly natural. 
It ate the feeds which were put into the cage ; and by 
its whole adfions moft evidently demonftrated that its 
fituation was not uneafy. 

Having thus difpofed of the doftrines of fome of his 
predeceffors, Dr Barton proceeds to fay : “ The refult 
of not a little attention to the fubjeft has taught me, 
that there is but one wonder in the bufinefs 5— 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 fafcinating 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, dill tender and defencelefs. I now began 
to fufpedf that the cries and fears of birds fuppofed to 
be fafcinated 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 bufhes 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 aduated by 
the ftrength of her inftin&ive attachment to her eggs, 
or of affedtion to her young. Her cry is melancholy, 
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Fauffe her motions are tremulous. She expofes herfelf to the 
F .N. mofl. imminent danger. Sometimes (he approaches fo 

e near the reptile that he feizes her as his prey. But 
this is far from being univerfally the cafe. Often fire com- 
pels the ferpent to leave the tree, and then returns to 
her nett. 

It is a well known fact, that among fome fpecies of 
birds, the female, at a certain period, is accuftomed 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 expoied to the attacks of the 
ferpent, which attempts to devour them. In this litua- 
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 deftruc- 
tion of her young : but fear, the inflinCt 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 dettrudion 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 expofed to lefs danger ; for, 
vvhilft engaged in fwallowing them, he 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 Brave, 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 fauffe-braye is the fame with 
what is otherwife called Chemin des rondes, and BaJ/e en- 
ceinte ; and its ufe is for the defence of the ditch. 

FEATHER-edged, is a term ufed by workmen for 
fuch boards as are thicker on one edge, or fide, than on 
the other. 

FELTING, the method of working up wool or 
hair into a kind of cloth or fluff, without either (pin- 
ning or weaving it. In this country felting it little 
pra&ifed except in hat-making; and as nine-tenths of 
thofe who are employed in the manufa&uring of hats 
know nothing of the principles on which they proceed, 
the following obfervations on the mechanifm of felting 
mutt to them be both agreeable and ufeful. They are 
by M. Monge, and taken from the Annales de Chemie. 

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 perfedlly fmooth and even ; 
or at leafl, 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 fubflances 
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 objedts, however, is by no means fmooth; 
on the contrary, it appears to be formed either of la- 
md!<e which cover each other from the root to the 

point, pretty much in the fame manner as the fcales of Felting, 
a ftfh cover the animal from the head to the tail; or, ■—■'V""—8 

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 feniible 
of any fritlion or refiftance, nor can we diflinguifh 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 fenfihle of a refiftance which- 
did not exifl 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 progreflively 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, he rubbed by them, in the longitudinal 
direffion of the hair, a progreffive motion takes place, 
and this motion is always towards the root. This effedl 
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 direfted 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 diredled outwards. By the various motions of the 
arm, this ear, fometimes catching againft the fhirt, 
fometimes againft the fkin, takes a progrefiive motion 
backwards, and foon gets up to the arm-pit. It is 
Very clear that this effedl is produced by the beards of 
the ear, and indeed chiefly by the afperities upon thofe 
beards ; which, being all diredled towards the point, 
do not permit the ear to move in any other direftion 
than towards that part to which it was united to the 
ftalk. There is no doubt that it is the fame with re- 
fpeft 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 direction 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, 
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rgr. furs, and in general to every kind of animal hair. The 

furface of all thefe is therefore to be confidered as com- 
pofed of hard lamelLe placed one upon another, like 
tiles, from the root to the point ; which lamelL allow 
the progreffive motion of the hair towards the root, but 
prevent a fimilar motion towards the point. 

From what has been faid, it is eafy to explain why 
the contaft of woollen fluffs is rough to the fl<in, while 
that of linen or cotton cloths is fmooth ; the reafon is, 
the afperities upon the furface of the fibres of the wool 
(notwithflanding the flexibility of each particular fibre), 
by fixing themfelves in the fkin, produce a difagreeable 
fenfation, at leaft till we are aceuflomed to it j where- 
as the furface of the fibres of hemp or flax, of which 
linen is made, being perfe&ly 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 flefh, which they flimulate and irritate 
to fuch a degree as to produce inflammation. 

This conformation is the principal caufe of that dif- 
pofition to what is called felting, which the hair of all 
animals in general pofiefles. 

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 pofiible direc- 
tions, fo as to form a layer of a certain thicknefs, and 
the workman covers them with a cloth, which he prefles 
with his hands, moving them backwards and forwards 
in various directions. This prefiure brings the hairs 
againfi each other, and multiplies their points of con- 
tad ; the agitation of them gives to each hair a pro- 
greffive motion toward the root ; by means of this mo- 
tion the hairs are twitted together, and the lamella of 
each hair, by fixing themfelves to thofe of other hairs 
which happen to be dire&ed the contrary way, keep 
the whole in that compad ftate which the preflure 
makes it acquire. In proportion as the mafs becomes 
compad, the preflure of the hands fliould be increafed ; 
not only to make it more clofe, but alfo to keep up the 
progreffive motion and twitting of the hairs, which then 
takes place with greater difficulty : but throughout the 
whole of this operation, the hairs fix themfelves 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 oft' 
v/ith a ffiarp inftrument (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 confequently be lefs difpofed to introduce itfelf 
among the contiguous hairs, and to contribute by its 
progrefs 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 pofieffes the forementioned tendency to move 

progreffively towards the root, and that the inclined /<*- Felting, 
mella, by hooking themfelves to each other, prefervethe Ferguflbn^ 
mafs in that ftate to which compreffion has brought it; v ' ^ 
but it is alfo neceflary that the hairs fhould not be 
ftraight, like needles; if they were fo, preffing and rub- 
bing them together would merely caufe them to conti- 
nue their progreffive motion, without changing their 
direction ; and the effedf 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 
muft therefore be twifted or curled in fuch a manner 
that the extremity which is ’owards the root may be 
difpofed to change its dire&ion perpetually, to twift 
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 ftraight, 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 Ikin, with a brufti dipped in a folution 
of mercury in aquafortis (nitric acid). This liquor, 
adting only on one fide of the fubftance of the hairs, 
changes their diredfion 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 finiflied ; 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 themfelves, 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- 
tradled. A particular dire&ion is afterwards given to 
them by means of a brufti, and they are made to keep 
this diredbon by having a hot iron paffed over them, 
li the agitation were continued for a longer time, thefe 
hairs, not having their ftraightnefs deftroyed by the ope- 
ration before deferibed, would pafs entirely through 
the felt, going out at the oppofite furface, as each 
hair follows exadily the dirediion 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. 

iEllGUSSON (Robert), who at an early period uf- 
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 ffietch prefixed to the Perth edition , 
of his poems he is faid to have been born in lyiji. 
.His father William Ferguflbn poffeifed, as well as. 

himfelf, fome talents for poetry ; but, marrying early, 
and being wifer than his fon; he abandoned the mufes 

fox. 
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Ferpuffm. for trade, and was employed in different mercantile 

V houfes, fir(l 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 thing like 
opulence. 

During the years of infancy and childhood the con- 
flitution of our poet was fo weak, that little hopes were 
entertained of his arriving at manhood. By the care, 
however, and attention of his parents, he gradually ac- 
quired ftrength, and at the age of fix was put to an 
Engliih fchool, where his proficiency in reading and re- 
citing was uncommonly great. At the age of fevtn he 
was fent 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 univerfity of St An- 
drew’s. A gentleman of the name of FergofTon had 
left burfaries in that univerfity for the education of two 
boys of the fame name ; and Mr William Ferguffon ha- 
ving with difficulty obtained one of them for his fon, 
was induced to educate him at St Andrew’s in prefe 
rence to Edinburgh. 

Though at no period of his life a fevere fludent, our 
poet's attainments in feience were fnch as to keep alive 
in the univerfity the hopes which had been formed of 
him at fchool ; and he was confefTedly the hrft mathe- 
matician of his handing. 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 Doctor 
valued him as much for his poetical genius as for his 
fkill in geometry ; for Wilkie was a poet himlelf, and 
Mr Ferguffon had already written feveral fmall poems 
which attra&ed confiderable notice, as well from the 
profeffors as from his fellow-ftudents. But whatever 
was the bond of union, Dr Wilkie patronifed the youth- 
ful poet ; and the poet (hewed afterwards that he was 
not ungrateful. Upon the Dodfor’s death, he pub- 
liflied, 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 lait winter that he refided 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 bis defign ; “ be- 
caufe (faid he to a friend) whatever I publifh {hall be 
original, and this tragedy might be confidered as a 
copy.” 

Having finifhed his ftudies at the univerfity, he 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; but he declined it, becaufe, he faid, that, 
when reading the defcription of difeafes, he fancied that 
he felt the fymptoms of them all in himfelf. To the 
law, however, he could not ftart 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 
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furprife ; for, according to them, it was a ftutly the FergufTon, 
moll improper for him, as it could not be expefted that •v—-*' 
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 trufl 
that bis two biographers will not -confider us as intend- 
ing any offence to them, if we embrace the prefent op- 
portunity of expofmg the folly of a very common re- 
mark, that a lively genius cannot fubmit to vvhat 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 diftin&ions at home, 
we fhall take our examples from England. The genius 
of the late Earl of Mansfield was at lea ft as lively as 
that of Mr Ferguffon, and if be had pleafed he could 
have been equally a poet ; yet he fubmitted to the 
drudgery of ftudying a law ftill drier than that of Scot- 
land. To the fine talle of Atterbury bifhop of Ro- 
chefter, and to his claffical compofitions both in prole 
and veHe, no man is a ffranger who is at all converfant 
in Engliih literature: yet that elegant fcholar and poet, 
after he had rifen to the dignity of Dean of Carlifle, 
fubmitted to the drudgery of ftudying, through the 
medium of barbarous Latin, the ecclefiaftical law of 
England from the earlieft ages ; and declared, that by 
dint of perfeverance he came in time to relifh it as much 
as the ftudy 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 
ftudying 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 ftudy which is ufeful and ho- 
nourable. Such men were Lord Mansfield, the Bifhop ‘ 
of Rochefter, and Milton; but, whether through fome 
radical defedi in his nervous fyftem, or in conlequence 
of early diffipation, Mr Ferguflbn, wi .h many eftimable 
qualities, was fo utterly deftitute of this mental vigour, 
that rather than fubmit to what his friends call drud- 
gery, he feems to have looked with a wifliful eye to 
fome fmecure pldce. 

With this view he paid a vifit to an uncle who lived 
near Aberdeen, a man of great learning and in opulent 
circumftances, in hopes that, by his intereft, he might 
be fettled in a poll fuitable to his merit: But how de- 
lufive were his hopes ! 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 fettlement. 

To a mind like Ferguffon’s, feelingly alive, fuch treat- 
ment from fo near a relation, to whom he had always 
behaved with becoming refpedft, muft have been dread- 
fully galling. Stung with indignation, he returned ter 
bis 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 “ Againft 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 Friendfhip : 

But, 
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Ferguffon. But, ah! tliefe youthful fportive hours are fled, 
‘*a~-v - Thefe fcenes 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 deilroy, 
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 fo, much the fheet; but not liking the employ- 
ment, and quarrelling with the commiffary 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 
fuffered to remain ; happy had it been for him, had bis 
converfation been lefs fafcinatiug, and his company lefs 
courted by the frolic and the gay. PofTeffing an inex- 
hauftible fund of wit, the beft good nature, much mo- 
defty, and great goodnefs o4f heart, he wras viewed with 
affedtion by all to whom he was known; but his powers 
of fong, and almoft unrivalled talents for mimickry, 
led him oftener into the company of thofe who wifhed 
for him merely to enliven a fqcial 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 confequence 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 ebnety committed ac- 
tions which, in his cooler moments, he refletted 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 accofted by a clergy- 
man, who feemed to be no ftranger to the kind of life 
which he led. This judicious divine contrived to draw 
his attention to the fliortnefs of time, the length of 
eternity, death and judgment, and the awful (late that 
awaits the wicked in an unfeen world ; and the conver- 
fation made a deep impreffion on his mind. It feemed, 
however, to be effaced from his memory by the diffipa- 
tion of Edinburgh, till it was recalled with double effett 
by the following accident : 

In the room adjoining to that in which he flept was 
a flailing, which being feized one night by a cat that 
had found its way down the chimney, awaked Mr Fer- 
guffon by the moft alarming fcreams. Having learned 
the caufe of the alarm, he began ferionfly to reflcft how 
often he, an immortal and accountable being, had in 
the hour of intemperance fet death at defiance, though 
it was thus terrible in reality even to an unaccountable 
and finlefs creature. This brought to his recollection 
the converfation of the clergyman, which, aided by the 
iolemnity 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 fociety, 
and to allow the remembrance of his pail follies to prey 
upon his vitals. All his vivacity now forfook him ; 
thofe lips which were formed to give delight, were do- 

647 ] k F E R 
fed as by the hand of death ; and “ on his countenance FergofTon 
fat horror plum’d.” 

From this ftate 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 fo dreadfully, that from the lofs of blood 
he became delirious. In this deplorable flate he conti- 
nued for feveral months, till, being quite exhaufted by 
want of fleep and conllant fpeaking, he expired on the 
16th of Oftober 1 774. He was interred in the Canon- 
gate chuichyard, where his friends ereCIed a monument 
to his memory, which has been fmce removed to make 
way for a larger and more elegant monument by his 
enthufiaflic admirer the late poet Burns. 

Thus died Robert Ferguflbn, a young man of the 
brighteft genius and of the beft heart, who, had he 
joined prudence to his uncommon talents, muft 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 chanuffer can be given. The 
fubjedfs of them are fometimes uncommon and generally 
local or temporary. They are of courfe very unequal. 
But fuch of them as are in the bcottifli dialeft have 
been univerfally admired by his countrymen; and when 
1V'S-C.'5n^<?ere^ were compofed amidft a round of diffipation, they will be allowed to furnifh complete 
evidence of his genius and his tafte. 

FERMAl (Peter), who was counfellor of the par- 
liament o; Touloufe in France, fiouriftied in the 17th 
century, and died in 1663. He was a man of great 
talents, and a very general fcholar ; but being contem- 
porary and intimately connected with Des Cartes, Mer- 
fenne, T. orricelli, and Huygens, he was naturally led to 
devote much of his time to the mathematical faiences. 
He was (fays Dr Hutton) a firft rate mathematician, 
and poffeffed the iineft tafte 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 ai! forts of Parabolas—2. Another on iA&i. 
mums and Minimums : which ferves not only for the 
determination of plane and folid problems, but alfo for 
drawing tangents to curve lines, finding the centres of 
gravity in folids, and the refolution of queftions con- 
cerning numbers : in Ihort, a method very iimilar to the 
fluxions of Newton.—3. An Introduction to Geome- 
tu'c Loci, plane and folid.—4. A Treatife on Spheri- 
cal Tangencies : where he demonftrates in the folids the 
fame things as Vieta deinonftrated in planes. —5. A Re- 
ftoration of Apollonius’s two Books on Plane Loci.   
6._ A General Method for the dimenfion of Curve 
Lines. Befides a number of other fmaller pieces, and 
many letters to learned men ; feveral of which are to be 
found in his Opera Varia Mathematica, 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 directions, prin- 

cipally 
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Fermfrta- cipally from Mr Ricliardfon of Hull, for the proper fer- 

tion- mentation of malt liquors as have not been fully detail- 
V“' * ed in the article Brewing (Encycl.). 

This author controverts, we do not think very fuc- 
cefsfully, the conclufions drawn by Mr Henry from the 
experiments, of which the reader will find an account 

i-in the article Fermentation {Encycl ) ; but it is not 
his theory with which we are at prefent concerned, but 
his pradice 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- 
plement, 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 I'er- 
menfation (EncyclS), he proceeds thus : 

“ The agency of air, in the bufinefs of fermentation, 
is very powerful ; but as all fermentable fubjedshave an 
abundant fupply, we are rather to provide for the egrefs 
of their own, than to fufl’er the admiflion of the exter- 
nal air, by which a great number of the fine, volatile, 
oleaginous parts of the fubjed would be carried off, 
and a proportionate injury in flavour and fpirituofity 
fuftained. Hence fuch a covering (hould 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 
furface of the beer the whole depth of the curb, pre- 
vents the adion of the external air, and confequently 
the efcape of thofe fine and valuable parts juft men- 
tioned. ; 

“ But towards the conlufion 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- 
rituofity is not the leaft ; for this evaporation is more 
and more fpirituous, as the adion approaches the com- 
pletion of vinous fermentation ; and that once obtained, 
the lofs becomes ftill more confiderable, if ftill expofed 
to the air ; whence it might be termed the diftillation 
of Nature, in which fire is fo much fuperior to art, that 
the ethereal fpirit rifes pure and unmixed, whilft the 
higheft redification of the ftill produces at heft but a 
compound of aqueous and fpirituous parts. 

“ Nor is this entirely conjedure. Experience teaches 
us, that we cannot produce fo ftrong a beer in fummer, 
ceteris paribus, as in winter ; the reafon is, not becaufe 
the adion of fermentation does not realize fo much fpi- 
rit in warm weather, but becaufe the fermenting liquor, 
after the perfedion of vinofity, continues fo long in a 
ftate of rarefadion, 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 mutt be produdive of 
additional fpirituofity, fo long as the adion keeps with- 
in the pale of vinous fermentation. 

“ In order to maintain a due regulation of the fer- Fezzan. 
meriting power, and to anfwer the feveral purpofes of v— 
the operation, a fcrupulous attention to the degree of 
heat at which the adion 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 af- 
certained only by the intention of the artill. 

FEZZAN is a kingdom in the anterior of Africa, 
placed in the vaft wildernefs as an ifland in the ocean. 
The follow ing account of it was given to Mr Lucas 
the African traveller by an old Ihereef, a native of Fez- 
zan ; and that account was confirmed by the governor 
of Melurata, who had himfelf vilited Fezzan, and who, 
having treated the traveller with great kindnefs, ought 
not to be fufpetted 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 refrelhments are procu- 
red for the caravan. From thence in live 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 miferable village, producing nothing 
but dates, brackilh w-ater, and Indian corn ; from this 
village a day’s journey condmfts to the town of Sebbab, 
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. Eaftward of 
Mourzook is the town of Queela, in which are the re- 
mains of ancient buildings ; the lize of the citterns, 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 
w'hich was a river which the Ihereef 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 floats on 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 fliep. 
herds ; in every town a market is regularly held ; mut- 
ton and goat’s flefti 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 compofed oi 
branches 
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^ branches of trees, on which earth is laid ; this is fuffi- 
cient in a climate where it never rains. _ The heats in 
fummer, from April to November, are intenfe, and the 
hot winds blow from the fouth-eaft, fouth, and fouth- 
weft, with fuch violence as to threaten fuffocation ; 
when it changes to the weft or north-weft a reviving' 
irefhnefs enlues. ° 

The drefs of the inhabitants is like that of the Moors 
of Barbary, confiding of a large pair of, trowfers, a 
iliirt which hangs over the trowfers, a kind of waiftcoat 
without fleeves, and a jacket with tight fteeves ; over 
the jacket is a loo(e robe which reaches below' the knee 
a girdle of crimfon, and a long cloth called a larralon 
or alhaicqne, like a highland plaid, is worn ; dockings 
of leather, laced like half-boots, and flippers ; on the 
hea., a red cap and turban ; fometimes over the w'hole 
they throw a long cloak with a hood, called a lur- 
nooje. In fummer they throw off all but the Hurt and 
the cap. 

bear veiT degrees of heat, but any cold affefts them feniibly. Their difeafes are chiefly 
of the inflammatory and putrid kind ; the fmall pox is 
common. Their old women are their principal phyfi- 
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 afled the beggars of 
Jfturope. / 0 

In their perfons they incline to the negro, of a deep 
fwaithy complexion, w’itli curly black hair; they are 
tail, but indolent, inadive, and weak. In their com- 
mon inter-courfe, diftindion of rank feems to be for- 
gotten ; rich and poor, mafter and man, converfe, eat, 
«nu drink together; they are, 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, 
oate trees, the olive and lime, apricot, pomegranate, 
and fig ; Indian corn and barley are the favourite ob- 
jeds 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 huadee, which when chafed 
plunges with addrefs from a precipice, and lights on its 
hams. 

The food of the lower clafs confifts of flour of In- 
dian corn, feafoned wu'th 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 intoxicatingftrength. 
In religion they are rigid Mahomedans, but tolerant. 
Ji heir government monarchical ; their prefent king is 
defeended from one of the fhereefs 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 Fey.y.an. the  u ^   1 • 11 

1 FEZ 
Hie revenue Is compofed of a tax on towns and vil. 

lages, a tax on every camel load of goods (except pro- 
vilions) which enters the Capital, fines for offences, 
lands of perfons dying without heirs, and a tax on gar- 
dens and date trees. Gold dull by weight is the chief 
medium of payment ; but for convenience they are fur- 
nifhed with fmall papers of gold dull of different va- 
lues, from two xarles or one and a half upwards ; for 
mailer articles corn or flour are ufed as a medium. One 

gram of gold is equal to Gd. fterling. The Fezzan 
giain is the fame as m England. 

The juflice of the fovereign is highly extolled ; fmall 
offences are pumfhed by the baftinado, and the punifh- 
ments increafe to fine, imprifonment, and death. Truft- 
mg to their natural defence, their towns are without 
guard, and they have no Handing forces. The only 
war the fhereef remembered was undertaken again ft k 
people inhabiting the mountains of Tibefti, which is 
jeparated from the people of Fezzan by a wide and 
andy defart. Fhefe people are wild and favage, and 
aa plundered a caravan belonging to the king, who 

fent an army of between 3 and 4coo men againft and 
fubdued them The country of thefe people produces 
much fenna. The vales of Tibefti are fair! to be fertile 
in corn and paflure for cattle, particularly camels. 
1 he people live m huts, and profefs various religions, 
fome the Mahomedan, others are attached to tlnfir an- 
cient idolatry. 

The people of Fezzan carry on a confiderable trade 
with 1 "pol,, Bornou, Nigritia, &c. At the end of- 
October, when the heats are abated, the caravans de- 
part from Mourzouk ,in fmall parties often or twelve 
unlefs in time of war. They lay in provifions.of dates, 
meal, and mutton faked, dried in the fun, and boiled in 
on or tat. I he merchants have agents in the chief 
towns, to whom they fend the Haves they purchafe. ' 

rhe 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. * 1 

T. hat to Bornou carries brafs and copper, for the 
currency of the country, imperial dollars, and various 
m an u fa (ft u res ; but of their own produce only a prepa- 
ration of dates, and meal of Indian corn ; and they take 
in return flaves, gold dull, and civet. 

. ToCalhna, an empire in Nigritia, they carry cow- ries, brafs to make rings and bracelets, horfes, feverai 
kinds of manufadures, and the G00100 nuts ; and in 
return take gold dull, flaves, cotton cloth, dyed go5its 
Ikins, hides, fenna, and civet, for the countries fouth of 
tne Niger, where alfo they convey fabre blades and 
.Dutch knives, coral, brafs beads, looking glaffes, dollars, 

c. and receive bank gold dull, flaves, cotton cloths, 
goat Ikins, Gooroo nuts, cowries, and ivory. 

A caravan of,pilgrims fets out likewife in the autumn 
of 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 
fine with the Mediterranean fea to Cairo, and thence 
to Mecca by’ the cuftomary route. 

As not one celeftial obfervation has been taken to 

Fezzan. 

O O - O ..vM.xjr LWIUWH UU Lius yoxe. 
In Fezzan, the defendants of the prophet are highly As not one celeftial obfervation has been ♦ 
privileged, their property and perfons are inviolable ; determine any latitude between Benin and Trinop" H 
they are exemp from certain pundhments. This clafs the pofitions are fixed by eftimation recknnT, 

ars^^-pSs or raerchants- or fixteen a 
4 N Mourzook, 
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20'. or FIgurate. Mourzouk,-tKe capital of Fezzan, in lat. 270. 

260 miles from Mafurata. •* 
FIGURATE numbers are fuch as do or may re- 

prefent feme geometrical figure, inch as a triangle, 
pentagon, or pyramid, -Sec. Thefe numbers are treated 
of at great length by Maclaurin in his Fluxions ; Sim- 
fon 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 feeu : 

Figurate numbers are diftinguiihed 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 fucceffive fums are 
the terms of the next order, beginning from the fir ft 
order, which is that of equal units 1, 1, x, 1, &c.; then 
the fecond order confifts of the fucceffive fums of thofe 
of the firft order, forming the arithmetical progreffion 
1, 2, 3, 4, &c. ; thofe of the third order are the fuc- 
ceffive fums of thofe of the fecond, and are the triangu- 
lar numbers 1, 3, 6, 10, 15, &c ; thofe of the fourth 
order are the fucceffive fums of thofe of the third, and 
are the pyramidal numbers x, 4, xo, 20, 35, &c. ; and 
fo on, as below : 

Order. Name. 
1. Equals, 
2. Aritbmeticals, 
3. Triangulars, 
4. Pyramidals, 
5. 2d Pyramidals, 
6. 3d Pyramidals, 

Numbers. 
l, 
3’ 4> 

U 3= 
»> 4i 
1, 5 

6, 10, 
10, 20, 

1, &c. 
5, &c. 

15, &c. 
35> &c- 
70, &c. 

7. 4th Pyramidals, I, 

r 
r5> 35» . 

6, 2T, 56, 126, &c. 
7, 28, 84, 2X0, &C. 

The above are all ponfidered as different forts of tri- 
angular numbers, being formed from an arithmetical 
progreffion whofe common difference is 1. But if that 
common difference be 2, the fucceffive 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- 
cal!. 

I, 2, 3, 4 
3> 5> 7 

1, 4, 7, 10 
9» 13 

&c. 

1/? Sums) or 
Polygons. 

Tri. 1, 3, 6, 10 
Sqrs. I, 4, 9, 16 
Pent. I, 5, 12, 22 
Hex. 1, 6, 15, 28 

2d Sums, or 
2d Polygons. 

x, 4, 10, 20 
i, 5> M> 3° 
1, 6, 18, 40 

7’ 22> 50 

3 

c o 

6 
r} ‘t U G ’ ' f: OOO 

Squares* 
9 

000 

10 
0000 
000 

o o 

16 

F I L 
Pentagons. 

5 12 
000 

Figurate, 
Filter. 

Hexagons. 
15 000 

> 000 
00 o 
000 

And the reafon of the names triangles, fquares, pen- 
tagons, hexagons, &c. is, that thofe numbers may be 
placed in the form of thefe regular figures or polygons, 
as here below : 

'Triangles. 

But the figurate numbers of any order may alfo be 
found without computing thofe of the preceding orders; 
which is done by taking the fucceffive products of as 
many of the terms of the avithmeticals 1, 2, 3, 4, 5, &c. 
in their natural order, as there are units in the number 
which denominates the order of figurates required, and 
dividing thofe products always by the firft product. 
Thus the triangular numbers are found by dividing the 
produ&s 1X2, 2X3, 3 X 4, 4 X 5, &c. each by the 
firft produft 1X2; the firft pyramids by dividing the 
produfts 1X2X3, 2X3X4, 3X4X5, &c. by the 
firft 1X2X3. And, in general, the figurate numbers 
of any order «, are found by fubftituting fucceffively 
1, 2, 3, 4, 5, &c. inftead of x in this general expveffion 
w.jc4-i.jc + 2.jc4-3. &c. , r . 
   ; where the ractors in 1 . 2 . 3 . 4 . See. 
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 Encycl.) 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 ufefiul ; 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 co 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 purpofe 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, in 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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or other loam, of the fame quality with Windfor loam ; 

r and four equal parts, out of nine equal parts, of coarfe 
river, fea, drift, or pit fand. Or, in the fourth in- 
ftance, 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 5 right to her patent, far be 
it from us to wifh our readers of any defcription 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 fhe varies her own proportions 
fo much, we think it probable that feme proportion 
differing a little from them all, may anfwer the purpofe 
of filtering veffels equally well; and it is almoft need- 
lefs to add, that with this precaution any potter may 
make fuch veffels, for which he would undoubtedly 
have a great demand. 

A patent has likewife been granted to Mr Jofliua 
Collier of Southwark 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 m 24* Supplement^, we fhall 
give a detailed account. 

Fifli oil is one of the liquids which he had it parti- 
cularly in view to free from all its impurities in fmell, 
tafte, and colour ; and the chemical procefs employed 
by him for this purpoie, confifts in pouring a quantity 
of any fpecies of fifh-oil, or a mixture of different'forts 
of lifh-oil, into any convenient veffel, which is to be 
heated to the temperature of no or 120 degrees of 
hanrenheit’s fcale, and then adding of cauftic mineral 
alkali, of the fpecific gravity commonly deferibed as 
>.25, or of fuch ftrength that a phial containing 1000 
grains of diftilled water will contain 1250 grains of 
thefe lees, a quantity equal to four parts of the 100 by 
weight of the quantity of oil; the mixture is then to 
be agitated, and left to ftand 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 
pofleffing antifeptic properties, in a powdered or di- 
vided (fate, with an addition of a fmall proportion of 
diluted fulphuric acid, fufficient only to decompofe the 
imall quantity of faponaceous matter ftill fufpended in 
the oil, which appears by the oil becoming clear at the 
lurface ; the contents of this veffel are alfo agitated, and 
the coaly faline and aqueous particles left to fubfide ; 
after which the oil is pafled through proper ftrainers, 
herein after deicribed, and is thereby rendered perfect- 
ly tranfparent and fit for ufe. 

The principle of the improved ftrainers, or filtering 
machines, confifts in the means applied to combine hy- 
droflatic preffure, which increafes 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 directions. 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 
rervice, but alfo to all the purpofes of oil-men, of diftil- 
lei s, of the laboratory, the brewery, &c. chambers of 
various capacities muft be provided for the fediment 
and precipitated matter. With refpea to the oil-trade, 
the Ipace required is very great, efpecially for fperma- 
ceti, or Brafil bottoms. In the various purpofes of 
the laboratory, no limits can be fixed, but all dimen- 
fions will be occafionally required : in diftilleries and 
breweries they may be fmaller in proportion ; and in 
that defigned for water and for domeftic ufe, a very 
fmall chamber will be fufficient. When water is to be 
fweetened, or freed from any putrid or noxious par- 
ticles, it paffes, in its way to the filtering chamber, 
through an iron-box, or cylinder, containing charcoal 
finely powdered, or any other antifeptic fubftance info- 
luble in water, the water being forced into it by by- 
drqftatic preffure, through a tube of any iufficient 
height. I his box has two apertures to receive arid de- 
liver the fluid, and thefe are opened and clofed 1 y cocks, 
or ferews, or any other method ufed for fuch purpofes ; 
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 fweet, pure, and equally fit for u(e as at 
fiilt, though the procefs he ever fo often rep^at^d. 

Another part of the invention confifts in filtering' 
machines in the form of ftills, fri whuffi charcoal may 
be icpeatedly burned after any fluid fubftances bare 
palled through it, for the purpofe of freeing them ei- 
ther fiom putrid or noxious particles, or of diicharging 
their colouring matter ; which filtering ftifcs are fo effh- 
tiivtd, that the fluid may pafs through in any quanti- 
ty^ without displacing the charcoal : the part of the 
fluid remaining interfperfed among the charcoal, ffitty 
be driven over by heat, and be employed for manv in- 
ferior purpofes of the arts or manufi&ures,, | Laftly, 
the heat may be raffed fo as to purify! the charcoal, as 
has been before deferibed in the machines for. water, 
d he flue of thole fliils is fo conftru£ted that waterway 
be employed to cool thpm without the lofs of time re- 
quire for their gradually parting with their heaf to 
the furrounding atmofphere, fo as to ice fit for a fubfe- 
quent operation. 

But it was not merely to the! purifying of oils and 
various liquids that Mr Collier turned Ms attention. 
To his filtering apparatus are attached inftruments for 
afeertaming the comparative qualities of oils, which de- 
pend" in part on the principle of their Ipecifie gravities ; 
fpermaceti oil, contrafted with other fiffi oils, being as 
875 to 920. For this purpofe, a glafs veffel of any 
convenient fliape is made ufe of, furniffied with a 
bubble alfo of glafs, and a thermometer. If the oil is 
puie, this bubble finks, when the mercury rifes to a 
certain ftandard, by the application of the hand, or 
any other heat to the vefiel containing the oil. If the 
fpermaceti oil is impure, the bubble will ftill float, 
though it is of the temperature required ; and the de- 
gree of impure, or foreign matter, will be (hewn by the 
ftate of the thet-mometef at which the bubble finks. 
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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 
veffel; into this a thermometer is immerfed, and a frngle 
drop of the oil, under experiment, fullered to fall on 
the outfide of the veffel, 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 Ihort defcription of this apparatus will make its 
principles plain to every reader. A (fig. i.) is the 
ciftern into which the water or other liquor to be fil- 
tered is put. B B is a tube opening into the bottom 
of the ciftern 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 chamber and receiving the filtered liquor. E, The 
fpout by which it runs off into a pitcher or other veffel. 
F, Another fpout furnilhed with a cock to draw off the 
foul water from the chamber when necelfary. 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 riling above the level of the 
water in the ciftern, is there doled, 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 Hiding 
down to cover the water from dull, and fufpended at 
pleafure by means of KK, two fprings on each tube 
for that purpofe. EMNO, A cylindrical box contain- 
ing charcoal, which is connefted wuth 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 
defcribed. RR, Collars which may be unfcrewed at 
pleafure, fo as to detach the charcoal apparatus when- 
ever the charcoal requires to be purified by heat. SS, 
Two cocks to direft the fluid through the charcoal cy- 
linder, or immediately into the filtering chamber. 

Fig. 2. A, A tub or ciftern containing the oil to be 
filtered, and fupplying a tube of fufficient height for 
the hydroftatic preffure to operate. BB, A main tube 
of wood, tin, leather, or cloth, to which any number of 
bags, of the fize and flrape of corn lacks, or any’ CC, 
convenient fize or fliape may be connedted. Thefe are 
bound to DDD, ftraight double iron bars, furniftied 
with a hinge at one end and a fcrew 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. 

^‘g- 3* A funnel caflc or ciftern, into which the 
fluid is put which paftes down. B, A tube fitted into 
the fame, through which it enters. C, An iron ftill, 
or ftill of any other fubftance capable of fuftaining heat, 
full of finely powdered and lifted charcoal, through 

2 ] FIR 
the head of which the fluid paffes into any receiver. 
I), A fire-place of any conffrudtion 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 Encycl. and Caloric and 

Combustion, CHEMisrur-Index in this Suppl. 
Extinction of Fire is fometimes a matter of fo much 

confequence, 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 extinguilhing fire, invented by M. Von 
Aken. 

Burnt alum - pounds 30 
Green vitriol powdered _ _ _ 
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 extinguifhed 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 commiffioned 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 extinguifhed the materials in 
combuffion 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 combuftible matter, which prevented the accefs of 
the air, and confequently the renewal of the deltruCtive 
procefs. 

This recipe, Mr Nicholfon informs us, is taken from 
N° 85. of Giornale 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- 
mifts, even though in the firft applications they may 
prove lefs advantageous than their inventors may be 
difpofed to think. It is fcarcely probable that this 
praftice 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 ftore of the materials would be kept in readi- 
nefs ; fince at this rate the . expenditure for an hour 
would demand a provifion to the amount of L. 210 
fterling. 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 conlidered that 
common fait or alum, or fuch faline matter as can be 
had and mixed with the water, together with clay, 
chalk, or lime, ochreous earth or common mud, or even 
thefe laft without any fait, may anfwer the purpofe of 

the 

Fire. 
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Fire, the lute with more or lefs efFeft, and txtinguiTn an ac- 
-v—* cidental fire with much greater fpeed and certainty than 

clear water would do. 
FiRE-Balls are meteors, of which fome account has 

been given in the Encyclopedia) as well as of various 
hypothefes which have been framed vefpecting their na- 
ture and their origin. Since that article was publilhed, 
a new and vety fingular hypothefis has been framed by 
Profeifor Chladni of Wittenberg, who maintains it by 
arguments, which, however fanciful, are yet worthy of 

* Phil.Mag. the reader’s notice *. 
Nos sand 7 • He fuppofes that fire-balls, inftead of being collec- 

tions of the electrical fluid floating in the higheit re- 
gions of our atmofphere, are mafles of very derife mat- 
ter formed in far diftant parts of fpace, and fubje&ed 
to fimilar laws with the planets and comets. He en- 
deavours to prove that their component parts muit be 
denfe and heavy ; becaufe their courfe ihews, in fo ap- 
parent a manner, the effedts of gravity ; and becaufe 
their mafs, though it dillends to a monftrous fize, re- 
tains fufficient confiftency and weight to continue an 
exceedingly rapicl\movement through a very large fpace, 
without being decompofcd or diflblved, notwithfland- 
ing the refiftance of the atmofphere. It feems to him 
probable, that this fubftance is by the effect 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 burfts, as well as the hurffing 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 colledfed from particles to be found in our atmo- 
fphere, or can be thrown together into large maffes 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 projedfile force in a diredlion 
almoft parallel to the horizon ; that the matter does 
not rife upwards from the earth, but exifts previoufly 

Jn the celeftial 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 refpedl, and 
which befides feems to be confirmed by various mafles 
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 confift 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 maffes, without being in immediate 
connexion with the larger planetary bodies difperfed 
throughout infinite fpace ; and which, being impelled 
<mher by fome projedfing power or attradfion, continue 
to move until they approach the earth or fome other 
body, when, being overcome by its attradlive force, 

^ they immediately fall down. By their exceedingly 
great velocity, ftill increafed by the attradfion of the 
earth and the violent fridlion in the atmofphere, a ftrong 
eledfricity and heat muff 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 monftrous fize, till, by a ftill farther ex- 

panfion of thefe elaftic fluids, it muft at length burft. Fire. 
Dr Chladni thinks alfo, that the greater part of the 

Jhooting Jiars, 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 diftance, fo that they are not fo 
ftrongly attracted by it as to fall down ; and therefore, 
in their paffage through the high regions of the atmo- 
iphere, occafion only a trailfient eledtric flafh, or adtual- 
ly take fire for a moment, and are again fpeedily extin- 
guiftied, when they get to fuch a diftance from the earth 
that the air becomes too much rarefied for the exift- 
ence of fire. 

The grounds on which Dr Chladni fupports this opi- 
nion are various relations, well authenticated, of the mo- 
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 Pan, of a remarkable fiery meteor feen in 
Oafcony on the 24th of July 1790. On the evening 
of that day M. Baudin was in the court of the caftle 
of Marmes with a friend, the atmofphere being perfedf- 
ly clear, when they fuddenly found themfelves furround- 
ed by a whitifli light, which obfcured that of the full 
moon, then fhining with great luftre. On looking up- 
wards, they obferved, almoft 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 almoft 
as red as blood. The diredlion of this meteor was 
from fouth to north. 

“ Scarcely (fays M. Baudin) had we looked at it 
for two feconds when it divided itlelf into feveral por- 
tions of confiderable fize, which we faw fall in different 
diredlions, and almoft with the fame appearance as the 
burfting of a bomb. All thefe different fragments be- 
came extinguiftied in the air ; and fome of them, in 
falling, affumed 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 affumed the fame colour ; but 
I remarked only thofe which proceeded in a diredlion 
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 feveral large pieces of ordnance had been 
fired off together. L he concuffion of the atmofphere 
by this fhock was fo great, that we all thought an 
earthquake had taken place. The windows (hook in 
their frames, and fome of them, which probably were 
laid to and not clofely flmt, were thrown open. We 
were informed next day, that in fome of the houfes at 
Houga, a finall town about half a mile diftant from 
Mormes, the kitchen utenlils were thrown from the 
ftielves; 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 effedls were produced merely by the violent 
concuffion of the atmofphere. 

“ We proceeded into the garden while the noife ftill 
continued, and appeared to be in a perpendicular di- 
region 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 didance of 
15 iniles. It continued about four minutes, becoming 
gradually more remote, and always weaker ; and at the 
tame time we perceived a drong fmell oi lulphur. 

“ While we were endeavouring to point out to fome 
pcrfons prefent the place where the meteor had divided 
jtfelf, we obferved a fmall whitiih cloud, which arofe 
perhaps from the vapour of it, and which concealed 
from us. the three dars of the Great Bear, lying in the 
middle of thofe forming the femicircle. With fome 
.difficulty, however, we could at lad didlnguiffi thefe 
dars again behind the thin cloud. There arofe, at the 
fame time, a freffi gentle breeze. 

“ From the time that tlapfed between the bur.ding 
of the ball and the explofioa which followed, I was in- 
.dined 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- 
ieifture was foon confirmed by an account which we re* 
-ceived, that a great many Hones had fallen from the 
.atniofphere 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-novth- 

■weft.” 
■ M. de Carrits Barbotan, the friend who was with 

.the Profelfor 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 diftance 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. Baudin 
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 greyiffi colour in the inlide, and inter- 
fperfed with a number of fmall diming metallic par- 
ticles. On driking it with a piece of deel, it produced 
3 few fmall dark red fparks, not very lively. A mine- 
ralogid, 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 wrere 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 direddion j not 

one of them ever proceeded upwards. All of them 
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 
fpace, fometimes over feveral diftridls, with an explofion 
which fhook every thing around. In every indance 
where there has been an opportunity of obferving the 
fragments that fell after they burd, and which fome- 
times have funk to the depth of feveral feet into the 
e?irth, they were found to confid of fcorious maffes, 
which contained iron in a metallic or calcined Hate, 
pure, or elfe mixed with different kinds of earth and 
fulphur. All the ancient and modern accounts, writ- 
ten partly by naturalids and partly by others, are fo 
effentiaiiy 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 
fiftion, and gives to the related fails, 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 Chladni confiders as having been undoubted- 
ly a fire-ball, or the fragment of a fire-ball. This pro- 
blematical mafs was found between Krafnojarlk and A- 
bekanfk in the high flate mountains, quite •pen and 
uncovered. It weighed 1600 pounds; had a very ir- 
regular and fomewhat 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 ffiews, 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 
fore A, 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 flight 
confirmation of his opinion, which he farther fupports 
by the following reafonings : 

“ 1. As fire-balls confid of denfe and heavy fubdances, 
which, by their exceedingly quick movement, and the 
friftion thence excited by the atmolphere, 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), poffelfes 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 he very confiderable, fince, with the great- 
"'■v  eft poffible diftentiort, they retain confiftence enough to 

proceed with the utmoft velocity through fuch an im- 
menfe fpace without decompofition of their mafs, and 
without their progrefs being obltrufted by the reiift- 
ance of the air, agree perfectly well with melted iron; 
their dazzling v\hite light, has by many obfervers been 
compared to that of melted iron ; iron alfo exhibits the 
fame appearances of flaming, frnoking, arid throwing 
out fparks, and all thefe phenomena are moft beautiful 
when they take place in vital air. Of the extenfion 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 mafles which 
have been found, and in the globular depreflions of the 
exterior hard cruft ; the latter of which gives us reafon 
to fuppofe, that in thefe places there have befen air- 
bubbles, which, on cooling, funk down. The mixture 
of fulphur found in various mafles, agrees alfo 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 known that fulphur in an air- 
pump will take fire in air in which few other bodies 
could do the fame. In regard to thofe mafles 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 itrong 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 wdiich fragments of this mafs, as well as of another 
found at Aix-la-Chapelle, could be roafted. 

“ 2. The whole texture of the mafles betrayed evident 
figns of fufion. This, however, cannot have been oc- 
cafloned by any common, natural, or artificial fire; and 
particularly for this reafon, becaufe iron fo malleable is 
not fufible in fuch fire, and when it is fufed with the 
addition of inflammable matters, lofes its malleability, 
and becomes like common raw iron. The vitrified fub- 
ilance in the Siberian mafs is equally incapable of be- 
ing fufed in a common fire. The fire, then, muft have 
been much ftronger than that produced by the com- 
mon, natural, and artificial means ; or the fufion muft 
have been effefted by the force of exceedingly ftrong 
electricity ; or perhaps both caufes may have been com- 
bined together. 

“ 3- It is totally incomprehenfible how, 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 collefted 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 circumftance fnews that thefe 
maffes could as little have been fufed by lightning as 
by the burning of a foreft or of foffile coal. Thefe 
maflfes were 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 eftetts of light- 
ning. 

“ Should it be aflted liow fuch mafies originated, or 
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by what means they were brought into fuch an infu- Fire* 
lated pofition ? this queftion would be the fame as if it 
were afked bow the planets originated. Whatever by- 
pothefes we may form, we muft either admit that the 
planets, if we except the many revolution's 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, afting on created 
matter, pofTefles 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 arc exhibited by all orga- 
nifed and unorganifed bodies on our earth; which gives 
us reaion to fufpeft that Nature, to which greatnefs and 
fmallnefs, confidered in general, are merely relative terms, 
can produce more effefts of the fame kind on a larger 
fcale. But many variations have been obferved on dif- 
tant bodies, which, in feme meal tire, render the laft 
opinion probable. For example, the appearing and to- 
tal dilappearing of certain liars, 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 mafles 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 ttueft, 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 direction, may not have 
united themftlves to the larger accumulating mafs of a 
new world ; but have remained infulated, and, impelled 
by fome fliock, 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 attraction, and 
then by falling down to occafion the phenomena before 
mentioned.” 

WhetherChladni be a philofopher of the French fchooi 
we know not; but fome parts of his theory tend ftrong- 
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 
fubftitutes Nature for Nature’s God, or utters jargon 
which has no meaning. In what fenfe the word Nature 
is ufed by every philofopher of a found mind, we have 
elfewhere been at fome pains to fliew (fee River, n° it 6. 
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, vve beg leave 
to affirm, that it is directly contrary to every notion.- 

which 
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which we can form of Nature in this jfenfei <( to fuppofe 
that a large quantity of material particles, either on ac- 
count of the dtflance, or becaufe prevented by a Jlronger 
movement in another dire&ion, have not united them- 
felves to the larger accumulating mafs of a new world, 
but remained infulated, and impelled by fome fhock, 
have continued their courfe through infinite fpace, &c.” 
Is there any diftance 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 firft difperfed through infinite 
fpace, and afterwards united by the potver of attrac- 
tion, he revives the queftion which was long ago dif- 
cufled between Newtoa and Bentley, and diicuffed in 
fuch a manner as Ihould have filenced for ever the bab- 
blings of thofe who form worlds by attraction. 

“ The hypothefis (fays Newton) of matter’s being 
at firlt 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 impofiible 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 fuch mull 
be his meaning, if he has any meaning : for matter un- 
evenly difperfed mull, by an innate attraction, be united 
as foon as it exifts, 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 fyllem produced but by a voluntary 
and meaning agent; and therefore, if it be true that 
fire-balls are mafles of denfe matter, coeval with the pla- 
netary fyllem, exilling in the celeftial regions, and 
thence conveyed to our earth, they mult have been 
formed, and their motions imprefled upon them, by the 
Author of Nature for fome wife purpofe, though by 
us that purpofe may never be difcovered. One thing 
feems pretty clear, that wherever they may be formed, 
the phenomena attending their burfting, account fuffici- 
ently for the notions of thunderbolts which have been 
generally entertained in all ages, and in every country. 

Greek-FiRR (fee IVild-FiRS, EncycLJ. In the fecond 
volume of Mr Nicholfon’s Philofopnical Journal, we 
have the following receipt for making this compofition, 
taken from fome manufcripts of Leonard de Vinci, who 
flourilhed in the end of the fifteenth and beginning of 
the fixteenth centuries, and who appears to have advan- 
ced far before his. contemporaries in phyfical fcience. 
Take the charcoal of willow, nitre, brandy, refin, 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. Thefe balls, being fet on fire, are 
thrown' into the enemy’s veflels. It is called the Greek 
hre, and is a fingular compofition, for it burns even up- 
on the water. Callinicus the architedl taught this com- 
pofition to the Romans* (of Conllantinople), who de- 
rived great advantage from it, particularly under the 

emperor Leo, when the Orientals attacked Conftanti* Fir?, 
nople. A great number of their veflels were burned lifting, 
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 Laptilla 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 difcoveries in 
chemillry have difclofed the fecret, by fhewing, that 
the combuftion is carried on by means of the oxygen 
contained in the nitre. 

Rafant or Razant Fire, is a fire from the artillery 
and fmall arms, diredted 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 lire on account of a vi£lory; in which cafe each fqua- 
dron or battalion takes the fire from that on its right, 
from the right of the firll line to the left, and from the 
left to the right of the fecond line, &c. 

FISHING, the art of catching filh. See Angling, 
Fishery, and Fishing, &c. 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, w'hich 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, law 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. Oh each boat or 
raft are ten or a dozen birds, which, at a fignal from 
the owner, plunge into the water; and it is aitonifhing 
to fee the enormous fize of fifli 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 mafter was pleafed 
to return to them for encouragement and food. The 
boat ufed by thefe fifhermen is of a remarkable light 
make, and is often carried to the lake, together with 
the fifhing 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 fingular 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. On moonlight nights the 
boat is fo placed that the painted board is turned to 
the moon, from whence the rays of light linking 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 filh into the boat. 

Water-fowl are much fought after by the Chinefe 
and 
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and are taken upon the fame lake by the following in- fhould each time be injetted through th 
genious device. Empty jars or gourds are fuffertd to ^ ' 
float about upon the water, that fuch objefts may be- 
come familiar to the birds. The fiflrerman then wades 
into the lake with one of thofe empty vefiels 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, 
feyeral of whom he treats in the fame manner, until he 
fills the bag he had brought to hold his prey. The 
contrivance itfelf is not fo Angular, as it is that the fame 
exactly ftiould have occurred in the new continent, as 
Uiloa afferts, to the natives of Carthagena, upon the 
lake Cienega de Telias. 

FISTULA 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 
different from that moft commonly 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 m the nafal duel 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 infpilfated 
mucus m the cavity of the tube. To remedy this de- 
fed, he recommends the following operation. 

“ It the difeafe has not occafioned an aperture in the 
lachrymal lac, or if this aperture be not fituated in a 
right line with the longitudinal diredion of the nafal 
dud, a pundure fhould he made into the fac, at a fmall 
diftance from the internal jundure of the palpebne, and 
nearly in a line drawn horizontally from this jundure 
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, Ihould 
then be introduced through the wound, and gently, 
but fteadily, puflied on in the diredion of the nafal 
dud, 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. 

I he polition of the probe, when thus introduced, wall 
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 fkin 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 
flze nearly fimilar to that of the probe, but rather fmal- 
ler, about an inch and three-eighths in length, with a 
fiat head, like tltet of a nail, but placed obliquely, that 
it may fit clofe on the Ikin, is to be introduced through 
the dud, in place of the probe, and to be left conftant- 
!y in it. For the firft day or two after the ftyle has 
been introduced, it is fometimes advifable to walh 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 Ihould be with- 
drawn once every day for about a week, and after- 
wards every fecond or third day. Some warm water 
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j - 0 dud into the 
nofe, and the inft.rument be afterwards replaced in the , 
lame manner as before. Mr Ware formerly ufed to 
cover the head of the ftyle with a piece of diachylon 
plafter fprtad on black filk, but bas of late obviated 
the neceiiity for applying any plafter by blackening 
the head of the ftyle with fealing wax. 

“ I he effeft (lays he) produced by the fty le, when 
introduced in the way above mentioned, at firft gave 
me much furpnfe. It was employed with a v.-ew fimi- 
lar to that with which Mr Pott recommends the fntro- 
dudfion of a bougie ; viz. to open and dilate the nafal 
dudt, and thus to eftabbfti a paflage, through which the 
tears might afterwards be conveyed from the eye to the 
nofe. I expedted, however, that whilft the ftyle con. 
tinned in the dudt the obftrudlion would remain, and of 
coui fe that the watering of the eye, and the weaknefs 
of the fight, would prove as troublefome as they had 
been before the inftrument was introduced. 1 did not 
imagine that any effential benefit could refult from the 
operation until the ftyle was removed, and the paflage 
thereby opened. It was an agreeable difappointment 
to me to find that the amendment was much more ex- 
peditious. The watering of the eyre almoft wholly 
ceafed as loon as the ftyle was introduced ; and in pro- 
portion as the patient amended in this refpeCt, his fight 
alfo became more ftrong and ufeful. The ftyle, theie- 
foie, Items to a<ft in a twofold capacity : firft, it di- 
lates the obftrudted palkige ; and then, 'by an attrac- 
tion feme what fimilar to that of a capillary tube, it 
guides the tears through the duft into the nofev 

“ The wound that I ufually make into the fac, if 
the fupperative proctfs 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 puffed without occafionmg the fmalleft: 
degree of pain. The accumulation of matter in the la- 
chrymal fac, which, previous to the operation, is often 
copious, utually abates foon after the operation lias 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 lome friend or fervant who is conftantlyr with 
him, is fully competent to do the whole that is necef- 
fary. It confifts folely in withdrawing the ftyle two or 
three times in the week, occafionally inje&ing fome 
warm water, and then replacing the iriftrument in the 
fame way' in which it was done before. 

■“ not caly to afeertain the exaft length of time 
that the ftyle fnould be continued in the duel. 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 imalleft return of the obftruftion afterwards.” 

The author relates fo many fuccefsful cafes of thi$ 
operation, that we thought it our duty to record his 
method in this Supplementary volume of our general 
repofitory of arts and fciences; for a fuccefsful praaice, 
as well in forgery as in phyfic, muft reft on the bafis of 
experience. 

Oblique or Second FLANK, or Funk of the 
Curtain, is that part of the curtain from whence the 
face of the oppofite baftion can be feen, being contain- 
ed between the lines rafant and fichant, or the greater 
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and lefs lines of defence ; or the part of the curtain be- 
tween the flank and the point where the llchant line of 
defence terminates. 

Covered, Low, or Retired Fljkk, 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 diredtly on the face of the oppofite baflion. 

Rafani or Razant Flank, is the point from whence 
the line of defence begins, from the conjun&ion 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 compafs 
on which the thirty-two points of the wind are drawn, 
and over which the needle is placed, and faftened under- 
neath. 

FLOATING Bodies are fuch as fwim on the fur- 
face of a fluid, of which the moft important are fhips, 
and all kinds of veffels employed in war and in com- 
merce. Every feaman knows of how much confequence 
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 fcience by George Atwood, Efq; 
F. R. S. in the Philofophical Tranfadtions for the year 
1796, that we are perfuaded a large clafs of our readers 
will thank us for inferting an abftradi of his memoir in 
this place. 

A floating body is prefled downwards by its own 
weight in a vertical line that paffes through its centre 
of gravity ; and it is fuitained by the upward preflure 
of a fluid, adling in a vertical line that paffes 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 fpecific gravity of the 
floating body mull be known ; and then it mull 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 furface of the 
fluid. When thefe preliminaries are fettled, fomething 
ftill remains to be done. Pofitions may be affumed 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 
fpecific 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 force, 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 
iullained it is removed, it will decline from its upright 
pofition, and will permanently float wuth its axis hori- 
zontal. If the axis be fuppofed to be half of the dia* 
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meter of the bafe, and be placed vertically, the folid Floating,- 
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 centre of gravity of the folid and that of the part 
immerfed fliall 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 (olid, 
though the two centres of gravity already mentioned 
are in the fame vertical line, fpontaneoufly overfets, uu- 
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 itffelf when inclined, or to incline 
itfelf farther. 

If a £olid body floats permanentlyr 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 (lability of floating. Among various float- 
ing bodies, fome lofe their quiefcent pofition, and fome 
gain it, after it has been interrupted, with greater fa- 
cility and force than others. 

Some (hips at fea (e. g.) 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 conftrudlion of veffels, feveral eminent ma- 
thematicians have inveftigated rules for determining 
the (lability of (hips from their known dimenfions and 
weight, without recurring to adlual trial. To this 
clafs wTe 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 quiefcent pofitions are evanefcent, or, 
in a practical fenfe, very fmall. 

“ But (hips at fea (fays our ingenious author) are 
known to heel through angles of ig°, 20°, or even 
30° ; and therefore a doubt mayr arife how far the rules, 
demonftrated on the exprefs condition that the angles 
of inclination are of evanefcent magnitude, (hould be 
admitted as pradticalK applicable in cafes where the 
inclinations are fo great.”—“ If we admit that the 
theory of llatics can be applied with any effedl to the 
practice of naval architecture, it feems to be neceffary 
that the rules, inveftigated for determining the (lability 
of veffels, fnould be extended to thofe cafes in which 
the angles of inclination are of any magnitude likely to 
occur in the pradlice 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 preffure 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 direftion 
parallel to the horizon, and the motion of the folid re- 
fpefts one axis only, this axis muft 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- 
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Floating, tcrmined, and ibw fpecific gravity of the folid is known, 

“ the pofitions of permanent floating will be obtained, 
firft by 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 unitable ” 

.Such as we have now briefly flated are the general 
principles on which are founded Mr Atwood’s invef- 
tigations for determining the pofitions aflumed by ho- 
mogeneous bodies, floating on a fluid furface ; and al- 
fo tor determining the liability of (hips and of other 
floating bodies. We cannot farther accompany him 
in his elucidation of them, in the problems to the folu- 
tion of which they lead, and in the important practi- 
cal purpofes of naval architedlure to which they are re- 
ferred. The whole paper, comprehending no lefs than 
85 pages, is curious and valuable; it abounds with a- 
nalytical and geometrical dituuilitions of the molt ela- 
borate kind ; and it ferves to enlarge our acquaintance 
with a fubjeft that is not only highly interelling to the 
fpeculative mathematician, but extremely ufeful in its 
practical application. 

With this latter view', the author feems to have di- 
ledted his attention to the various objects 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 law's^ of mechanics, and 
they contribute to extend and improve this theory. 
The union of thofe principles that are deduced from 
the law's of motion, with the knowledge which is de- 
rived from obfervation and experience, cannot fail to 
eltablilh the art of conftrufting veffels on its true balls, 
and gradually to lead to farther improvements of the 
greatell importance and utility. To this purpofe, the 
author obferves, that 

“ If the proportions and dimenflons adopted in the 
conftrudtion of individual veflels are obtained by exadt 
geometrical menfurations, and calculations founded on 
them, and obfervations are made on the performance of 
thefe veflels 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 fyftem thofe intricate, fub- 
til, and hitherto unperceived caufes, which contribute 
to impart the greateil degree of excellence to veflels of 
every fpecies and defeription. Since naval architedture 
is reckoned amongil 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 
conllruCting veflels : but inferences of this kind, con- 
fiftently with the preceding remark, cannot well be ob- 
tained, except by acquiring a perfedi knowledge of all 
the proportions and dimenfions of each part of the 
fhip ; and fecondly, by making and recording fufficient- 
ly numerous obfervations on the qualities of the veflel, 
in all the varieties of lituation to which a Ihip is ufual- 
ly liable in the pradtice of navigation.” 

In the valuable mifcellany entitled the Philofophical 
Magazine, there is a paper on this fubjedl by Mr John 
George Englifh, teacher of mathematics and mechani- 
cal philofophy ; which,,as it is not long, and is eafily 
underftood, we fhall take the liberty to tranferibe. 
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“ However operofe and difficult the calculations ne- Float! 

ceflary to determine the ftability of nautical veflela may, 
in fume cafes, be, yet they all depend, fays this author, 
upon the four following Ample and obvious theorems, 
accompanied with other well-known ftereometrical and 
ftatical principles. 

“ Theorem 1. Every floating 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 diredtion 
of a vertical line palling through the centre of gravity 
of the whole; and is impelled upward by the re action 
of the fluid which fupports it, adting in the diredtiou 
of a vertical line paffirtg through the centre of gravity 
of the part immerfed : therefore, unlefs thefe two lines 
are coincident, the floating body thus impelled rnuft 
revolve round an axis, either in motion or at reft, until 
the equilibrium is reflored. 

“ Theorem 3. If by any power whatever a vefiel be 
defledted from an upright pofition, the perpendicular 
diftance between two vertical lines paffing through the 
centres of gravity of the whole, and of the part immer-' 
fed refpedtively, will he as the ftability 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 veftel. 

Theorem I he common centre of gravity of any 
fyftem of bodies being given in pofition, if any one of 
thefe bodies he moved from one part of the fyftem to 
another, the correfponding motion of the common 
centre of gravity, eftimated in any given diredtion, will 
be to that of the aforefaid body, eftimated in the fame 
diredtion, as the weight of the body moved is to that 
of the whole fyftem. 

Fiom whence it is evident, that in order to afeer- 
tain the ftability of any vefiel, the pofition of the 
centres of gravity of the whole, and of the part im- 
merfed, muit be determined ; with which, and the di- 
menfions of the veflel, the line of floatation, and angle' 
oi defledtion, the ftability or power either to right it- 
felf or overturn, may be found. 

In ftups of war and merchandife, the calculations 
neceflary for this purpofe become unavoidably very o- 
peiofe and troublefome ; but they may be much faciii-" 
tated by the experimental method pointed out in the 
New Tranfadtions of the hwedifi Academy of Scien- 
ces, fir ft quarter of the year 1787, page 48. 

In river and canal boats, thy regularity and fim- 
pheity of the form of the veflel itfelf, together with the 
compact difpolition and homogeneal quality of the 
bin den, render that method for them unneceffary, and' 
make the requihte calculations become very eaiy. Vel- 
fels of this kind are generally of the lame tranfverfe 
fedtion throughout their whole length, except a fmall 
part in prow and ftern, formed by fegments of circles 
or other Ample curves; therefore'a length may eafily 
be affigned fuch, that any of the tranfverfe fedions be- 
ing multiplied thereby, the produd will be equal to 
the whole folidity of the veffel. The form of the 
fection ABCD is for the moft part either rectan- 
gular, as in fig. i. trapezoidal as in fig. 2. or mix- 
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Floating, 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 veflel be loaded quite up to the line AB, 
and the (pecific gravity of the boat and burden be the 
fame, then the point G is Amply the centre of gravity 
of the fedion ABCD ; but if not, the centres of gra- 
vity of the boat and burden muft 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. Fhe 
point R is ahvays the centre of gravity of the fe&ion 
MMCD, which, if confining of different figures, muft 
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, MXF, 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 EF, draw R F 
~ a fourth proportional to the whole area MMCD, 
either triangle MXE or MXF, and the diftance nn ; 
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 (lability 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 fedlion MMCD multiplied by the length of the 
veffel), and P to reprefent the required weight applied 
at the gunwale B to fuftain the veffel at the given 
angle of inclination ; we fliall always have this propor- 
tion : as VS : SW : : W : P; which proportion is ge- 
neral, whether SW be pofitive or negative; it muft 
only, in the latter cafe, be fuppofed to a£l upward to 
prevent an overturn. 

“ In the re&angular veffel, of given weight arid 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, 
fince the two feTions MMCD, EFDC are equal, the 
two triangles MMK, EFK are alfo equal ; and there- 
fore the reftangle EK X KF = KM X KM = KM1"1 
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 fliall have the following pro- 
portions : 

“ As the mean proportional thus found : fine Z_ E : : 
KM : KF, and as the faid mean proportional: fine 
AF : : KM : KE; therefore ME, ME become known : 
from whence the area of either triangle MXE or MXF, 
the diftance n n, and all the other requifites, may be 
found. 

“ 1° tbe mixtilineal fedlion, let AB = 9 feet =r roS 
inches, the whole depth — 6 feet rr 72 inches, and 
the altitude of MM the line of floatation 4 feet or 48 
inches j. alfo let the. two curvelinear parts be circular 

quadrants of two feet, or 24 inches radius each. Then Floating, 
the area of the two quadrants =. pc^’ySoB fquare ,~"""'v---« 
inches, and the diftance of their centres of gravity from 
the bottom == 13-8177 inches very nearly; alfo the 
area of the included redlangle able = 1440 fquare 
inches, and the altitude of its centre of gravity 12 
inches ; in like manner, the area of the reftangle AB 
c d will be found — 5184 fquare inches, and the alti- 
tude of its centre of gravity 48 inches: therefore we 
{hall have 

Momentum of? r „ 
the t«-o quad. \ = ?°47Sc8 
Moment, of the? 
redtan ^ b i e 5 I440 

Moment, of the ? „ 
rectan. AB c 1/ 3 ^ 51 4 

X 13-8177 = 12501-5)8966016 

X 12 = 17280* 

X 43 =248832- 

75287808 2786i3-9<8£c6oi6 

“ Now the fum of the momenta, divided by the futn 
2786(2-98966016 

ot the areas, will tnve  —o-!!  — 37’OCO * 0 7528-7808 D1 

inches, the altitude of G, the centte of gravity of the 
fedlion ABCD above the bottom. In like manner, 
the altitude of R, the centre of gravity of the fedlion 

, 123093-98966016 
MMCD, will be found to be equal  -g~g-— 

r= 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 = 54 inches : 14.469 inches ~ ME or 
MF ; and confequently the area of either triangle MXE 
or MXF = 390-663 fquare inches. Therefore, by 
theorem 4th, as 4936*7808 : 390-663 : : 72 = = 
■| AB : 5*6975 inches = RT ; and, again, as radius : 
fine of 150 : : 12.072 = GR : 3*i 245 inches = RN ; 
confequently RT—RN = 5.6975—3*1245 =. 2*573 
inches = SW, the {lability required. 

“ Moreover, as the fine of 15° : radius : : 5*6975 = 
RT : 22-013 = RS, to which, if we add 24-934, the 
altitude of the point R, we fliall 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 = 54 inches, the diftance BS is found 
= 59-529 inches very nearly, and the angle SBV = 
8o°—06'—42" ; from whence SV = 58-645 inches. 

Again : Let us fuppofe the mean length of the vef- 
fel to be 40 feet, or 480 inches, and we {hall have the 
weight of the whole veffel equal to the area of the flec- 
tion MMCD = 4936.7808 multiplied by 480 = 
2369654*784 cubic inches of water, which weighs ex- 
adlly 85708 pounds avoirdupois, allowing the cubic 
foot to weigh 62.5 pounds. 

“ 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 t ton, 
13 cwts. 64 lbs. to make her incline 15°. 

“ In this example, the deflecting power has been fup- 
pofed to aft 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 neceflary to be applied at the proje&ed point, will be 

il that part of the wind’s force which caufes the veffel to 
W^IH^heel. And converfely, if the weight and dimenfions 

of the veffel, the area and altitude of the fails, the di- 
region and velocity of the wind be given, the angle of 
deflexion may be found.” 

FLUENT, or Flowing Quantity, in the doc- 
trine of fluxions, is the variable cpiantity which is con- 
fidered as increafing and decreafing ; or the fluent of 
a given fluxion, is that quantity whofe fluxion being 
taken, according to the rules of that doftrine, {hall be 
the fame with the given fluxion. See Fluxions, En~ 
cycl. 

FLUIDS (Motion in). See Hydrostatics and 
Resistance of Fluids, Encych and Motion in this 
Supplement. 

FOGEDAR, the military governor of a fubordinate 
diilriit in India, who has fometimes the additional of- 
fice of cclledling the revenues. 

FOLIATE, a name given by fame to a curve of 
the 2d order, exprefled by the equation xzy* = axy, 
being one fpecies of defedlive hyperbolas, with one a- 
fymptote, and confiding of two infinite legs crofiing 
each other, forming a fort of leaf. It is the 43d fpe- 
cies of Newton’s Lines of the 3d Order. 

FORCER, in mechanics, is properly a pidon with- 
out a valve. For, by drawing up fuch a pidon, the 
air is drav/n up, and the water follows ; then pufhing 
the pidon 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- 
fteemed, and held, more than once, the office of chief 
magidrate in his native city ; and his mother was a wo- 
man of good fenfe, amiable temper, and exemplary pie- 
ty. This refpe&able pair had the lingular felicity of 
tranfmitting fuperfor talents to almod every individual 
of a numerous family ; of one of which, viz. David For- 
dyce, the reader will find fume account in the Encyclo- 
pedia. 

The fubjeft of this memoir, who was their fourth 
fon, acquired, as well as his brother, the rudiments of 
claffical learning at the grammer fchool of Aberdeen, 
whence he was removed to the Marifchal college and u- 
niverfity in the fame city. Having completed a regu- 
lar courfe of dudy both in philofophy and theologyr, 
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 fecund minider 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 prepofTefled in favour of ano- 
ther minider whom they knewq. and prejudiced againd 
Mr Fordyce whom they did not know ; fo narrow 
minded and totally deditute of tade 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 Fordyee* 
conciliate the affedlions of a four fanatic. In this ex-1,1 v 1 

peftation he was not deceived. The prejudices of the 
good people in Alloa were very quickly removed, not 
more by the able and impreffive 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- 
techifing in the different diflridts of his parifh ; duties 
which, as they were wont to be performed by the 
Scotch clergy, contributed much more than preaching 
to the religious inftrudion of the lower claffes of the 
people. 

It was during his refidence at Alloa that Mr Fordyce 
firfl diilinguifhed himfelf as an author by the fucceffive 
publication of the three following fermons. The firfl, 
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 public 
inftitutions, was preached at the ordination of the Rev. 
Mr Gibfon minifter of St Ninian’s, a neighbouring 
parifh, in the year 1754, and publifhed, with the 
charge and notes, in 1755 ; and 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 mofl 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 that on the /oily, infamy, and 
mifery of unlawful pleafure, preached before the Gene- 
ral Aflembly of the Church of Scotland. The choice of 
fuch a fubjedl, 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- 
unfeaionable mirth was foon converted into ferioufnefs. 
The pidlure exhibited in this fermon is the work of a 
mailer ; 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 
fir iking 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 eonfequence of 
this fermon, Mr Fordyce received from the univerfity 
of Glafgow a diploma, creating him Dodlor in Divi- 
nity ; and if there is yet any thing honourable in aca- 
demical degrees, proftituted as they have long been by 
an undiftinguifhing diflribution, 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 acquifition of academical honours, he accepted of 
an invitation from a fociety of Proteflant 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 fpace of a few' months. This gave occa- 
fion to the Dodlor 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 tty 

the 



FOR 
Fortlyce. tlic congregation of Monkwdl'fu'eet^ and preached for 

Wr.-V—many years with great powers of eloquence and fervour 
of piety, to an audience always crowded and often over- 
flowing. 

When a preacher obtains, Myth or without merit, 
an uncommon fliare of popularity, a confiderable pro- 
portion of his hearers will ever confift of thofe, who 
are guided in their choice rather by curiofity and fa- 
fhion, than by found judgment. The attachments of 
fuch people are as capricious and variable as their 
minds ; and they change their preacher as they change 
their drefs, not from their own talle, for in general 
they have none ; but from the delire of being where 
others are, of doing what others do, and of admiring 
what others admire. Dr Fordyce appreciated juiUy 
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, whofe efteem was molt de- 
firable, becaufe it was grounded upon the dictates of a 
found underitanding. 

At lad, 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 refigned his charge 
in Monkwelbftreet, and retired to a villa in Hampfhire, 
in the neighbourhood of the Earl of Bute, who ho- 
noured him with his friendfhip, and to whofe valuable 
library he had free accefs. Afterwards he removed to 
Bath, where having, with Chriftian patience, fuffered 
much from an afthmatic complaint, to which he had 
been fubjedt for feme years, on the ift of Odtober 
1796 he expired without a groan. 

Were we to hazard an opinion of Dr Fordyce’s in- 
telledfual powers from fuch a perufal of his works as 
we mufl: acknowledge to have been hafty, 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 paffions, to enforce the pradtice of virtue, than, 
by the exertions of his own underflanding, to vindicate 
fpeculative truth, or to detedt the fophiitry of error. 
From this remark, we cannot be fufpedled of a wifh to 
leflen his charadfer in the public efteem ; 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 fcientilic 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 his fermons to young women, 
which have attradfed moft general notice, it would be 
prefumptuous in us to give a charadter; 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 recol- 
ledt of thefe far-famed difeourfes, the cenfure pafled on 
them by Mrs Wolftoncraft feems to be juft. 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 oeeafionaj Pwfyts 
fermons ; but perhaps the fineft fpecimen of pulpit ora- 
tory which ever fell from his pen, is the charge which ' " v"~* 
he delivered at the ordination of his fucceflor in the 
meeting of Monkwell-ftreet. It is indeed one of the 
moft valuable difeourfes of the kind'that we have feen, 
and fhould be read with attention by every clergyman 
of every denomination, who wifhes to difeharge his 
duty with credit to himfelf and with advantage to his 
people. 

The efte£t of Dr Fordyce’s addrefies from the pul- 
pit was much heightened, not only by an adlion and 
an elocution, which he ftudied with care and pradlifed 
with fuccefs ; but by the figure of his perfon, which was 
peculiarly dignified, and by the expreffion of his coun- 
tenance, which was animated at all times, but animated 
moft of all when lighted up by the ardour of his foul iu 
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 convitfion to the heart. His eye, 
indeed, was particularly bright and penetrating, and he 
had carefully attended to the effedf which an orator 
may often produce upon an audience by the judicious 
ufe of that little, but invaluable organ. 

With refpect 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 Englifh diflenters. 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 Prefbyterian, refpe&ed talents and worth 
wherever he found them. 

We fhall conclude this fhort (ketch of Dr FordyceV ' 
life and character with the following lift of his works, 
of which fome have been tranflated into feveral lan- 
guages. x. A Sermon and Charge, at the ordination 
of the Rev. Mr Gibfon Miniffer of St Ninian’s, 17S4. 
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 Eawrence, 1760. 6. Sermons to 
Young Women, 2 vols. 1761;. 7. A Sermon on the 
Character and Conduft of the Female Sex, 1776. 8. 
Addrefles to Young Men, 2 vols. 1777. 9. A Charge 
at the Ordination of the Rev. James Lindfay, in 
Monkwell-ftreet, 1783. 10. Addreffes to the Deity, 
1785. 11. Poems, 1786. 12. A Difcourfe on Pain, 
1791. He alfo re-publifhed, with an additional charac- 
ter, “ The Temple of Virtue, a Dream,” written by 
his brother David. 

FORMULA, a theorem or general rule or expref- 
fion, for refolving certain particular cafes of fome pro- 
blem, &e. So -Jj -f- is a general formula for the 
greater of two quantities whofe fum is s and difference 
d; and — \d is the formula, or general value, for 

the 

(a) By his fuccefibr in Monkwell-ftreet, to whofe fermon, preached on occafion of the Dodlor’s death, 
areaders are indebted for every thing valuable in this fhort memoir. 



FOR 
ForftiT. x2 is the formula, or 

circle, whofe diame- 
 the lefs quantity. Alfo V/ Jx - 

general value of the ordinate to 
ter is d, and abfcifs x. 

FORSTER (John Reinhold, LL. D.) profefTor 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 Pruflia, in the 
month 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 flender. 
He therefore quitted Dantzick, and went, firft to Raf- 
fia, and thence to England, in queft of a better fettle- 
ment than his own country afforded. In the diffent- 
ing academy at Warrington he was appointed tutor 
in the modern languages, with the occafional office of 
lecturing in various branches of natural hiftory. For 
the firft department he w’as by no means well qualified; 
his extraordinary knowledge of languages, ancient and 
modern, being unaccompanied by a particle of tafte ; 
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 w'ere acquifitions of little value in his academical 
department. 

At length he obtained the appointment of naturalift 
andphilofophcr (if the word may be fo fifed) to the fe- 
cond voyage of difcovery undertaken by Capt. Cook ; 
and from 1772 to 1775 he accompanied that immortal 
navigator round the world. On his return he refided 
in London till the improper' condudl of himfelf and 
his fon made it expedient for them both to leave the 
kingdom. Fortunately he received an invitation to 
Flalle, where, for 18 years, he was a member of the 
philofophical 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 fhort Directions for collecting, prefer- 
ving, and trarffpoiting all kinds of Natural Curiofities, 
London, 1771, 8vo. Obfervations made during a 
Yoyage 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 Tranfaftions. 
He trariflated into Engliffi, 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 
rnferted in foreign journals and the tranfaCtions of 
learned academies. 

He died at Halle on the 16th of December 17QS, 
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 Undent in the academy at Warrington, andfoon 
acquired a very perfeCt ufe of the Engliffi tongue. He 
alfo diftinguiffied 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 almoft all 
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the friends his talents had acquired him, and involved 
himfelf and family in perpetual difficulties. 

The cafe was very different with the fubjeCI of this 
memoir ; for when Dr Forfter was appointed naturalift 
to Captain Cook, his fon, through the intereft of the 
friends whom his good nature had made, was affociated 
with hint in his office. The voyage, continued during 
the ‘pace of three years ; and on their return the two 
Forfters publilhed jointly a botanical work in Latin, 
containing the characters of a number of new genera of 
plants, difeovered by them in their circumnavigation. 
Thus far they acted properly in the fervice of govern- 
ment fur the advancement of fcience ; but in publiffi- 
ing another work their conduct was not proper. 

The father had come under an engagement not to 
publiffi 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 publiihed in Engliffi and 
German by George; and the language, which is cor- 
re& 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- 
vatiens and reflections. Several parts of the work, and 
particularly the elaborate inveftigations relative to the 
languages fpoken by the natives of the South Sea 
Iflands, and the fpeculations concerning their fuccef- 
five migrations, are thought to be ftrongly imprefied 
with the genius of the elder Forfter. 

That a work thus furreptitioufly uffiered 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- 
therwiie unexceptionable ; but this was far from being 
the cale. It abounds with reflections injurious to the 
government whofe fervants they had been, and not juft 
to the navigators employed on voyages of difcovery. 
The younger Forfter, too, had fome time before publiffi- 
cd a book replete with factious fentiments; and the 
coldnefs with which he and his father were both treated 
in contequence 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 connection with the illuftrious Cook ; and of the 
fon, there is a ffiort account in the Monthly Maga- 
zme, by Charles Fougens, fraught with thofe impi- 
ous and feditious reflections 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. Avaricious of glory, 
and an idolater of liberty, Paris was the city moft fuit- 
able to his tafte and character of any in Europe. Not- 
withftanding this, he was foon conftrained to leave it : 
tne intereft of his family demanded this facriflce ; fora 
learned man, who fails round the world, may enrich 
his memory, but he will not better his fortune. He 
was accordingly obliged to accept the place of profef. 
lor of natural hiftory in the univerfity of Caffel. But 
his factious^ fpirit accompanied him whitherfoever he 
went. It is well known, that the petty princes of 
Germany have long been in the prafitice of hirincr out 
their troops to more opulent fovereigns engaged in: 
war. This pra&ice, which we are not difpofed to de- 
iend, not only fcandahzed our Cofmopolite, but fo ir- 

ritated; 

For Her. 
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rltated 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 himfclf from a fi- 
tuation fo unfuitable to a thinking being. Every thing 
in lus power ! Did the Prince rettiin him in the uni- 
veriity contrary to his inclination ? The univerfity of 
Caffel muft be contemptible indeed, if the prelesStions 
of fueh a man as George Forfter were of fuch confe- 
quence to it. 

He got away, however ; and the fenate of Poland 
having offered him a chair in the univerfity of Wilna, 
Foriler accepted of the invitation. But although this 
office was very lucrative, and the enlightened patriots 
of that country did not negleft to procure him all the 
literary fuccours of which he flood in need, he could 
not be long happy in a femi-barbarous nation, in which 
liberty was buffeted to expire under the intrigues of Ruf- 
lia and Pruffia. 1 

On this, with wonderful confiftency, the man who 
could not endure the defpotifm of Heffe, or even the 
uriftocracy of England, accepted of the propofitions of 
that friend to liberty Catharine II. ; who, jealous of 
every fpecies of glory, wifhed to fignalize her reign, by 
procuring to the Ruffian nation the honour of underta- 
king, after the example of England and France, a new 
voyage of difeovery round the world. Unfortunately 
for the progrefs of knowledge, the war with the Otto- 
man Porte occafioned the mifearriage of this ufeful pro- 

But Forfter could not long remain in obfeurity. The 
different publications with which he occafionally enrich- 
ed natural hiftory and literature, encreafed his reputa- 
tion. The Eledlor of Mentz accordingly appointed 
him prefident of the univerfity of the fame name; and 
he was difeharging the fundlions of his new office when 
the French troops took poffeffion of the capital. This 
philofophical traveller, who had ftudied fociety under 
all the various afpe£ts arifing from different degrees of 
civilization ; who had viewed man ftmple 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 
in Poland by anarchy;—beheld with wild enthufiafm 
tlte dawnings of the French revolution, and was the 
firft, 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 miffion, the city of Mentz was be- 
fieged and retaken by the Pruflian troops. This event 
occafioned the lofs of all his property ; and what was 
Hill more difaftrous, that of his numerous manuferipts, 
which fell into the hands of the Prince of Pruffia. 

Our biographer, after conducing 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 bis language leaves rather 
uncertain) with a young woman named Therefa Hayne, 
who, by the illumination of French philofophy, had di- 
verted herfelf of all the prejudices which, we truft, the 
ladies of this country ftill confider as their honour, as 

they are certainly the guardians of domeftic peace. 
Mifs Hayne was indignant at the very name of duty. 0... 
With Eloifa flie 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 Forfter’a 
wife, we are led to fuppofe that fhe was aClually mar- 
ried to him. But their union, of whatever kind, was 
of fhbrt duration. Though the lady is faid to have 
been paffionately attached to celebrated names, the nan'e 
of George Forfter was not fufficient to fatisfy her^ He 
foon ceafed, we are informed, to pleafe her ; fhe there- 
fore transferred her affedlions to another ; and, as was 
very natural for a woman who was indignant at the 
name of duty, file proved falfe to her hufband’s bed. 
Forfter, however, pretended to be fuch a friend to the 
modern rights of men and women, that he defended the 
charaCler of his Therefa againfl crowds who condemn- 
ed her conduCl. 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 Therefa Haync 
to efpoufe the man whom fne preferred to hiiiifelf. 
Strange, however, to tell, the prejudices even of this 
Cofmopolite were too ftrong for his principles. While 
he was endeavouring to procure the divorce, he 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 fiiock. But the chagrin occafion- 
ed by his misfortunes, joined to a fcorbntic affeflion, to 
which he had been long fubjeCt, and which he had con- 
tradled at fea during the voyage of circumnavigation, 
abridged his life, and prevented him frem realifing this 
double project. He died at Paris, at the age of 39, 
on the 13th of February 1792. 

This is a ftrange tale; but we truft it will not prove 
ufelefs. The latter part of it at leaft (hows, 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 fhews 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 periftied, 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. 

FQSSIL-Msal, othervvife called lac lune, mineral 
argaric, 
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arganp, aad guhr, is, according to M. Fabbroni, a mix~ 
ed eaith, which exhales an argillaceous odour, and 
throws out a light whitifti fmoke when fprinkled with 
v.'ater. It is abundant in Tufcany, wrhere it is em- 
ployed for cleaning plate. It does not effervefee with 
acids; is infufihle in the fire, in wdiich it lofes an eighth 
part of its weight, though it becomes Icarcely diminifh- 
ea in bulk ; and, according to the analyfis made by M. 
ibabbroni, confifts of the following component parts: 
Siliceous earth 55, magnefia 15, water 14, argil 12, 
linie 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 
brick.:;, which Pliny mentions as peculiar to Maffllua 
a!r<r C~alent°’ two ^,tIes in Spain, muft have been made <sl foffil meal. Bricks made of that fubltance refxft wa- 
ter exceedingly well, and unite perfe&ly with lime ; 
tfiey are fubjeiSt 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 
refiflance, 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 thicknei's, weighed only i^th ounces; 
whereas a common brick weighed 5 pounds oiths oun- 
ces. 

Bricks of foffil-meal may be of important benefit in 
the conllruaion of reverberating furnaces ; as they are 
fuch 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 conflrufting cooking places 
on board fhips ; and alfo floating batteries, the parapets 
of which, if made of thefe bricks, would be proof againlt 
red hot bullets; and, lallly, for conftru£fing powder 
magazines. 

FOULAHS, or Ioolahs, 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 diftina: from the Mandinga, which is 
the prevailing one in this quarter. The Foulahs occu- 
py, at leafl as fovereigns, feveral provinces or kingdoms, 
interipericd throughout the tra£t comprehended be- 
tweeri the mountainous border of the country of Sierra 
Teona on the weft, and that of Tombu&oo on the eaft; 
as alio a large trabl 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- 
medanifm ; but with a great mixture of Faganifm, and 
with lefs intolerance than is praaifed by the Moors. 

The principal of the Foulah ftates is that within Si- 
erra Leona; 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 Bondou, 
with Foota-Iorra 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 Maffina lower down 
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on the fame river, and joining to Tombu&oo on the 
weft. 

I he kingdom of the Foulahs, fituated between the 
upper part of the Gambia river and the coaft of Sierra 
Leona, and along the Rio Grande, is governed by a 
Mahometan fovereign ; but the bulk of the people ap- 
pear to be Pagans. From the circumftances of their 
long hair, their lips, and comparatively light colour. 
Major Rennel is decidedly of opinion, that the Fou- 
lahhs are the Leucaethiops of Ptolemy and Pliny. The 
former, as he obferves, places the Leucasthiops in the 
fit nation occupied by the Foulahs; and by the name 
which he gave them, he evidently meant to deferibe a 
people lefs black than the generality of the Ethiopians. 
Hence it may be gathered that this nation had been 
traded with,, and that fome notices relpe&ing it 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 be fufpe&ed that this part/of 
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 recolleft how flattering a pi&ure they give of the 
urbanity and hofpitality of the Foulah’s, will be grati- 
fied on finding that this nation wag 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- 
ra&ers is as great as that between the nature of their 
refpe&ive countries, or between their form and com- 
plexion. The Moors appear to pofiefs the vices of the 
Arabs without their virtues ; and to avail theurielves of 
an intolerant religion, to opprefs llrangers; whilft the 
Negroes, and efpecially the Mandingas, unable to com- 
prebend a doctrine that fubftitutes opinion or belief for 
the focial duties, are content to remain in their humble 
ftate of ignorance. The hofpitality fhewn by thefe 
good people to Mr Park, a deftitute and forlorn ft ran- 
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 compariion with the African 
Moors.—See Major Rennels Geographical Illujlrations of 
Mr Park's Journey, and of North Africa at large, print- 
ed for the African Aflbciation. 

FRANCAIS (Port dks), 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. Lat. and 
in ‘39° 5?' W. Long, from Paris. When the two fri- 
gates which he commanded approached it, as they were 
ftretching along the coaft from fouth to north, he per- 
ceived from his fhip a great reef of rocks, behind which 
the fea was very calm. This reef appeared to be about 
three or four hundred toifes 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: thiVnew 
harbour was three or four leagues deep. 

Some, officers, who had been difpatched in boats to 
reconnoitre this harbour, gave a report of it extremely 

* , 4 ' favourable; 

Foulatis, 
trancais. 



FRA [ 666 ] F R A 
Francai?. favourable; and on the 3d of July ^ie tw0 

 ' gates entered it, and anchored near its mouth in three 
fathoms and a half, rocky bottom. The bay, however, 
was quickly founded, and much better anchoring ground 
difcovered at an ifland in the middle of it, where the 
(hips might ride in 20 fathoms water with muddy bot- 
tom. This ground was taken poffcffion of, an obler- 
vatory eredfed on the ifland, which was only a muiket 
fhot from the {hips, and a fettlement formed for their 
ftay in the harbour. From a report made by one of 
the officers who had penetrated towards the bottom of 
the bay, Peroufe 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 moft extraordinary places in the world. It is a 
bafon of water, of a depth in the middle that could not 
be fathomed, bordered by peaked mountains of an ex- 
ceffive height, covered wdth fnow, without a blade of 
grafs upon this immenfe colledtion of rocks, condemned 
by Nature to perpetual fterility. “ I never (fays lie) 
faw a breath of air ruffle 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 beard 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, ftretching, 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, wffien it is high water at one o’clock. The 
fea breezes, or perhaps other caufes, aft 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 j 5 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 
imprafticable, 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 rife till to- 
ward eleven o’clock, which does not permit the taking 

advantage of the morning tide ; finally, the eafterly Francai*. 
winds, which are contrary, appeared to him to be more v—« 
frequent than thofe from the weft, and the vaft height 
of the furrounding mountains never permits the land 
breezes, or thofe from the north, to penetrate into the 
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 ftiips which are 
fent out at a venture for trafficking in (kins ; fuch {hips 
ought to anchor in a great many bays, and always 
make the fhortetl ftay poffible in any of them ; becaufe 
the Indians have always difpofed of their whole ttock 
in the firft week, and all loft time is prejudicial to the 
interefts of the owners : but a nation w-hich fhould form 
the projeft of eftablifhing faftories fimilar to thofe of 
the Englifli in Hudfon’s Bay, could not make choice 
of a place more proper for fuch a fettlement. A fimple 
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 fuch 
violence upon the coaft, that to difembark is impoflible. 
The fort, the magazines, and all the fettlements for 
commerce, (hould be raffed 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 {hips not having their cargo to feek, 
but being certain of having it colleftedto 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 are in the fet and ftreugth 
of the current at particular times of tide, would enfure 
the entrance and departure of the {hips. Finally, conti- 
nues the author, our traffic for otters flans has been fo- 
very confiderable, that I may fairly prefume there could 
not", in any part of America, be a greater quantity of 
them collefted. 

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- 
§ais, 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 fliade, the gum poplar tree, the poplar, the fallow, 
the horn-beam ; and, finally, fuperb pines, fit for the 

mails 

(A) hia name was given to the ifland in.the bay from the monument erefted on. it to the memory of their 
unfortunate companions. - ’ / 
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FrapeaU. mafts of our largeft/liips.    

produfUons of this country are unknown in Europe. 
M. de Martiniere, in his different excurfions, met with 
only three plants which he thought new ; and it is 
well known, that a botanifl 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 confume, they had very little 
fifhing in the bay, and that only with the line. They 
caught fome ling, a fingle thornbaek, fome plaice, Jle- 
tans or faitans, of which fome were more than 100 
pounds in weight (b), and a lifh refembling the whi 
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Not any of the vegetable continually agitated by fear or revenge $ prone to an. Franca!s. 

ger, and eafdy 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 addi&ed as fome of 
the inhabitants in our great cities. This gaming is 
the great fource of their quarrels. If to all thefe de- 
ftrudive vices they fhould unfortunately add a know- 
ledge of the ufe of any inebriating liquor, M. Peroufe , Til !• O      im-unamig lujuui , ivi. X CTOUIC tmg, but a little larger, which abounds on the coall of does not hefitate to pronounce, that this colony would 

J rovence, where it is known by the name of poor priejl. be entirely annihilated.” 
Peroufe calls thefe fifh capelans. In the woods they 
met with bears, martens, and fquirrels ; but they favv 
no great variety of birds, though the individuals were 
very numerous. 

“ If the animal and vegetable produ&ions of this 
country refemble thofe of a great many others, its ap- 
pearance (fays our author) can be compared to no- 
thing. T. he views which it prefents are more frightf ul 
than thofe of the Alps and the Pyrenees; but at the 
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 fliore 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 
the gullies which feparate them are immenfe glaciers, 
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 
fidcs 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- 
fpread with verdure, and the fnow is only feen on their 
fummits: they appeared to be entirely formed of fchif- 
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 
their foil is rocky and barren, they inhabit this land 
only to deflroy its population : at war with all the ani- 
mals, they defpife the vegetable fubftances that grow 
around them. I have feen (fays our author) women 
and children eat fome rafpberries and ftrawberries ; but 
thefe are undoubtedly viands far too infipid for men, 
who live upon the earth like vultures in the air, or 
wolves and tigers in the forefts. 

“ Their arts are fomewhat advanced, and in this re- 
fpeft civilization has made confiderable progrefs ; but 
that which foftens their ferocity, and polifhes their 
manners, is yet in its infancy. The mode of life they 
purfue excluding all kind of fubordination, they are 

Like all other favages, they are incorrigible thieves; 
and when they affumed a mild and placid appearance, 
the Frenchmen were fare that they had ftolen fome- 
thing. Iron, of which they appeared to know the ufe, 
and of courfe the value, moft excited their cupidity ; 
and when our navigators were engaged in carefling a 
child, the father was fure to feize the opportunity of 
taking up, and concealing under his fkin-garment, every 
thing of that metal which lay within his reach, and was 
not too heavy to be carried off. 

M. Rollin, furgeon major of one of the frigates, thus 
deferibes thefe people. “ They have very little fimi- 
lanty to the Californians ; they are taller, flouter, of 
a more agreeable figure, and greater vivacity of expref- 
fion : they are alfo much their fuperiors in courage and 
fenfe. 1 hey have rather a low forehead, but more 
open than that of the Southern Americans; their eyes are 
black and very animated ; their eyebrows much fuller ; 
their nole 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. 

“ 1 he women alfo have an equal advantage over 
thofe of the preceding tribes ; they have much more 
mildnefs in their features and grace in their limbs.  
1 heir countenance would be even very agreeable, if,• 
in order to fet it off, they did not make ufe of a ftra’ngc 
cuftom of wearing in the lower lip an elliptical piece of 
wood, lightly grooved on its circumference and both 
its lides, and which is commonly half an inch thick, 
two in diameter, and three in length. 

“ This fingular ornament, befides being a great defor- 
mity, is the caufe of a very troublefome as well as dif- 
gufting involuntary flow of faliva. This appendage is 
peculiar to the women ; and female children are made 
to undergo the preparatory operations from the time of 
their birth. For this purpofe, the lower lip is pierced 
with a kind of pin of copper or gold, which is either 
left in the opening, or its place fupplied with a ring of 
the fame material, till the period of puberty. The aper- 
ture is then gradually enlarged, by fubftituting firft a 
fmall piece of wood of the form mentioned above, then 
a larger one; and fo on, increafing its fize by degrees 
till it reaches the dimenfions juft ftated. 

“ This extraordinary cullom fhews the great power 
of dilatation in the lip, and may encourage medical prac- 

4 ^ * titioners 

(b) This is a flat fiffi, longer and not fo fquare as the turbet. Its back is corered with fmall fcalcs ■ an? 
thole which are taken m Europe are much lefs than the fletans of Port des Franjais * 
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titioners In their attempts to remedy deformities of this 
part by the ufe of the knife. 

“ The 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 
aftion 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 aimpits and parts of lex better- 
provided with hair. 

“ The perfect evenoefs of their teeth led me at firft 
to fufpeft that it was the efteft 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 cultom of 
painting the face and body, fo generally adopted by 
the Africans, Americans, and Welt Indians, is only in- 
tended as a prefervative againtt noxious iofefls. I 
think., however, that I am warranted in alferting its foie 
end to be ornament. I found it to prevail among the 
inhabitants of Ealter Illand and the natives of For/ tics 
Fran gats, without obferving among them either veno- 
mous infe&s 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. Peroufe himf^lf fpeaks not fo favourably of the 
women as M, Rollin. “ They are (he fays) the moil 
difgufting of any on the earth, covered with (linking 
Ikins, which are frequently untanned ; and yet they 
failed not to excite defires in feme perfons, in fa£l of 
no fmall confequence : they at firft ftarted many diffi- 
culties, giving alfurances by their gellures that they 
ran the riik of their lives ; but being overcome by pre- 
fents, they had no objection 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, fince they frequently addreffed themfelves to it 
in their prayers ; but our voyagers faw neither temple 
nor prieft, nor the leaft trace of public worflu'p at Hated 
times. They burn their dead. 

FRE'GATES FM.Nt;AisE Baffe 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-eaft ; and upon the 
extremity of the point in that direftion, the frigates 
had almoft ftruck before the breakers were obferved. 
This was during a fine clear night and fmooth lea. 
With great propriety, the Commodore returned in the 
morning to afeertain the geographical fituation of this 
unknown rock ; and he eftimated the iflet to be in 230 

45' N. Lat. and 1680 \d W. Long, from Paris. 
FRICTION, in mechanics, is a fubjeft of great im- 

portance both to the pra&ical engineer and to the fpe- 
culative philofopher. It is therefore our duty to cor- 
reft, in this Supplement, the miftakes into which we 
fell when treating- of that fubjeft in the Encyclopedia. 
What we have there taught of friftion (fee Mecha- 

nics, Seft. IT. § 8.) is taken from Fergufon ; but it AiAI 
has been Ihewn by Mr Vince, that the experiments from "v— 
which his conclufions were drawn were not properly 
inftituted. That eminent mathematician and philofo- 
pher therefore entered upon the inveftigation of the 
fubjeft anew, and endeavoured, by a fet of experiments, 
to determine the following queftibns : 

1. Whether friftion be a uniformly retarding force ? 
2. The quantity of friftion ? 
3. Whether the friftion varies in proportion to the 

preflure or weight ? 
4. Whether the friftion be the fame on whichever 

of its furfaces a body moves ? 
1. With refpeft to the firft of thefe queftions, the 

author truly obferves, that if friftion be a uniform force, 
the difference between it and the given force of the 
moving power employed to overcome it muff alfo be 
uniform ; and that therefore the moving power, if it 
be a body defeending by its own weight, muft defeend 
with a uniformly accelerated velocity, juft as when 
there was no friftion. The 1 paces deferibed from the 
beginning of the motion will indeed be diminifhed in 
any given time on account of the friftion ; but ftill 
they muft be to each other as the fquares of the times 
employed. See Dynamics in this Supplement. 

2. A plane was therefore adjufted parallel to the ho- 
rizon, at the extremity of which was placed a pulleys 
which could be elevated or depreffed, in order to render 
the firing which connected 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 ilage, 
which could be adjufted 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 friftion. 

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 ftage, the fpace could be 
very accurately adjufted to the time : The ftage 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 ftage 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 exaftly with the time : laftly, the 
ftage was adjufted to that point to which the moving 
force ought to defeend in 1", upon the fame fuppofi- 
tion, 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 
ftage 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 firft mentioned corre- 
fponded exaftly to the times. And, for the greater 
certainty, each defeent was repeated eight or ten times; 

and 
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Friftion. and every caution uled in this experiment was alio made periment, where M = 7 
 ~ ufe of in all the following. 

Exp. 2. A fecund body was laid upon the horizontal 
plane, and a moving force applied which defcended4i| 
inches in 3"; the ilage was then adjulled to the fpace cor- 
refponding to 2", upon fuppoiition that the fpaces de- 
fcended through were as the fquaresof 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 wasvlaid upon the horizontal 
plane, and a moving force applied, which defcended 59! 
inches in 4" ; the itage was then adjulted to the fpace cor- 
refponding to 3", upon fuppofition that the fpaces de- 
fcended through were as the fquaresof the times, and it 
was found to agree with the time ; the ftage was then 
adjufted to the fpace correfponding to 27, 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 fuppoiition 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. 

Befides 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 Je by the fric- 
tion ; and, in each experiment, bodies of very different 
degrees of fribtion 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, &c. experiments 
were made in order to afcertain it ; when it was found, 
in all cafes, that the retarding force increafed whth 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 haj;d 
bodies arifing from fridtion is uniform, the quantity of 
fri&ion, confidered as equivalent to a weight without 
inertia drawing the body on the horizontal plane back- 
wards, or adfing contrary to the moving force, may be 
immediately deduced from the foregoing experiments, 
hor let M — the moving force exprelfed by its weight; 
I rr the friction ; W — the weight of the body upon 
the horizontal plane ; S — the fpace through which 
the moving force defcended in the time / expreffed in 
feconds ; r~ 16 A feet; then the whole accelerative 

force (the force of gravity being unity) will be ; 

hence, by the laws of uniformly accelerated motions. 

R I 
W ~ 25I, S rr 4tA feet, 

' = 4"J hence F = 7 - = 6-4>7 i con. 
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 fri&ion 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 exadtnefs), it 
would not have affeded the concTufion ^dth part of 
the whole. V 

5\ We come, in the next place, to determine whether 
fri&ion, cateris paribus, varies in proportion to the 
weight or preffure. Now if the whole quantity of the 
fri&ion of a body, meafured by a weight without iner- 
tia equivalent to the fri&ion drawing the body back- 
wards, increafes in proportion to its weight, it is mani- 
feft that the retardation of the velocity of the body 
arifing from the fri&ion will not be altered ; for the re- 

Quantity of fri&ion 
hence, if a Quantity of matter ’ 

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, becaule the accelerative force varies as the 
moving uirce divided by the whole quantity of matter, 
and both are increafed in the fame ratio ; and if the 
quantity of fri&ion increafes alfo as the weight, then 
the retaidation arifing from the fri&ion 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 tame fpace in the fame time. Hence, by 
obfeiving 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 fri&ion 
increafes in proportion to the weight. The following- 
experiments were therefore made in order to afeertain 
this matter: 

M —F P X r S, confequently F = M- M X W X S 
M W ' r ti 
To exemplify this,, let us take the cafe of the laft ex- 

Exp. 1. A body weighing 10 oz. by a moving force of 
qoz. defcribed in 2" a fpace of 51 inches' by loadino- the- 
body with 10 oz. and the moving force with 40Z. it 
deicriced 56 inches in 2" ; and by loading the body 
again with iooz.. and the moving force with 4 oz. it 
defcribed 63 inches in 2". 

. 2- A body, whofe weight was 16 oz. by a mo- 
ving force of 5 oz. defcribed a fpace of 49 inches in 
3''> ail(l 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 
2F-oz. defenbed 28 inches in 2" ; and by loading the 
body with 24 oz. and the moving force with 10 oz5. the 
fpace defcribed in the fame time was 54 inches. 

Exp. 4. A body weighing 8 oz. by a moving force of 
4oz. defcribed 334- inches in 2"; and by loading the 
body with 8 oz._ and the moving force with 4 oz^ the 
fpace defcribed in the fame time was 47 inches. 

Ax/. 5. A body whofe weight was 9 oz. by a moving 
force of 4r oz. defcribed 48 inches in 2"; and by loading 
the body with 9 oz. and the moving force with a-1 oz 
the fpace defcribed in the fame time was 60 inches. 

Exp; 6. A body weighing I0 oz. by a moving force of 

3 ezs. 

Friftioili 
^ m 11 uufi 
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Frisian. ^ oz, dcFcribed Jo inches in 2" 
u with io 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. atid the moving force 
with 9 oz. the fpace defcribed was 34 inches in 2". 

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 arifmg from the friftion mull have been diminifh- 
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 friftion\ 
   —^'   1 the quantity of fri&ion varies a" Quantity' of matter / 

fnBion 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 friftion varies 
by varying the furface on which the body moves. Let 
us call two of the furfaces 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 friction was in proportion to the weight, 
oateris paribus, it is manifeft, that the fridlion on a 
would be equal to the fridfion on A, the whole fridtion 
being, upon Inch 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 products, 
from the proportion above, are equal. But from the 
laft experiments it has been proved, that the fridftion 
on any given furface increafes in a lefs ratio than the 
wfeight ; 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 on 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 lame 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 lecond body was taken whofe flat furface 
was to its edge as 32:3, and with the fame moving 
force it defcribed on its fiat fide 32 inches in 2", and 
on its edge it defcribed 374- inches in the fame time. 

Exp. 3. Fie 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 -g-ths of an inch at the 
two ends, and with the fame moving force it defcribed 
40 inches in the fame time. 

Exp. 4. Another body was taken which had one of 
its furfaces, whole length was 9 inches, covered with a 
fine 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 
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by loading the body the two ends, and with the fame moving force it de. Fr!^?Bn, 

feribed 54 inches in 2" ; he then took off more paper, *—nr-^ 
leaving only ^ of an inch at the two ends, and the body 
then deferibed* by the lame 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 Hop the moving force, in 
coniequence of which the body would then go on with 
the velocity acquired until the fri&ion had deftroyed 
all its motion ; when it appeared from a mean of 12 
trials that the body moved, after its acceleration ceafed, 

inches before it flopped. 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 74 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, 5^ inches, and on the edge 6F4 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 inches refpe&ively. 

From all thefe different experiments it appears, that 
the fmalleft furface had always the leaft friflion, which 
agrees with the coniequence deduced from the confide- 
ration that the fridtion does not increafe in fo great a 
ratio as the weight ; we may therefore conclude, that 
the friction oj a body does not continue the fame when 
it has different furfaces applied to the plane on which it 
moves, but that the fmallef furface will have the leaf fric- 
tion. 

To the experiments inflituted by Mr Fergufon and 
others, Irom which conclufions have been drawn fo dif- 
ferent from thefe, our author makes the following ob- 
jedtions : It was their object to find what moving force 
would jujl 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 oblerves, that any force 
which will put a body in motion mufti be greater than 
the force which oppofes its motion, otherwife it could 
not overcome it ; and hence, if there were no other ob- 
jedtion than this, it is evident, that the fridtion could 
not be very accurately obtained : but there is another 
objection which totally deftroys the experiment fo far 
as it tends to Ihew the quantity of fridtion, which is 
the ftrong coheiion of the body' to the plane when it 

and this is confirmed by the following ex- 
if, A body of i 2^ oz. was laid upon an 

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 
fridtion muft be juft equal to the accelerative force. 
The body was then Hopped, when it appeared that the 
fame moving force which had kept the body in motion be- 

fore. 

lies at reft 
periments. 
horizontal 
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Friftiw, fore, would not put it in motion, and it was found ne 

Fngori6c. t0 taJje 0j(f oz> from the body before the 
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. 2dly, 
A body whofe weight was i 6 oz. was laid at reft upon 
the horizontal plane, and it was found that a moving 
force of 6 oz. would juft put it in motion ; but that a 
moving force of 4 oz. would, when it was juft put in 
motion, continue that motion without any acceleration, 
and therefore the accelerative force mull then have been 
equal to the fridtion, and not when the moving force of 
6 oz. was applied. 

From thefe experiments, therefore, it appears how 
very confiderable the cohefton was in proportion to the 
fridtion when the body was in motion ; it being, in the 
latter cale, almoft -3-d, and in the former it was found to 
be very nearly equal to the whole fridtion. All the 
concluftons therefore deduced from the-experiments, 
which have been inilituted to determine the friction 
from the force necelfary to put a body in motion, have 
manifeftly been totally falfe ; as fuch experiments only 
drew the refiftance which arifes from the cohefion and 
fridtion conjointly. 

Our author concludes this part of his fubjedt 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 fridtion to the increafe 
of the weight was different in all the different bodies 
which were made ufe of; no general rule therefore can 
be eftabliftied to determine this for all bodies, and the 
experiments which I have hitherto made have not been 
iufficient to determine it for the fane body.” 

He then proceeds to eftablii'h a theory upon the 
principles which he has deduced from his experiments. 
That theory is comprehended in five propolitions, of 
which the objedt of the firft is “ to find the time of 
defeent, and the number of revolutions made by a cy- 
linder rolling down an inclined plane in confequence of 
its fridtion. 

II. “ To determine the fpace through which a body, 
projedted on an horizontal plane with a given velocity, 
will move before it flops, or before its motion becomes 
uniform. 

III. “ To find the centre of fridtion. 
IV. “ 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. “ To find the nature of the curve deferibed by 
any point of a body affedted by fridtion when it de- 
feends down any inclined plane.” 

To give the folutions of thefe problems, with the co- 
rollaries deduced from them, would fwell this article to 
very little purpofe ; for they would be unintelligible to 
the mere mechanic, and the mathematician will either 
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- 
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pofe of producing artificial cold. Some of thefe mix- Fngorific. 
tures are enumerated under the title Cold (Encycl.), —\r— 
and a much more accurate lift of them is given, toge- 
ther with the principle upon which they produce their 
effedt, in the article Chemistry, n° 282. (Suppl.), 
There is one mixture, however, not mentioned in that 
lift, which was employed by Seguin, and feems, on 
many accounts, to be the moft eligible that has yet 
been propofed. Confidering the muriats (fee Che- 
m 1 stry-AuA;, Suppl.) as a clafs of falts beft fuited for 
the purpofe, he gave the decided preference to muriat 
of lime in cryftals ; and his method was to mix the 
cryftals, previoufly pulverifed, with an equal weight of 
uncompreffed fnow. 

Ry means of this mixture Mr W. H. Pepys junior, 
of the London Philofophical Society, with the afliftance 
of lome friends, froze, on the 8th of February 1799, 
56 lbs. averdupoife of mercury into a fulid mafs. The 
mercury was put into a ftrong bladder and well fecured 
at the mouth, the temperature of the laboratory at the 
time being 330. A mixture confifting of muriat of 
lime 2 lb. at -ft- 330, and the fame weight of fnow at 
4“ 32^ gave — 420 (a). The mercury was put as 
gently as pofiible 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 raifed from—qg3 to -f- 5, another 
mixture, the fame in every refpedt as the laft, was 
made, which gave, on trial with the thermometer, 
— 430, 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 five pounds of muriat of lime, 91 a 
large pail made of tinned iron, and japanned infide and 
out fide, was placed in a cooling mixture in an earthen- 
ware pan. 1 he mixture in the pan, which confifted of 
4lb. of muriat of lime and a like quantity of fnovv, of 
the fame temperature as the former, in one hour redu- 
ced the 5 lb. of muriat in the pail to — 150. The mix- 
ture was then emptied out of the earthen pan, and four 
large corks, at proper diftances, placed on its bottom, 
to ferve as refts for the japanned pail which was now 
put into the pan. The corks anfwered the purpofe of - 
infulating 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 — if, and which ftill re- 
mained in the metallic veffel, was now added fnow., un- 
compreffed and free from moifture, at the ufual tem- 
perature of -j- 32°. 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- 
try, being 940 below the freezing point of water. 

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 
faftened to its upper edge, and of fuch a breadth in the 

(A) The thermometer made ufe of in this experiment was filled with tinged alcohol, and accurately divided, 
according to Fahrenheit s fcale < 5 - 7 
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frignrific, that the net-work, when loaded with the bladder opportunity offers, he and his friends mean to make Fd* 

v—””' of mercury, could not reach its lower edge, was at the fome experiments with that view, and to communicate II 
bottom of the mixture, to prevent the bladder from the refult of them to the editor of the valuable mifeel- _FueI 

coming in contadt with the veffel ; by which means the lany * from which we have taken this account of his "'nTpin 
mercury was fulpended in the middle of the mixture, experiment on mercury. lofophieal 
As foon as the bladder was fafely depofited on the net- FRIO, a fmall ifland on the coafl of the Brazils, {I- Ma^zinu 
work, the veifels were carefully covered over with a tuated in 320 v fouth lat. and qi0 31' 4q" weft Ion. 
cloth, to impede the pafiage of heat from the furround- The land of Frio is high, with a hollow in the middle, 
mg atmofphere into the freezing materials. The con- which gives it, at a diftance, the referoblance of two fe- 
denfation of moifture from the atmofphere by the agen- parate iflands. The paffage between the ifland and the 
cy of fo low a temperature was greater than could have continent is about a mile broad, and feemed to Sir E- 
been expe&ed; it floated like fleam over the veflels, rafmus Gower to be clear from fhoals. 
'find, but for the interpofed covering, would have given FROST, as is well known in Scotland, is particu- 
tlie mixture more temperature than was defirable. larly definitive to the bloflbm of fruit trees ; and the 

After one hour and forty minutes they found, by following method of fecuring fuch trees from being da- 
means of a fearcher introduced for the purpofe, that maged by early frofts may be acceptable to many of 
the,mercury was folid and fixed. The temperature of our readers. A rope is to be interwoven among the 
the mixture at this time was — 46, that is, 160 higher branches of the tree, and one end of it brought down 
than when the mercury was put into it. fo as to be immerfed in a bucket of water. The rope. 

Our young philofophers having neglefted to fling it is faid, will a& as a condu&or, and convey the ef- 
the hoop and net-work in fuch a manner as might fedls of the froft from the tree to the water. This idea 
have enabled them to lift it out of the mixture at once, is not new ; for the following paflage may be found in 
with the bladder and its contents, were obliged to turn Colerus : “ If you dig a trench around the root of a 
out the whole contents of the pail into a large evapora- tree, and fill it with water, or keep the roots moifl till 
ting capfule made of iron. This was not effefted with- it has bloomed, it will not be injured by the frofl. Or, 
out the mercury ftriking againft its bottom and being in fpring, fufpend a veflel filled with water from the 
fractured, though it received a confiderable increafe of tree. If you with to preferve the bloom from being 
temperature from, the capfule. The fra&ure was fimi- hurt by the froft, place a veffel of water below it, and 
lar to that of zinc, but with parts more cubical. The the froft will fall into it.” Philofnphical Maga-ztne, n° 11. 
larger pieces were kept for fome minutes before fufion < FUEL, whatever is proper to bum, or make a fire, 
took place, while others were twifted and bent into va- either for warming a rooni or drefiing viftuals. The 
rious forms, to the no fmall gratification and furprife of fuel moft generally ufed in Great Britain is pit-coal, 
thofe who never witneffed or expelled to fee fuch an which is a very expenfive article ; and that expence is 
efieft produced on fo fufible a metal. greatly incre*afed by the wafte of coal occafioned by the 

In experiments of the kind here deferibed, all the injudicious manner in which fires in open chimneys are 
exterior veffels fhonld be of earthen-ware or wood, commonly managed. The enormous watte of fuel in 
which being bad condudlors of heat, prevent the ingre- London,.for inftance, may be eftimated by the vaft dark 
dients from receiving heat from the atmofphere and cloud which continually hangs over that great metro- 
furrounding objedls with the fame facility that they polis, and frequently ovtrfhadows the whole country 
would through metals; and, for a fimilar reafon, the far and wide; for this denfe cloud is certainly compofed 
interior veffels are beft of metal, that they may allow almoft entirely of unconfumed coal, which has efcaped 
the heat to pafs more readily from the fubftance to be by the chimneys, and continues to fail about in the air, 
cooled into the frigorific mixture employed for that till, having loft the heat which gave it volatility, it falls 
purpofe. in a dry fhower of extremely fine black dull to the 

Muriat of lime is certainly the moft powerful, and ground, obfeuring the atmol’phere in its delcent, and 
at the fame time the moft economical fubftance that frequently changing the brighteft day into more than 
can be employed for producing artificial cold ; for its Egyptian darknefs. 
fir ft colt is a mere trifle, being a refiduum from many « 1 never (fays Court Rumford) view from a dif- 
chemical procefles, as the diftillation of pure ammonia, tance, as I come into town, this black cloud which 
&c. and often thrown away : befides, it may be repeat- hangs over London, without wilhing to be able to com- 
edly ufed for fimilar experiments, nothing being ne- pule the immenfe number of chaldrons of coals of which 
ceffary for this purpofe but filtration and evaporation it is compofed ; for could this be afeertained, I am per- 
to bring it to its firft ftate. The evaporation fhould be fuaded fo ftriking a fa£l would awaken the curiofity, 
carried on till the folution becomes as thick as a ftrong and excite the aftonilhment of all ranks of the inhabi- 
fyrup, a.:d upon cooling the whole will be cryftallifed : tants ; and perhaps turn their minds to an objedl of eco- 
it mutt then be powdered, put up in dry bottles, well nomy to which they have hitherto paid little attention.” 
corked, and covered with bladder or cement to pre- The objedl to which the benevolent author more 
vent liquefadlion ; which otherwife would foon take particularly wifhes to dirtft the public attention, is the 
place, owing to the great affinity the muriat has for lighting of a coal fire, in which more wood fhould be 
moifture. employed than is commonly ufed, and fewer coals; and 

I he powerful effedls produced by the frigorific mix- as foon as the fire burns bright, and the coals are well 
ture 01 muriat of lime and fnow, prefent a wide field lighted, and not before, more coals fhould be added to 
for experiments to determine the poffibility of fixing increafe the fire to its proper fize. 
fome 01 the gafes by intenfe cold. And vve are hap- Kindling balls, compofed of equal parts of coal,— 
py to be informed by Mr Pepys, that, as foon as an charceal,—-and clay, the two former reduced to a fine 

powder, 



Fuel, 
Fulling. 
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powder, well mixed and kneaded together, with the 
clay moiftened with water, and then formed into balls 
of the iize of hens eggs, and thoroughly dried, might 
be ufed with great advantage inltead of wood for kin- 
dling fires. I hefe kindling balls may be made fo in- 
flammable as to take fire in an inftant and with the 
fmalled fpark, by dipping them in a ftrong folution of 
nitre, and then drying them again ; and they would nei- 
ther be expen live nor liable to be fpoiled by long keep- 
ing. Perhaps a quantity of pure charcoal, reduced to 
a very fine powrder, and mixed with the iolution of nitre 
in which they are dipped, would render them ftill more 
inflammable. 

Plie Count thinks that the fires which are made in 
the open chimneys of elegant apartments might be great- 
ly improved by preparing the fuef; for nothing (fays 
he) was ever more dirty, inelegant, and difgufting, than 
a common coal fire. 

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 u'ell dried, w'ould make a much 
moie cleanly, and in all refpeefs a pleafanter fire, than 
can be made with crude coals; and, he believes, would 
not be more expenlive 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- 
piovement of the fuel. The coals, thus mixed with 
clay, not only burn longer, but give much more heat 
than when they are burnt in their crude Hate. 

It wall doubtlefs appear extraordinary to thofe who 
have not confidered the fubjedf with fome attention, 
that the quantity of heat produced in the combuftion 
of any given quantity of coals fliould be increafed by 
mixing the coals with clay, which is certainly- an incom- 
buflible body; but the phenomenon may be explained 
in a fatisfadfory manner. 

The heat generated in the combullion of any fmall 
particle of coal exifting under two diftindf forms, name- 
ly, xn that which is combined with the flame and fmoke 
which rife from the fire, and which, if means are not 
found to flop it, goes off" immediately by the chimney 
and is loll—and the radiant heat which is fent off from 
thv 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 
leaft of the combined heat, and prevent its efcape j 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 directed 
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 performing the operation under the article Fulling, 
Encyc!.} depends, like Felting, fo entirely upon the 
ftrufture of wool and hair, that the following obferva- 
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tions, which are not unimportant, will be intelligible to 
every reader who has perufed that article .in this Sup. 
plement. 

The afperities with which the furface of wool is every 
where furrounded, and the difpofition which it has to 
a flume a progreffive motion towards the root, render 
the ipinning of wool, and making it into cloth, diffi- 
cult operations. In order to fpin wool, and afterwards 
to weave it, we are obliged to cover its fibres with a 
coating of oil, which, filling the cavities, renders the 
afperities Ids fenfible ; in the fame way as oil, when rub- 
bed over the iurface of a very fine file, renders it ftill 
lefs rough. When the piece of cloth is finifhed, it muft 
be cleanfed from this oil ; which, befides giving it a 
oifagreeable fmell, would caufe it to foil whatever it 
came in contad with, and would prevent its taking the 
colour which is intended to be given to it by the dyer. 
To deprive it of the oil, it is carried to the fulling-mill, 
where it is beat with hammers in a trough full of wa- 
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 frefli 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 objed 
in fulling it ; the alternate preffure given by the mallets 
to the piece or cloth, occalions, efpecially when the 
fcouring is pretty far advanced, an effed analogous to 
that which is produced upon hats by the hands of the 
hatter j the fibres of wool which compofe one of the 
threads, whether of the warp or the woof, affume a pro- 
grdfive movement, introduce themfelves among thofe of 
the threads neareft 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 doth 
and of that of felt; it may be cut without being fubjed 
to ravel, and, on that account, wc are not obliged7 to 
hem the edges of the pieces of which clothes are made. 
Laftly, As the threads of the warp and thofe of the 
woof aie no longer lo diftind and feparated from each 
other, the cloth, which has acquired a greater degree 
of thicknefs, forms a warmer clothing. Knit worfted 
abb is, by fulling,. rendered lefs apt to run, in cafe a 
flitch (hould drop in it. 

1ULM1NA 1ING Gold. 1 See Chemistry, Supply 
Fulminating Silver. j nos 849 and 850. 

. Berthollet, the inventor of fulminating iilver, ha- 
ving contented himfelf with a general and concife de- 
feription of this fubjed, many pradical chemi/ts have 
railed 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 dtflolved 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 glafs matrafs. The folu- 
tion being poured off, the refiduary black powder and 
the matrafs were walhed with fevea or eight ounces of 
warm diftilled water, and this was added to the folution 
The black powder, being gold, was rejeded ; fome 
gold being thus feparable from any filver of commerce. 

To the foregoing diluted folution, pure lime-water 
4 prepared 

Fulling, 
Fulmina- 

tmg. 
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Fulmina- prepared with diflilled water was added gradually; foi 

til1?- the fttlution ought not to be poured into the lime water, 
^ When about thirty pints of hme-watei had been expend- 

ed, and the precipitate had fuolidtd, more lime-watci 
was added, by fucceflive pints, as long as it caufed any 
precipitation. For it was deemed fittei that the preci- 
pitation fhould not be perfeaed, than that an excels of 
lime-water fhould be ufed; the earthy pellicle of the ex- 
ceffive lime-water being apt to mix with the precipitate. 
The clear liquor being poured away, the precipitate 
was poured off, and wafhed 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 fiiver fpread on the flattened paper, it was pla- 
ced on a ehalk-ftone to accelerate the exficcation, 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 neceffary ; and exficcation was promo- 
ted by cutting the oxide into thin dices. When per- 
feftly dry it weighed i oz. 4 dwts- and about onc-lifth 
of it was confidered as oxygen. 

When aqua ammonia pune 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- 
fented by fyfternatic writers as the fulminating com- 
pound, has no fuch property, any farther than may be 
owing to the matter depofited from the alkaline foiution 
during the exficcation. 

The alkaline liquor containing the fulminating fiiver 
ought to be poured off trom the mfoluble 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 flowly 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 lets adfive in the foiution of the oxide, 
and is an impediment to the fpeedy formation and fe- 
paration of the fulminating fiiver; and an experimenter 
who has often ufed twenty grains of the oxide to pro- 
duce fuccefiive pellicles of fulminating fiiver, 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. 

Dillilled 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- 
moniaeal liquor, equal in bulk to a quarter of an ounce 
of water, was placed in a fmall bottle, and 24 grains of 
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the oxide of fiiver, ground to fine powder, were added. Fumflion 
The bottle, being almoft filled, was corked, to prevent ^1 
the formation of that film which ufually appeared in 
confequence of the exhalation of the ammoniac in other 
experiments. 

During the foiution of the oxide, bubbles of the ga- 
feous kind arofe from it, and the foiution 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 foiution 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 foiution into as many fmall veffels, and 
to weigh the refiduary black powder, after allowing two 
hours more for the foiution. 

On the fixth hour he took his ufual precaution of 
wearing fpe£lacles; and obferving that a fmall quantity 
of black powder ffill remained undiffolved, and that no 
film was yet formed at the furface, he took the bottle 
by the neck to ffiake it; knowing that it might explode 
by the heat of his hand, if he were to graip it, and that 
the exploiion in this circumftance might wound him 
dangeronfiy. 

In the inftant of (baking, it exploded with a report 
that dunned him. The bottle was blown into frag- 
ments fo fmali as to appear like glafs coarfely powder- 
ed. The hand which held it was impreffed as by the 
blow of a great hammer, and lod the fenfe of feeling 
for fome feconds ; and about 52 fmall grains of glafs 
were lodged, many of them deeply, in the (kin of the 
palm and fingers. The liquor dained his whole drefs, 
and every part of the (kin that it touched. Thus it 
appeared that fulminating fiiver may be made which 
will explode even when cold and wet, by the mere di- 
durbance of the arrangement of its parts, in the aque- 
ous fluid. 

In fubfequent experiments, privately and carefully 
condu&ed, 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 hulk 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 indanee of the pofiible 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 foiution of the phenomena of Rupert’s 
drops. 

FUNCTION, a term ufed in analytics for an alge- 
braical expreffion, anyhow compounded of a certain 
letter or quantity with other quantities or numbers ; 
and the expreffion is faid to be a function of that letter 
or quantity. Thus a — qx, or ax 4- 
or 2* — a V a1 —x1, or xc, or rx, is each of them a 
fun&ion of the quantity x. 

FURD-y-Huckeecut, in Bengal, fignifies a paper 
of defeription. 

FuRD-y-Sowal, paper of requeft. 
FUST, in archite&ure, the fhaft of a column, or the 

part comprehended between the bafe and the capital,, 
called alfo the naked0 
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Gaguedi. GAGUEDI, a tree peculiar to Lamalmon, In Abyf- fufcd, till at laft, when arrived at its full perfeaion Oaguedi 

fima, is thus defcwbed by Mr Bruee. The leaves they range themfelves parallel to the lips of ^he calyx’ 
and perpendicular to the ftamina, in the fame order as 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 (hut 
before the flower arrives at perfeftion. The Bower 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 alio. 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- 

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 {file is plain 
Ample, 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 itfelf towards the fun in the fame manner as 
does the funflower. When the branch is cut, the flower- 
dries as it were inflantaneoufly, fo that it feems to con- 
tain very little humidity. 

G A L V A N I S M. 

Galvan ifm 
improperly 
called ani- 
mal ele Uti- 
lity, 

Bifcovery 
•f galva- 
*ifm. 

3 
Objedl of 
*his article, 

ALA ANISM is the name now commonly given to 
v-'r the influence difcovered 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 electricity. We prefer the former name, 
becaufe we think it by no means proved that the phe- 
nomena difcovered by Galvani depend either upon the 
dearie fluid, or upon any law of animal life. While 
that is the cale, it is furely better to diftinguifh 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 
objea of which was to demonftrate, if poffible, the de- 
pendence of mufcular motion upon eledtricity. In the 
courfe of this inveftigation, he had met with feveral new 
and ftriking appearances which were certainly ekarical; 
foon after which, a fortunate accident led to the difeo- 
very of the phenomena which conftitute the chief fubjea 
of this article. The flrong refemblance which thefe 
bore to the ekarical h&.s which he had before obfer- 
ved, led almofl irrefiftibly to the concluflon that they 
all depended upon the fame caufe. This opinion he 
immediately adopted ; and his fubfequent experiments 
and reafonings were naturally direaed to fupport it. 
The fplendor of his difeovery dazzled the imaginations 
of thofe who profecuted the enquiry; and for fome time 
his theory, in fo far at leaft as it attributed the whole 
to the agency of the dearie fluid, was fanaioned by 
univerfal approbation. Of late, however, this opinion 
has rather loft ground ; and there are now many philo- 
fophers vyho confider the phenomena as totally uncon- 
neaed with elearicity. 

We propofe, in the jirjl place, to enumerate the chief 
fads which have been afeertained on the fubjea; we 
fhall then enquire, whether or not the caufe of the ap- 
pearances be the dearie fluid; and, thirdly, we fhall ex- 
amine how far it has been proved that this caufe is ne- 
ceflarily conneaed with animal life. 

Whilft Galvani was one day employed in difl'eaing a 
frog, m a room where fome of his friends were amuflng 
themfelves with ekarical experiments, one of them ha- 

ving happened to draw a fpark from the conduaor at 
the fame time that the profeflbr touched one of the 
nerves of the animal, its whole body was inftantly fhaken 
by a violent conyulhon. Aftonifhed at the phenomenon, 
and at hrft imagining that it might be owing to his ha 
vmg wounded the nerve, he pricked it with the point 
of his knife, to aflure himfelf whether or not this was 
the cafe, but no motion of the frog’s body was prodn- 
eed. He now touched the nerve with the inftrument 
as at Aril, and d.refted a fpark to be taken at the fame 
time from the machine, on which the contradions were 
renewed. Upon a third trial, the animal remained mo- 
tionlefs ; but obfervmg that he hdd 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 ele&ric fub’ 
itance. 

After having made a great many fimilar experiments 
with die eleancal machine, he refolved to proi'ecute the 
ubjed with atmofpheric eledricity. With this view 

he raifed a condudor on the roof of his houfe, from 
which he brought an iron wire into his room. To this 
he attached metal condudors, conneded with the nerves 
of the animals defttned to be the fubjeds of his experi 

Td the floor'" Th’ r1'8’ ^ ""'res ''b reach.' ed the floor. Thefe experiments were not confined to 
frogs alone. Different animals, both of cold and warm 
blood were fubjeded to them; and in all of them con- 
fiderable movements were excited whenever it hVhtned 
1 heft preceded thunder, and correfponded with its in* 
tenfity and repetition ; and even when no lightning ap. 
peared, the movements took place when any ftormy 
cloud paffed over the apparatus. That all thefe apnea/ 
ances were produced by the eledric fluid was obvious * 

. Havl"? ,foon ^ fufpended fome frogs from the iron pahiades which furrounded his garden? by mean! 
o metallic hooks fixed m the fpines of their backs, he 
obfeived that their mufcles contraded frequently ard 
involuntarily as if from a fltock of eledricity. 7 Not 
doubting that the contradions depended on tlA i xi • 
fluid, he at firft fufpeaed that S,"y telVco,Sd 
iv.th changes m the Hate of the atmofphere. He loon 

4 Qj2 foupd, 
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found, however, that this wa§ not the cafe; and having 
varied, in many different ways, the circumiiancos in 
which the frogs were placed, he at length difcovered 
that he could produce the movements at pleafure by 
touching the animals with two different metals, which, 
at the fame time, touched one another either immediate- 
ly or by the intervention of fame otheriubftance capa- 
ble of conducting ele&ricity. 

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 fubjedt. 

Lay bare about an inch of a great nerve, leading to 
any limb or mufcle. Let that end of the bared part ^ 
which is fartheft from the limb be in clofe contadf with 
a bit of zmc. Touch the zinc with a bit of iilver, 
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 wdtb a piece of zinc, and 
touch, with a piece of filver, either the bared nerve, or 
the limb j no convulfion is obferved, till the zinc and 

4 filver are alfo made to touch each other. 
Has enga- A faCt fo new, illuftrated by many experiments and 
ged much much ingenious reafoning, which Profeffor Galvani 
fcientific foon pubij^e{]} cou}j not tail to attraCl the attention of 
attention. pbyp10]0g|tt8 aU over Europe ; and the refult ot a vafl 

number of experiments, equally cruel and furprifing, 
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 
moft convenient fubjeCts for thefe experiments, as they 
retain their mufcular irritability and fufceptibility of the 
galvanic influence very long. Manyr hours after they 
have been decapitated, or have had their brain and 
fpinal marrow deftroyed, ftrong convullions 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 diftinCt 
movements have been produced in frogs pretty far ad- 
vanced in the procefs of putrefaction. Different kinds 
of fiflies, and many other animals both of cold and 
warm blood, have been fubjefted to fimilar experiments, 
and have exhibited the fame phenomena; but the warm 
blooded animals lofe their fufceptibility of galvanifm, as 

c of every other ftimulus, very foon after death. 
The metals. Almoft any two metals will produce the movements; 

but, it is believed, the moll powerful are the following, 
in the order in which they are here placed : i. Zinc ; 
2. Tin ; 3. Lead; in conjunction with, 1. Gold; 2. Sih 
ver; 3. Molybdena ; 4. Steel; 5. Copper. Upon this 
point, however, authors are not perfectly agreed. 

The procefs by which thefe Angular phenomena are 
produced, coniifts in effecting, by the ufe of the exci- 
ting apparatus, a mutual communication between any 
two points of epntaCt, more or lefs diftant from one 

another, in a fyflem of nervous and mufcular organ?. 
The fphere of this mutual communication may be re- 
garded as a complete circle, divided into two parts. g 
That part of it which confifts of the organs of the Animal and 
animal under the experiment, has been called the ««/’. excitatory 
mal arc ; that which is formed by the galvanic inftru*arc3, 

ments has been called the excitatory arc. The latter 
ufually confifts of more pieces than one ; of which fome 
are named Jlays, braces, &c. others communicators, from 
their refpeCtive ufes. _ > 7 

A very numerous train of experiments on galvanifm Experi- 
has been made by a committee of the Phyfical andMathe- 
matical Clafs of the National Inttitute of France; and [nftitut

e
e

r‘c 

as their report comprehends a vaft number of the moil 
important faCts which are yet known on the fubjeCt, 
we fhall prefent our readers with the fubflance 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 claffification, by means of which 
a more diftinCt knowledge of the fubjeCt is obtained at 
one view. The faCts are arranged under thefe fix heads. 
\Jl, 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. ^d, Circumftances not 
entering into the compofition of the galvanic circle, 
which, neverthelefs, by their influence, modify, alter, 
or entirely prevent the fuceefs of the experiments. 4th, 
Means propofed for varying, diminifhing, or reftoring 
the fenfibility to galvanifm. 5th, Attempts to compare 
the phenomena of galvanifm with thofe of eleCtricity. 
6th, Additional experiments, performed by M. Hum- 
boldt, in the prefence of the members of the committee; 
which have a reference to feveral of the proofs ftated in 
the foregoing articles. g 

I. To the number of twenty experiments were made On the ani- 
on the animal arc. The firft feven of thefe were di- mal arc. 
reded to afeertain the relations between the nerves and 
thofe mufcles over which they are diftributed. In the 
laft thirteen, the nerves were cut afunder, or fubjeCted 
to ligatures ; the fe&ion 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 fubjeCts 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, diftinCt from thofe 
parts. And, in feme of the experiments, the animal 
was without the Ikin and the epidermis. 

The following are inferences which have been deduced 
from thefe experiments : ^ 

1. The animal arc may confift either of nerves and inference*, 
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, I* ourcroy, 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 proportion. Dr Fowler was at firft. led to think that 
contractions could be excited in a limb without the metals having any communication with it, except through 
the medium of the nerve. Recolle&ing, however, that a very fmall quantity of moifture ferves as a conductor 
ef galvanifm, he fufpeCted, and our opinion perfectly coincides with his, that in every cafe where contractions 



nimal arc ; for the muffles are always more or lefs in- 
terfe&ed by the nerves j and are, confequently, in part, 
a nervous organ. 

3. All the parts of the animal arc muft 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. 1 he fedtion or ligature of a nerve interrupts not 
the galvanic phenomena, if the parts which are cut a- 
funder 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 ftill mutually contiguous. 

6. If the integrity or galvanic fufceptibility of the 
animal arc be fufpended by the feparation of any of its 
parts to fome diffance from one another, it may be 
reftored by the interpofition of fosne fubftances, not of 
an animal nature, between the divided parts. Metallic 
fubftances are in particular fit for this ufe. But the 
mutual contiguity of all the fubftances entering into 
the compofition of the arc muft ever be carefully pre- 
ferved. Mr Humboldt difcovered that a bit of frefh 
morelle [Helvetia mitra Linn.) will fupply the place of 
a part of the nerve. 

7. The mufcular organs which indicate, by contrac- 

GALVANISM. 
tion, the prefence of the galvanic influence, are always 
thofe in which the nerves of a complete animal arc have 
their ultimate termination. 

From this it follows, that the mufcles affe&dd by 
galvanifm are always thofe correfponding to that ex- 
tremity of the arc which is the moil remote from the 
origin of the nerves of which it is compofed. 

8. When all the nerves of the animal arc originate 
towaids one of its extremities, then only thofe mufcles 
which correfpond with the oppofite extremity are fuf- 
ceptible of galvanic convulfions. 

9. When an animal arc confifts of more than one 
fyftem of different nerves, which have all their origin 
about the middle of the arc, then will the mufcles of 
thefe feveral fyftems of nerves be moved alike at both 
the extremities of the arc. 

10. It feems likewife to appear, from a variety of 
thefe experiments, that the opinion of thofe is inadmif- 
iible, who afcribe the phzenomena 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 phamome- 
na, to thofe between the interior and the exterior coat- 
ing of the Leyden phial. 

11. It appears, laftly, that the covering of the epi- 
dermis, in the entire animal body, a£ls as an obftacle 
to the decifive difplay of the effects of galvanifm ; and 
  that. 
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are produced in a limb without any apparent communication between the metals and the mufcles, except throuo-h 
the medium of a nerve, the communication is in fa& completed by the moifture upon the furface of the nerve. 
In this cafe, the animal arc may be confidered as confifting of three pieces, difpofed in the folio wine order - the* 
nerve, the mufcle, and the w-ater 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 
been uetached from furrounding parts, is either carefully wiped quite dry with a piece of fine muflin or Heft 
thisihould be thought to injure its ftruaure) fuffered to remain fufpended till its moifture has evaporated 
no contractions can be excited in the mufcles, to which it is diftributed, by touching it alone with any two 
metals in contadl with each other ; but if it be again moiftened with a few drops of water, contradlions in- 

antly take place. And, in this way, by alternately drying and moiftening the nerve, contra&ions may at 
plealure be alternately fufpended and renewed for a confiderable time. It may, indeed, be contended that the 
moifture foftened, and thus reftored elafticity and free expanfion to the dried cellular membrane furrounding the 
fibres, of wmch the trunk of a nerve is compofed; and thus, by removing conftraint, gave free play to their 
organization. & r 

But ftom obferving, that in every other inftance where contra&ions are produced by the mutual contadl of 
the metals, a conducing fubftance is interpofed between them and the mufcles as well as between them and 

nerve 5 1 Jhink it would be unphilofophical not to allow, that, in the inftance in queftion, the moifture ad- 
fienng to the lurface of the nerve, formed that requifite communication between the metals and the mufcles 13 

We know of no accurate experiment by which it has ever been fhewn, that contraaions can be produced in"a 
hmb without a communication being eftablifhed between the metals and nerve, and again between the mufcles 
and the metals, either direaiy, or through fome medium capable of conducing galvanifm. 

1 o remove the only objeftion which can be made to Dr Fowler’s experiment, and of which we have feen that he 
was hwnielf aware, namely, that the nerve while dry is incapable of performing its functions, we repeated it in 
the following manner: A fmall, but vigorous and lively, male frog was decapitated, and the fciatic nerve being 
laid bare from the knee upwards, was cut through where it paffes out of the pelvis. Fifteen minutes after the 
head was cut oft, the nerve having been cautioufly feparated from the furrounding parts, and coated with tinfoil 
m the uiual manner, a iilver probe was applied to it and its coating, without any other communication with the 
mufcles, and ftrong ,contra6hcns took place in the leg. The nerve was now very carefully dried with a niece 
of fine linen, and the probe was applied as before to the tinfoil and the nerve ; no movement whatever took 
place. 1 lungs remaining precifely in this fituation, one end of the probe being ftill in contaft with the nerve 
and its coating, the other-end was applied to the mufcles of the thigh, and the leg immediately contrafted as 
ftrongly as ever. Upon moiftening the nerve, the contraftions were again produced by applying the orobe to 
the nerve and tinfod alone. We find from this experiment, which we have feveral times repeated with the 

Frf°ftly decide of'the que^oV “ ’ ““ ““ ^ nCr''e retainCj ^ fUnai°n3 comP,etc,y- This appears to ua 



67S 

io 
'Experi- 
ments' on 
the excica 
tory arc. 

GALVANISM. 
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 contact with the nerve ; the other muit 
touch the mufcle ; and the third mull form the mean 
of communication between thefe two. This arrange- 
ment, though not indifpenfably neceffary, is at leail the 
•moft convenient. 

In refpedT to the excitatory arc, the committee exa- 
mined, ill, The application of metallic fubflances to 
form it : in refpeCl 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- 
lic 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 refpedf to galvanifm, of metals differently minerali- 
zed. 2dly, The effedts of the ufe of carbonic fubhan- 
ces in forming the excitatory arc. 3dly, The effects 
in the fame formation, of bodies, which are either non- 
condudlors, or elfe very imperfedt conductors of elec- 
tricity, fuch as jet, afphaltus, fulphur, amber, fealing- 
wax, diamond, &c. 4thly, The confequences of the 
interpofition of water, and of fubifances moiilened with 
water, between the different parts of the excitatory 
arc. In forming their excitatory arcs, too, they made 
thernfelves the chord of the arc ; they introduced into 
it animal fuhhances 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 fkin. They made, likewife, fome ex- 
periments forthe purpofe of afcertaining 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 effedts 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 fubflance of thofe 
general truths, which their authors were led to infer 
from them. n 

1. The excitatory arc pofTeffes the greatefl power of hiferenccj, 
galvanifm, when it is compofed of at kail three diflindl 
pieces ; each of a peculiar nature : the metals, water, 
and humid fubftances, carbonaceous matters, and ani- 
mal fubftances, flripped 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 
deflitute of exciting energy, even when it confifls but 
of one piece or of feveral pieces, all of one proper fub- 
ftance (c). In general it mull be owned, identity of 
nature in the conftituent pieces, and particularly in the 
fupports forming the extremities of the arc, diminifhes, 
in a very fenfibk manner, its galvanic energy. 

3. The flightefl difference of nature induced upon 
the parts, whether by any feeble alloy, or by fridlion 
with extraneous fubflances, 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 defedlive. 

4. As the animal arc is fufceptibk of being in part 
made up of metallic fubilances, 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 kafl by the feparation of thefe 
parts to a certain diftance. 

6. Even the fmalkfl 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 flightefl 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 kfs perfedl condudtors of galvanifm than their correfponding reguli, to make 
ufe of an antiquated expreffion. It appears to us, that in all cafes where one metal appears to adl, more efpeci- 
ally where fridlion 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 adlivity by dellroying the homogeneity of its nature. We do not find that this circurnflance 
has been in general fufficientiy attended to. Dr Wells having difeovered that charcoal adts powerfully as an 
exciter when applied along with a metal, found that by fridlion it alfo can be rendered capable of adling fingly. 
What change is thus produced in it we can only coujedlure ; but that it is fomething which deflroys the iden- 
tity of its flrudlure, rendering it in fome meafure a heterogeneous fubflance, mufl 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 exadtly purified ; 
he placed the whole near a warm flove, in order that the entire mafs might aflunie 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 manifefled ; but as foon as the mufcular bundle and the nerve touched the mercury together, 
they fell into convulfions fo brifk, that the fkin was extended as in an attack of tetanus. This is by far the 
moll 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 neceflary, and that a fingk metal often derives adlivity from circum- 
flances fo flight, that we could not a priori have expedled that they were capable of producing any change ; we 
feel ourfelves compelled to conclude, that in M. Humboldt’s experiment fome fimilar very flight circumftance 
had efcaped unobferved j perhaps fome gilding, or ornaments with metallic colours, in a Hate of oxidation. 5 
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to join the parts of the excitatory arc, and to deter- 
mine their effects upon the animal arc. 

7. The influence upon the ftate 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 ftate of the hygrometer, 
and of other meteorological inftruments, muft be vigi- 
lantly infpe&ed during their progrefs ; and the influence 
of the perfons making the experiment upon the fphere 
within which it is made, muft 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 comparifon 
of the effects of the flefh of animals, with or without 
the epidermis, and of the different effedls of this epi- 
dermis, when it is wet and when it is dry, appear to 
fuggeft to us, that the epidermis is one of thofe fub- 
ftances which diminifh or interrupt the efficacy of the 
excitatory arc. The epidermis is, as well as the hairs 
and briftles of animal bodies, among the number of 
thofe fubftances which deferve the appellation of idio- 
elellrics. 

Examine the fubftances which are fit for the forma 

mencement of the mutual contaft, or of its ceffation. 
But when the frog is fatigued, the effedfs are diffe- 
rent. Thefe fucceffive experiments likewife affeff the 
refults of one another, by means even of their fuccef- 
fion folely. And they are alfo naturally fubjeft to be 
influenced by the nature of the media amidft 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. j J 

In many cafes the galvanic energy is excited by Inferences 
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tion of the excitatoryarc,and you will find that the great- 
er part of thofe which have been fuccefsfully put to this 
ufe are fubftances capable of adling as condudtors of the 
ele&rical fluid j but that the fubftances which interrupt 
the operation of galvanifm are generally fuch as are well 
known alfo to refift the tranfmiffion of ele&ricity. 

10. Laftly, 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 
rnentsrela- care anc] difcernment in experiments upon thofe cir- 

cnmftances cum^ances which, though different from the ftrutture 
different galvanic circle and its two conftituent arcs, have, 

however, a dec'ifive influence upon the exhibition of the 
ph/tncmena of galvanifm. Some curious obfervations 
were made on the differences in the ftate of the parts 
expofed to the galvanic aftion. It was afcertained, 
that frogs frefh from the ditches did by no means ex- 
hibit the fame phaenomena as thofe which had been 
during fome days preferved in the houfe ; nor did the 
limbs of animals, when recently ftripped of the fldn, 
prefent the fame appearances as after they had been 
fubjefted to a variety of galvanic experiments ; nor 
were the fame effects to be produced upon the parts of 
animal bodies which, after a certain number of trials, 
had been left for a while at reft, and then taken up a- 
gain, as upon thofe w'hich had been fubjedted to one 
continued train of experiments.. The committee next 
examined the variations in the fuccefs of the experi- 
ments upon a ftrong lively frog, which may be pro- 
duced by varying the mode in which the communicator 
is carried from the one fupporter to the other : when the 
communicator is brought into contadi with the fup- 
porter, or is withdrawn from adtual contadf with it ; 
when the communicator is brought flowly, or when it is 
brought rapidly, into contadb with the fupporter; the 
effedls are nearly the fame: and a fmart convulfion is, 
k all thefe cafes, produced at the moment of the com- 

exercife, is exhaufted by continued motion, is renova- 
ted by reft. 

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 rejedting 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 circumftances. 

3. This is remarkably confirmed by a fadt, 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 refting, feemingly, without change of pofition, ftill 
upon the fame point of contadl, there is known to take 
place a real change in the galvanic contadf, although 
the communicator have remained thus apparently mo- 
tion lefs. 

From this, it may be farther inferred, that the fmal- 
left poffible change in the relative fituations of the 
parts of the galvanic circle and the excitatory arc, is 
capable of producing an effedt upon the fufceptible a- 
nimal, and of occalioning miftakes in regard to the fuc- 
cefs of the experiment, if the utmoft care be not ta- 
ken to notice and eftimate 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 affedied by the ad- 
vancing or the withdrawing of the communicator. For 
thefe experiments fully evince the neceffity for the moll 
vigilant obfervation of every movement in the procefs of 
an experiment, not only colledlively, but in their fuc- 
celfion, and at the different periods of the operation. 

5. It ftiould 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 difpo fit ions ; of which fome not only 
augment or diminilh the energy in the prefent inftance, 
but, befides, difpofe the animal to a greater ora fmaller 
fufeeptibilhy, under fubfequent experiments. 

6. In order to accuracy of experiment, and to the 
corredt afeertaining of the effedts of an experiment, it 
is of great importance to know the precife ftate of the 
animal, the manner in which it has been preferved and 
fuftained to the prefent moment, the ftate of the at- 
mofphere, particularly as it is indicated by the hygro- 
meter, by the barometer, the thermometer, and tire 
eledlrometer. 

7. It were to be wiflied, that in making a ftatement 
of experiments of different forts, thefe fhould 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 precife degree of the galvanic 

fufccptibililyy 
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GALVANISM, 
fufcepti'bilky of any animal in this or that particular 
ftate or pofition, fhould direft us in fubjefting every 
fuch animal only to experiments fuitable to its particu- 
lar fufceptibility ; fhould enable us to eltimate, from 
the efficacy or inejjicacy of our experiments, the galvanic 
value of the circumftances in which we every day find 
ourfelves, and fhould enable us to judge when the fuc- 
cefs or mifcarriage of an experiment can afford room 
for certain conclufions abfolutely negative or affirma- 
tive. 

IV. In their experiments upon the means of varying) 
diminjhing, and renewing the fufceptibility of animal la- 
dies to the influence of galvanifm, the committee exa- 
mined, 1 ft, the influence of electricity upon that fuf- 
ceptibility ; 2d, the effeCts 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 
afcertain 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 fome were reduced into the 
ftate of afphyxia by fubmerfion, fome by ftrangulation, 
fome by the aCtion of gafes, while others were killed 
in vacuo by the difcharge of the eleCtric fpark. In that 
fuffocation which was produced by fulphurated hydro- 
genous gas, by carbonic vapours, and by fubmerfion, in 
vdiich the animal was fufpended by the hinder feet, the 
galvanic fufceptibility was entirely deftroyed. The gal- 
vanic fufceptibility was only fufpended by fuftocation 
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 perifhed 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 alfo 
when the fuffocation was occafioned by ftrangulation, 
by the abftraftion of the air in the air-pump, or by 
difcharges from an electrical battery. The refults of 
the experiments at the medical fchool fuggefted the 
following reflections : 

. 1. Though it be true that all cafes of fuffocation re- 
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 
circumftances, they are fubjeCt to great differences, a- 
rifing from diverfity 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 effeCts. 

3. One of the moft remarkable changea not confined 
to the organs of refpiration, confifls in the alterations 
produced on the galvanic fufeeptibiiity. In that re- 
fpeCt 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 contraCl 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 aft upon all parts of the mufcular fyftem in the 
fame manner ; but the heart is very often found in a 
ftate extremely different from that of the other mufcles. 16 

V. The comparifon between the phenomena of galva- Com par i- 
nifm and thofe of electricity is perhaps one of the meft the 

interefting objefts of attention in the whole body of£fgajva 
animal plryfiology. It is well known that Galvani wasnifm with 
accidentally led to his difeovery by obferving the mo-c" 
tions of fome frogs, at a certain diftance from an elec- 
trical machine difeharging fparks. The committee from 
the inftitute made, therefore, fome attempts to afcer- 
tain the relations between eleftricity and galvanifm. 
Having firft paid due attention to the fufceptibility of 
animals toward the influence of eleftricity, they then 
fought to difeover to wffiat precife degree animals di- 
verted of the natural covering of the epidermis were 
liable to be affefted by the variations of the eleftrical 
fluid in the atmofphere around them. Next, comparing 
the fufceptibility of eleftricity with the fufceptibility 
of galvdt’iifm, they perceived that quantities of the elec- 
trical fluid, fuch as are ftill capable of being very accu- 
rately meafured by the eleftrometer, are, however, of- 
ten too weak to aft upon a tro^ that retains the moft 
perfeft feniibility to all the energy of galvanifm. The 
members of the committee purpofe to profecute farther 
their experiments upon this part of the iubjeft. 

VI. The following are the general refults of the ex-Refaltsof 
periments made by M. Humboldt in the prefence of*';111’' exPe- 
the committee : Humboldt^ 

1. There is no truth in the aflertion of certain phy- 
fiologifts, that the experiments of galvanifm fail wrhen 
tried upon the heart and thofe other mufcles of which 
the contraftions depend not upon volition ; for thefe 
organs have been found to be aftually fubjeft to the 
influence of galvanilm (d). 

2. The effefts of galvanifm are liable to be inter- 
rupted by the conftriftion of a nerve, whenever both 
the nerve and the conftrifting 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 conduftors of eleftricity, yet interrupt the 
motions of galvanifm. 

M. Plumboldt had performed alfo other experiments 
which. 

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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wliicli, 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- 
ers will perceive that this interefting fubjeft is ftill ve- 
ry imperfectly underftood, and will form fome idea of 
the importance of the difcoveries which a diligent pro- 
fecution of it promifes to the philofopher and the phy- 

18 ftcian. 

^vanifm Tiie e^c<^s galvanifm upon fome of the organs of 
upon 1'ome fen^e are no h■'iking than thofe which we have feen 
of the or- capable of producing upon the muicles. 
pans of If the upper and under furfaces of the tongue be 
fenk. coated with two different metals, and thefe be brought 

into contact, 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 flrong and difagreeable. Dr 
Fowler thinks it is ftrongeft with zinc and gold ; to us 
it appears a good deal flronger with zinc and iilver. It 
is fenfibly ftronger when the zinc is applied to the up- 
per, and the fllver to the under furface of the tongue, 
than when this order is inverted. The fenfation is moft 
diftindt 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 lelfens the effea. Mr Sublir of Berlin, in 
Ins Theorie des Plaifers, p. 155, (publifhed in 1767) 
takes notice of the difagreeable tafte produced by fil- 
ver and lead in contaa upon the tongue. This is the 
firlt^ in fiance 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- 
taa with the tongue before they are made to touch 
each other, that the tafte of the metals themfelves may 
not be confounded with the fenfation produced by their 
mere contaa. Whatever has a tendency to blunt the 
fenfibility of the tongue, as opium, alcohol, acids, and 
the like, diminifhes the effea of the metals. 

It is difficult to defcrihe the fenfation thus produced 
accurately. It has been called fubacid; but we think 
it more nearly refembles the effea produced by allow- 
ing a grain or two of nitre to lie upon the tongue for 
fome time, than any other tafte with which we are ac- 
quainted. ^Joined to this, there is evidently a metallic 
tafte, which varies with the metal employed ; but we 
are inclined to confider this as the ordinary effea of 
the metals upon the tongue, which cannot he perfeaiy 
diftinguifhed from that occafioned by their mutual con- 
taa. 

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 find (fays 
he), that if a piece of zinc be applied to the tongue, 
and be in contaa with a piece of lilver 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, 
mg the filver to the tongue, the irritation produced by 
the zinc is not fenfible, except in the mouth and the 
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urethra, and is very flight. I find the irritation by 
the zinc ftrongeft when the contaa is very flight, and 
confined to a narrow fpace, and when the contaa of 
the filver is very extenfive, as when the tongue is ap- 
phed to the cavity of a filver fpoon. When the zinc 
touches in an extenfive furface, the irritation produced 
by a narrow contaa of the filver is very diftina, efpe- 
cially on the upper fide of the tongue, and along its 
maigin. This irritation feems to be mere pungency, 
without any refemblance to tafte, and it leaves a lafting 
impreiiion 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 poffible, the ir- 
ritations produced by bringing their outer ends into 
contaa are very ftrong, and that by the zinc refembles 
tafte in the fame manner as when applied to the tongue.” 

M. Volta found, that when a tin cup, filled with au 
alkaline liquor, is held in one or both hands previoufly 
moiftened with water, if the point of the tongue is dip- 
ped in the liquor, an acid tafte is perceived. This is 
at fit ft diftina 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 iniipid 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 
was 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 diftina and very ftrong 
aoid tafte was immediately perceived. 

If one of the metals be applied to the tongue, and 
the other to the ball of the eye, a pale luminous flafh 
is perceived when they are brought into contaa with 
each other, and the fenfation refembling tafte is at the 
fame time produced in the tongue. A flalh 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. 1 In’s experiment requires a 
good deal of attention in the performance; care muft 
be taken not to prefs the piece of metal againft the ball 
or the eye, left a flaflr fhould be produced by the mere 
mechanical preffure. It fhould be cautioufly introdu- 
ced between the eye-lids, till it juft touch any part of 
the ball; and it ftiould be allowed to remain in that fi- 
tuation for fome time before it is brought into coin a 61 
w ith the other piece of metal, that the parts may be fo 
far accuftomed to it as to admit of the ienfations pro- 
duced being properly attended to. The experiment fue- 
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 muft be 
finely polifhed, othervviie the mechanical irritation is 
fometimes fo great as to prevent the flafh from being 
perceived. Dr Robifon has obferved, that the bnVht- 
nefs of the flafh correfponds with the extent of contact; 
of the metal with the tongue, palate, fauces, or cheek. 

If a piece of one of the metals be placed as high up 
as poffible between the gums and the upper lip, and 
the other in a fimilar fituation with relped to the un- 
der lip, a very vivid flafh of light is obferved at" the 
moment that they are brought into contaft, and ano- 
ther at the inftant of their feparation. While they re- 
main in contadt, no flafh is obferved. ^ 

When a tod of filver is thruft as far as poffible up 
4 R one 
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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 correfponding eye at 
the inttant of contaft. We have fometimes imagined 
that the flafh in this experiment was produced before 
the metals attually touched ; but in this we may have 
been deceived. 

The follo.vving cui ious experiment was firll made by 
Profefibr 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. Thruft in a rod of 
zinc between the zinc and the cheek, and a rod of fil- 
ver between the filver and the other cheek. hiring 
their outer ends (lowly into contadl, and a fmart con- 
vuliive 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 diftin&ly perceived before 
contadf, and a fecond time on feparating the ends of 
the rods, or when they have again attained what may 
be called the Jinking dijlance. If the rods be alternated, 
no effedf 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 diflindf, and 
fomewhat painful, but quite different from the fenfa- 
tion produced by an eleftric fhock. If the edges of 
the tongue be allowed to touch the plates of metal in 
the cheeks, the fenfation refembling tafte is felt very 
llrongly ; but this does not in the leaft impair the o- 
ther effedls of the experiment. 

No method has yet, we believe, been difcovered of 
applying the galvanic influence fo as to affedf 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 affedkd 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 contact, a very fmart irritation will be felt 
at the wound. 

Some very Angular fafts of this kind have been dif- 
covered by M. Humboldt, who had the refolution to 
make himfelf the fubjedl of many well-devifed experi- 
menis. One of the moll remarkable of thefe is the fol- 
lowing : He caufed two bliftering plafters to be applied 
on the deltoid mufcle of both his awn flioulders. When 
the left bliiler was opened, a liquor flowed out, which 
left no other appearance on the Ikin than a flight varnilh, 
which difappeared by wafhing. The wound was after- 
wards left to dry up : this precaution was neceflary, in 
order that the acrid humour which the galvanic irri- 

tation would produce, might not be attributed to the 
idiofyncrifis. of the velfels. This painful operation was 
fcarcely commenced on the wound, by the application 
of zinc and lilver, before the ferous humour was dif- 
charged in abundance ; its colour became vifibly dark 
in a few feconds, and left on the parts of the Ikin where 
it palfed traces of a brown inflamed red. This humour 
having defcended towards the pit of the ftomach, and 
Hopped 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 walked, ap- 
peared of a bluilh red. The inflamed places having 
been imprudently walked with cold water, increafed fo 
much in colour and extent, that M. Humboldt, as well 
as his phyfician Dr Schalleru, who afiifted at thefe ex- 
periments, entertained fome apprehenfion for the confe- 
quences. _ _ 1 

Having now taken notice of the principal fa&s that 
are hitherto known in galvanifm, we proceed to confi- 
der fome of the leading opinions on the fubjedl. ^ 

The firft writers upon the difcovery of Galvani feernPhen .me- 
almoft univerfally to have taken it for granted, that the^^f^aln“ 
phenomena depend on the ele&ric fluid; and leaving thiSp ^ t^fe> 
very important queftion behind them,, proceeded to ex-fu[t froma» 
plain how this fluid produces fuch elfedls. The celebra-le&ricity; 
ted difcoverer of this influence bimfelf confiders a muicle 
as the perfedl prototype of a Leyden phial. When a 
mufcle contracls upon a conne&ion 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 efteft, the inner and 
outer parts of the mufcle contain different quantities of 
the ele&ric fluid ; that the nerve is confequently in the 
fame Hate, with refped to that fluid, as the internal fub- 
ftance of the mufcle ; and that, upon the application of 
one or more metals between its outer furface and the 
nerve, an eledlrical difcharge takes place, which is the 
caufe of the contraction 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 condudlor. 

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 
eledlric fluid. We fhall not confider it minutely ; for 
we hope it will foon appear highly probable, if not cer- 
tain, that the ele&ric fluid has no fliare in the produc- 
tion of the phenomena in queftion. If this be the cafe, 
all the different modifications of that theory muft of 
courfe fall to the ground. At prefent we fhall content 
ourfelves with afking the following queftions : 2Q 

1. How is it poflible for the ele&ric fluid to be con-Th;sfuppc« 
denfed in a mufcle, which is wholly furrounded by fub-htionill 
fiances capable of condufting that fluid ? . founded. 

2. If we fuppofe there is fome non-defcript non-con- 
du&ine fubftance placed between the external and in- 6 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 life, 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. Alfo, if we 
rub a caft fteel razor, and a common table knife confifting of iron and fteel welded together. This is furely 
owing to a caufe of the fame kind. 
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ternal paHs of a mufcle, w hich may admit of the one 
being pofitively, and the other negatively ele&rified at 
the fame time—how comes it to pafs that a difcharge 
does not take place, and a confequent contradtion en- 
fue, when any fubftance whatever, capable of conduc- 
ting the eledfric fluid, is interpofed between the nerve 
and the external furface of the mnfcle ? 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 mufcles. 

3. How does it happen, when one difcharge adhial- 
ly takes place, in confequence of the application of 
the excitatory arc, that the balance is not inilantly re- 
Itored ? 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 arrain 
difturbed. 

We have never feeh any anfwers to thefe queflions 
which appeared to us at all fatisfadfory ; and till we 
have feen them anfwered, we muft be excufed for diibe- 
lieving M. Galvani’s theory. 

One of the earlieft writers, and one of the moll 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 eledtri- 
city and galvanifm the fame. Let us confider the proofs 
by which he fupports this dodfrine. 

“ I have aflerted (fays he), that the nervous fluid is 
4I the fame with eledlricity, and with good reafon ; for 

Proofs by “ Subftances which condudt eledlricity are condudfors 
which Valli hkewife of the nervous fluid. 
totr port8 U Subftances which are not condudtors of eledlricity jtj 

1 'do not condudt the nervous fluid. 
“ Non-condudling bodies, which acquire by heat the 

property of conducing eledlricity, preferve it likewufe 
for the nervous fluid. 

“ Cold, at a certain degree, renders water a non-con- 
dudtor of eledlricity 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 eledlricity. 

“ The obftacles which the nerves, under certain cir- 
cumftances, oppofe to eledtricity, they prefent likewife 
to the nervous fluid. 

“ Attraction is a property of the electric fluid, and 
this attraction has been difcovered in the nervous fluid. 

“ We here fee the greateft analogy between thefe 
fluids ; nay, I may even add, the characters of their 
identity.” 

That there is a confiderable analogy between fome 
of the effects of the electric fluid and fome of the phe- 
nomena of galvanifm, we readily admit ; but that “ the 
characters of their identity” are anywhere to be found, 
we abiolutely deny. In the above paffage, Dr Valli 
confiders it as certain that the nervous fluid is the caufe 
of the phenomena difcovered 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 difcovered by Galvani. 

That bodies are, in general, conductors or non-con- 
ductors of galvanifm, according as they are conductors 
or non-conductors of electricity, we believe to be true ; 
but this rule is by no means without exception, as it 
certainly would be, if galvanifm and eleftricity were the 
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fame, "rfere is an experiment of Dr Fowler’s, which 
leems to fhew that wrater is a more powerful conduc- 
tor of galvanifm than mercury ; though the reverfe is 
generally allowed as to electricity. 

It the abdomen of a frog be filled with water, and a 
fdver piobe pafled through it fo as to touch the fciatic 
nerves, no contractions 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 w'ater, contrac- 
tions are produced as vigorous as if both the metals 
touched the nerve. Here the water ferves as a coh- 
ducting medium between the peives and the point where 
the metals touch each other: but if the abdomen be 
Idled with mercury inftead of water, no contractions 
aie produced by applying the lilver probe to the nerves, 
and touching the probe with the zinc at the furface of 
the mercury. \V e do not fee how this experiment can 
be accounted for, except by allowing that water is a 
more powerful conduaor 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 Inftitute of France, for faying that 
theie are fubltances which, though in an eminent manner 
conductors of ekdtricity, yet interrupt the motions of 
galvanilm. This is certainly fufficient. to take away all 
weight from Dr Valli’s two firft reafons for confidering 
thefe two fluids as the fame. viz. that all conductors of 
ele&ncity are likewife conductors of galvanifm ; and 
that all bodies which do not conducSt 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 ftriking analogy, though they would by no means 
deferve the appellation of “ characters of identity.” 

As to the Dodor’s two next propofitions, which re- 
gard 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 ieen that thefe 
are not univerfally true, we might admit that they are 
coired in this pat ticular, without weakening c>ur argu- 
ment. For this reafon we fhall 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 conducting power takes 
place beyond thefe points, it may with greater probabi- 
lity be afcribed 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 Valii 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 aflertion of ours as a fufficient proof thatgalvamfm 
and light are the fame. y1 

With regard to the next propofition, that “ the ob- 
flacles which the nerves, under certain circumftances, 
oppofe to eledricity, they prefent likewife to the ner- 
vous fluid j” we may remark, that any obftacle which 

4 R 2 deftroys 
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deftroys the fun&ione of a nerve completely, will pre- 
vent the mufcles which are fupplied by that nerve from 
contracting upon the application of any Itimulus what- 
ever (g). It does not, however, by any means follow, 
that the palfage of either the galvanic or the eledtric 
fluid is prevented. The nerves may itill be very good 
conductors of both, though the mufcle is deprived of all 
power of contracting. That there are obltacles, how- 
ever, which the nerves, under certain circumftances, pre- 
fent to the paflage of eleCtricity, but which they do 
not under the fame circumitances prefent to galvanifm, 
we think abundantly demonitrated by Dr Valli’s own 

43 experiments. 
Inconfiftent “ I have frequently obferved (fays he) that the legs, 
with his 0f the nerves had been tied at a certain diltance 

rirnents' C' ^rom t^ie mu^es> did 1'lot ^ tlie oi: a certain 
quantity of artificial eleClricity, 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 eleCtricity ? 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 flafh 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 difeovered 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- 
taCf. Dr Robifon’s experiment, too, in which the 
flafhes of light are diftinCtly obferved before the rods 
of iilver and zinc touch each other, is another proof of 
the fame faCt ; and, if we be not deceived, the fame 
thing takes place when a rod of filver thruft up the 
noftril is applied to a piece of zinc in contact with the 
tongue. But that it will only pafs through an exceed- 
ing thin plate of air, any man may convince himfelf 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 conductor ; but if, 
with a (harp pen-knife, an almoft imperceptible divifion 
be made acrofs the tinfoil, even this interruption of 
continuity in the conduftor will be found fufficient ef- 
fectually to bar the paifage of galvanifm. 

We find, then, that a quantity of the eledtric fluid 
which can pafs through a plate of air of the thicknefs 
of .035 of an inch, is obftruCted by a ligature upon a 
nerve, while the galvanic influence pafles readily along 
a nerve included in a ligature, but is obftruCted com- 
pletely by making an almoft imperceptible divifion in 
a good conductor. 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 two agents, fome 
other difference belides the mere degree of intenfity. 

We come now to the laft reafon which our author 

afligns for his belief that galvanifm, or, as he choofes 
to call it, the nervous Jluid, is the fame with eleCtricity. 
It will be found a very important one. That property 
by which bodies charged with the eleCtric fluid attraCt 
or repel other bodies, according as they are in the fame 
or the oppofite ftate of eleCtricity from themfelves, is fo 
ffriking, and at the fame time fo nniverfal, that it has 
been very properly adopted as the meafure of this fluid. 
If it were true, then, that the galvanic influence pof- 
ftffed the fame properties of attraction and repultion as 
the elcCtric fluid, this circumftance wxmld certainly in- 
creafe the analogy between them very much. As wTe 
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 affer- 
tion of our author is founded on error, and that the 
galvanic influence poffeffes in no degree whatever thofe 
properties of attraction and repulfion which have al- 
ways been juftly confidered as effential charaCteriffics of 
the eleCtric fluid, we fhall then be fully juftified in af- 
ferting, that thefe two agents, however much they may 
refcmble each other in fome lefs important particulars, 
are in their nature totally diftinCt and unconnected. 44< 

Let us examine the proofs by which Dr Valli’s af- 
fertfon is fupported. He tells us, that he obferved the)edge of ^ 
hairs of a moufe, attached to the nerves of frogs, by le&ricity. 
the tinfoil with which he furrounded them, alternately 
attracted 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 muff 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 eleCtricity as he fuppofes, never attraCt, but 
always repel each other. 

Dr Fowler, who has paid particular attention to this 
part of his fubjeft, has many times repeated this expe- 
riment, both in the manner 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 inftance been able to ob- 
ferve them agitated in the flighteft degree. He has 
made fimilar experiments upon a dog, and upon a large 
and lively Ikate, 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 contractions- 
produced in the fkate, by the contact of the metals,, 
were fo ftrong as to make tne animal bound from the 
table, not the leaft appearance of eleCtricity 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 pofiible without touching : 
but the threads were in nowife affeCted 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 contraction which mufcles are fufceptible of long after death, upon having their 
fibres mechanically irritated, which is produced by what phyfiologifts have called the vis infrtciy and which is per- 
fectly known to our cooks, as it was to their predeceflors in the Roman kitchens, as the foundation of the art of 
crimping. We at prefent confine ourfelves to contraction produced through the medium of the nerves. 
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Wellf, vvh?ch is publifhed in the London Philofophical 
Tranfaftions for 1795, that gentleman maintains the 
opinion, that the influence difcovered by Galvani is e- 
kftrical. hie admits, that it is not attended with thofe 
appearances of attra&ion and repulfion which are held 
to be the lefts of the prefence of ele&ricity ; but he 
contends, that “ neither ought fi^ns of attraftion and 
repulfion to be in this cafe prefented on the fuppofition 
that the influence is ekarical ; fince it is neceftary, for 
the exhibition of fuch appearances, that bodies, after be- 
coming electrical, fhould remain fo during fome fenfible 
portion of time; it being well known, for example, that 
the. palTage of the charge of a Leyden phial, from one 
of its furfaces to the other, does not affeft the moft de- 
licate electrometer, fufpendtd from a wire, or other fub- 
ftahce, which forms the communication between them.” 

That the charge of a Leyden phial does not, in paf- 
fing along a wire, alfea an ele&rometer, is certain ; and 
it is equally true, that we have no means of applying an 
eledt.rometer to a quantity of galvanifm in a ftate of 
reft in a body. If this influence ever exifts in fuch a 
ftate, we have no left by which we can difcover its pre- 
fence ; and it is only from the effeCts which it produces 
in tranfitu that we know of its exiftence. But the elec- 
tric fluid, in pafling from link to link of a chain, fen- 
fibly affefts an eleCIrometer ; and in Dr Fowler’s expe- 
riment with the Ikate, for example, as more than one 
piece of metal is employed as an exciter, the fluid, in 
paffing from one piece to another, ftiould have affeCIed 
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 objeaion having 
been lately made to us by a gentleman from whom we 
fha.ll 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 
Ihewed ftrong figns of galvanic fufceptibility. 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 deli red 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 neceftary to have the hands wet, 
as the dry cuticle tends much to obftrudt the paflage of 
galvanifm ; but the utmoftcare was taken that the chain 
fliould be perfectly dry, olherwife the influence might 
have been tranfmitted by the moifture upon its furface 
without palling through the chain itfelf. 

To avoid the poflibility 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 contaCt with it, in 
one hand ; and in the other hand he held the other end 
of the chain in contaCI 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 neceffity 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 ftill the electrometer was not affeCted in the 
fmalleft degree when brought near the chain. 

It is proper to obferve, that Dr Valli, in his aftertion 
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 : “ They placed a prepa- 
red frog in a vtftel which contained the electrometer of 
M. Coulomb, charged negativelyand pofitively by turns. 
In both cafes, in exciting the animal in the common 
way, the ball of the electrometer w’as 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 eleCtricity as to affeCt the eleCtrometer. The 
firft time we tried the experiment abovementioned with 
the brafs chain, we were almoft milled by a limilar cir- 
cumftance. Inftead of an artificial eleCtrometer, which 
we happened not to have at hand, we made ufe of a 
very long and ftender 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 aCtion 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 politively or negatively ekarified, 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 ftill be faid, that although we have 
never been able to diicover attraction and repullion as 
properties of galvandm, this may arife from our not be- 
ing able to accumulate this influence in fufficient quan- a 
tity. Fo this reafoning, if reaioning it can be called, Demonftra*. 
we oppofe the following confideratiotis,. wliich ftate that 
diffimilarity in the phenomena of ekCtricity and galva-the Pheno“ 
nifm, that kerns abfolutely irreconcileabk with themi;na°r 
identity of the caufe. inegalvan.fm 

ts otin.ng is more completely eftabliftied in the fcience trinity re- 
of ekCtricity than this, that all thofe appearances whichfult not 

we call attractions, repuljions, abj]radians, and accumula- frorn 

tion of eledricfluid, are precifely fimilar to what would 0 2* 
be the appearances, if ekCtricity 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 eleCtric energy (to 
give it no more definite name), by means of thin idio- 
eleCtrics, coated with non-ekCtrics ; fuch, namely, as 
are exhibited by the Leyden phial, the condenfer, the 
doubler, &c. 

If the phenomena of galvanifm are produced byr the 
paflage of ekCIric fluid from one extremity of the ex- 
citatoiy arc to the other, this paflage will be regulated 
by the known laws of ekCIricity. It may therefore be 

accumulated 
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accumulated (In tr'anjitu) by menus of an a^aratus fi- 
milar 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 eledtricily, confift. of a 
long glafs rod, on one fide of which w'as fattened 
(with varnifh) a very narrow flip of tinfoil; there was 
a fine point at one end of this rod, and a gold leaf 
eleittrometer at the other. This apparatus w-as in- 
fulated at one end of a room 19 feet long, having a 
window in the middle of each fide. A fmall eledtric 
machine was placed at the other end. Ori a dry day, 
with a gentle breeze in a direction acrofs the room, 
both windows were opened a little wmy, fo that there 
was a continual ftream of air acrofs the room. The 
machine was worked ; and after a fliort time had elap- 
fed, the eledfrometer began to diverge, gradually open- 
ed, and at laft ftruck the condudling flips on each fide, 
and then collapfed, and again began to diverge. The 
windows were fhut 5 and immediately, without working 
the machine, the eledfrometer 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 wdth a very (harp knife ; the eledfrometer now di- 
verged very feebly, and yf minutes elapfed before it 
touched the fides. He pafi'ed 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 firft operation. All divergency 
of the eledlrometer was now at an end; and although 
the machine was worked till the eledlric fmell was fen- 
fible at the door to a perfon who happened to come in 
at this time, no tendency to divergence was obferved. 
(iV. B. the top of the eledfrometer had no conducting 
fubftance about it, except the flip of tinfoil). 

The cut, being examined with a microfcope furnifli- 
ed with a micrometer, was x^5th of an inch. It wras 
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, wras coated on one fide in a ciryle 
of if inch diameter. The eledlrometer w7as removed, 
and the coated fide of the talc was put into clofe con- 
tadl with the flip of tinfoil on the glafs rod. A (land 
of tin, whofe top was a plate of if inch diameter, 
fmeared over wdth mercury, was placed in contadl with 
the other fide of the talc, and they were prefled into 
very clofe and continuous contadl. 

The machine being now worked, the coated talc re- 
ceived a charge in about 5 minutes fufficient 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 eledlric fmell. The machine was now 
worked again. But after half an hour, only a very 
faint twitch was felt ; but enough to (hew that an ac- 

cumulation was taking place. The windows were now- 
half fhut. After working the machine about five mi- 
nutes, a faint twitch was obtained 5 after a quarter of 
an hour more, there was a moderate (hock. 

In this (late of things, the apparatus was examined 
as a condenfer, by firft taking out the (harp point by 
an infulating handle, and then removing the tin (land. 
Examined in this way, it appeared plainly that, even 
when all the windows were open, the accumulation be- 
gan almoft as foon as the machine was worked. Nay, 
it was found, on another day equally favourable, that 
a plate of talc or tb§<5 of an inch thick, took a 
charge, although a cut of Tff^ wide did rot allow the 
eledlricity to fly acrofs it. This is perfedlly fimilar to 
all our experiments on coated glafs. The thicknefs 
v'hich admits an accumulation is almoft incomparably 
greater than the diftance to which a fpark will fly, or 
a concuffion is producible, in the fame intenfity of e- 
ledlricity. 

z. The above deferibed apparatus was infulated, and 
a wire connedled with each end. To one wire was join- 
ed a thin plate of lac, coated on the flde next the wire; 
and to the other a piece of moift 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 varnifti, incomparably thinner than 
either of thefe, were employed. But all Profeflbr Ro- 
bifon’s attempts to produce an accumulation of galvanic 
energy in this way were fruitlefs. The fecond form of 
the eledlrical experiment was adopted, as having a fome- 
what greater refemblance to the fuppofed procedure of 
galvanifm; but the well-informed eletftrician, will eafily 
perceive, that the firft form is far more delicate and de- 
cifive. 

The internal procedure in the ele6lric and galvanic 
convulfions is therefore fo different, nay, oppofite, that 
we cannot bring ourfelves 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 Valli’s opinion, conftitute the characters 
of the identity of galvanifm and ele&ricity. We think 
that, without going farther, we might fafely reft our 
affertion, that thefe two agents are perfeftly diftin&and 
unconnected with each other. But there are feveral 
other circumftances which merit attention. 4g 

No electrical phenomenon can take place between Farther 
two bodies, unlefs thefe bodies be in oppofite dates ofc;,r“fi^era* 
eleCtricity with regard to each other. Now, how are 'e^tr'chyC" 
we to account for the accumulation of eleClricity 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 fubjefts of them be 
infulated or furrounded by conductors; whether per- 
formed in the dried air or under water (1) ; whether, 

by 

(h) What if it were called metallorgafmy which tranflates exaCtly metallic irritation, or metallegerfifm, from 
fcsTawov, and tyipo-ic excitatio. 

(1) Dr Fowler mentions an exception to this. “ When the feparated leg of a frog was held under water, 
and formed part of the circuit through which this influence had to pafs in order to excite another leg, it never 
contracted; 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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fcy means of an eledlncal machine, we charge the ani- 
mal and the metals till every part of them ftrongly affedl 
the eleftrometer, or whether we reverie the experiment 
and eleftrify them negatively, ftill no change is produ- 
ced in the force or frequency of the actions excited by 
the application of the metals. Is there any electrical 
experiment which could continue to give the fame refult 
in fuch oppofite circumftances ? or is there any poffibi- 
lity of accounting for it confidently with the known law s 
of the eledtric fluid ? 

The writers on this fubjedt who adopt the eledtric 
theory, indead of attempting to explain how the eledtric 
fluid can be condenfed in a body furrounded by con- 
dudting fubdances, have recourfe to the analogy of the 
gymnotus, torpedo, and other fifties of the fame kind. 
Here, fay they, we have in fadt the eledtric fluid accu- 
mulated in fuch a Atuation, and there is no reafoning 
againd fadts. We anfwer, that thefe animals are all 
furnifhed with organs of a very peculiar drudture, which 
may poffibly be fitted for the purpofe of fuch a con- 
denfation. Befides, we apprehend it has never been in- 
contedibly proved that thefe lingular animals derive 
their powers from the eledtric fluid. Without wifhing 
to enter into this quedion, which is foreign to our pre- 
fent fubjedt, we may remark that Mr Walfh difeovered, 
that the fhock of the torpedo would not pafs through a 
fmall brafs chain ; a circumdance in which it differs re- 
markably both from eledtricity and from the influence 
difeovered by Galvani. 

It were worth while to try Profeffor Robifon’s me- 
thods of accumulation in the examination of the con- 
vulfions occafioned by the torpedo. The Profeffor fuf- 
pedls that the popular horror at the lamprey, and the 
accounts of cramps and pains produced by it, have their 
fource in fome fimilar powers of that animal. 

Dr Valli’s reafoning on tin's part of tfle fubjedl is 
very curious. He takes it for granted that the gym- 
notus owes its induence to the elediric fluid. Then, 
though the gymnotus gives {hocks and emits fpnrks, 
while the torpedo only gives fhocks without emitting 
fparks, he 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 
eledtric fluid, and as the influence of the gymnotus and 
torpedo. Todiffent from any part of this very logical 
dedudtion, he declares would be contrary to the laws of 
philofophifing ! Rifum teneatis P 

Afraid, probably, that his readers might be tempted to 
offend againd thefe new laws, he proceeds to drengthen 
them by the analogy of animals and vegetables retaining 
an uniform temperature in media, warmer or colder than 
their own bodies; from which he argues that they may 
alfo have a power of accumulating elediricity, and re- 

taining it in a particular part, though their whole bo- 
dies are condudtors. But the cafes are in no refpedt 
fimilar. 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 drongly 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 fmalleit proof, 
from any experiments yet publifhed, that when placed 
in a medium w-armer than themfelves, they do not con- 
tinually abforb caloric from it. The exidence of a fri- 
gorific power in animals appears to us exceedingly pro- 
blematical ; but if it were proved to exid, it would by 
no means demondrate that animals or vegetables have a 
faculty of declining to abiorb 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 
furrounding medium ; nor is there any thing furprifing 
in this, as the caloric, which they are continually recef- 
ving by the decompofition of oxygenous gas, is diffipa- 
ted flovvly. But if we fhould allow that animals have 
a fimilar faculty of generating the eleCfric duid ; from 
the nature of that duid it mud be continually commu- 
nicated, not only to every part of the bodies of the ani- 
mals themfelves, the whole of which are conductors, but 
to every conducing fubdance contiguous to them : 
and this mud take place, not flovvly, like the diflipation 
of caloric, but inflantaneoufly, fo as to render any fenfi- 
ble accumulation irnpoffible. 

Gal vanifm differs from electricity in nothing more Difference 
remarkably than in the mode of its excitement and dif-‘n their 
charge. To produce the phenomena difeovered by Qal.n;0de of es, 
vani, no operation at all fimilar to the friction of an e_utcriient> 
leCtric upon a conducting fubdance is neceffary ( k). 
The nerves and mufcles have only to be laid bare, and 
a communication formed between them by means of the 
excitatory arc, when the contractions immediately enfue. 
In the cafe of eleCtricity, a Angle difeharge having re- 
dored the equilibrium, no farther effects can be produced 
till this has been again dedroyed by fome means capable 
of producing a condenfation in one quarter and a com- 
parative rarefaCtion in another. The faCt 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 dronger in propor- 
tion as they have been longer continued : this induence 
differing extremely in this particular, too, from the elec- 
tric duid, which, befides being itfelf exhauded, never 
fails in a remarkable manner to exhaud the contraCIile 
power of the mufcles. 

The permanence of the effcCls of galvanifm is dill And in the 
more driking in the experiments upon the organ of^urafi°nof 
tade. When the metals.are applied to the tongue, the^1' 

fenfation 

leg had in fa& formed no part of the circuit through which the influence paffed ; the influence had been tranf- 
mitted 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 conduClino- 
fubdance by rubbing it upon fome other fubdance ; but this has no refemblance to the excitement of eledricity 
by friCIion. The galvanic energy is communicated in this cafe to a condutting fubdance, and it fucceeds as rea- 
dily when both the bodies are of this clafs as when one of them is an idio-ele&ric. But no eledlric phenomenon 
has ever been produced by the fri&ion of two conducing bodies upon each other ; one of them mud be an idu> 
ele&ric, and it is in this one that the excitement takes place. ' 
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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 talle 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 pafles from the tin cup to 
the liquor, from this to the tongue gf 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 llream 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 he explains molt of the other phenomena 
of galvanifm. 

The eledric fluid cannot be put in motion but by 
deltroying the equilibrium to which it perpetually 
tends; but whenever this is deftroyed, all that is requi- 
red to produce a difcharge is, that a Angle conduding 
fubitance be placed between the two points in which 
it is unequally dillributed. Here again there is a very 
wide diftindion between this fluid and the influence 
difcovered by Galvani. M. Volta divides all conduc- 
tors of galvanifm into two clafles ; ill, Dry condudors, 
comprehending metals, pyrites, fome other minerals, 
and charcoal; and, 2d, Moill condudors. He afferts, 
that it is abfolutely neceflary, in order to the produc- 
tion of the phenomena, that two condudors of the 
firft clafs touch each other immediately on one hand, 
while at their other extremities they touch con- 
dudors of the fecond clafs. Whether this be admitted 
or not, we have already Hated our opinion that the ac- 
tion of two different fubftances is abfolutely necef- 
fary in order to excite contradions: and although it is 
contended by fome writers that a Angle piece of metal 
has fometimes been found fuffiejent, yet even they mull 
allow that, in by far the greater number of cafes, it has 
been found necefi'ary to make ule of two metals, and 
that the effed is even heighened in general by em- 
ploying three. In the whole fcience of eledricity, we 

do not.know a Angle fad which bears the flighted a- 
nalogy to this. Never in a Angle inllancc has it been 
found, that the effeds of a Leyden phial have been in- 
creafed by ufing a condudor formed of two or more 
metals in procuring the difcharge. 31 

Before leaving the fubjed of condudors, we iiqiy Sorre men 
take notice of a very curious and important fad 
tioned by Dr Valli. “ Amongft men,,, fays he, “ theregaivanifm, 
are fome individuals who are good condudors, 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, foine experiments upon frogs. A 
frog was put in water, and we each by turn elfayed its 
power. Two of us excited ftrong convulfions, the 
third only feeble ones, and the fourth none at all. This 
experiment was repeated frequently with the lame re- 
fult. This is not the only example I could adduce of 
the reality of this fad, but 1 do not think it neceflary 
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. T. his 
feems in fome meafure to corroborate Dr Valli’s obfer- 
vation. It is apprehended, however, that all men are 
equally good condudors of eledricity. 

There is flill another very marked diftindion be- 
tween the effeds of galvanifm and eledricity. No 
ftiock 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 filver in the cheeks, there is no 
doubt a convulfive 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 ihew that nothing like an eledric (hock is 
felt, even when this influence is tranfmitted through a 
nerve, (o 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 perfedly tranquil. Nor was this owing to the 

fowl 

(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 diffeding a live moufe, he received a fenfible fhock from the animal. But 
as neither he nor any other perfon has ever been fimilarly affeded in any other inftance, it leems pretty certain 
that he was deceived into the belief of a Ihock from the fenfation produced by the ftruggles 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 plafters.” The following is the refult of thefe painful experiments. T-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 firll ftrokes are felt but flightly ; the five or fix following are much 
more fenfible, and even icarcely to be endured, until the irritated nerve becomes infenfible from continued lli- 
mulus. The lenfation does not at all referable that which is caufed by the eledric commotion and the eledric 
bath ; it is a peculiar kind of pain, which is neither lharp, pungent, penetrating, nor by intermiffions, like that 
which is caufed by the eledric fluid. We may diftinguilh a violent ftroke, a regular preffure, accompanied by 
an unintermitting glow, which is incomparably more adive when the wound is covered with a plate of filver 
and irritated by a rod of zinc, than when the plate of zinc is placed on the wound, and the filver pincers are 
ufed to eilablilh the communication. 
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fowl being in a Hat? of infenfibility ; for when the 
nerves were pricked or irritated it fcreamed violently. 
But all animals fhew figns of great uneafinefs from an 
ele&ric ihock. 

In general, it muft be confefled, that animals under 
experiments of this kind feem reftlefs and uneafy. 
The great diftlnfiion of which we fpeek at prefent, 
conlifts in this, that the electric fluid produces a (hock 
and uneafy fenfation when any part of the body is in- 
troduced into the condudtmg chain j while the influence 
difcovered by (jalvani, on the contary, when merely 
tranfmitted through the body in this manner, gives no 
fhock, nor any fenfation whatever, infomuch that we 
are not lenlible ot its paflage. If this influence be 
made to a£l dire&ly on a nerve, there is, no doubt, fome 
kind of irritation produced, as appears from the effea 
of the metals upon the tongue, the eye, and other ner- 
vous parts ; but ftill this a&ion bears no analogy to 
that of the elearic fluid. As the application of the 
metals to the organs of fenfe, produces in each organ 
the peculiar fenlation for which it is conllruaed, as 
tafte in the tongue, light in the eye, See. fo when 
nerves intended merely for mufcular motion are fubjea* 
ed to the aaion of galvanifm, the effea produced is 
motion in the muicles on which they are diflributed. 

If this view of the matter be juft, it will explain why 
no fnock is felt when the human body is made a part 
of the conduaing 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 erearic fluid, of producing a convulfive (hock, 
when merely palled through any part of the body ; hut’ been found"* refurie ks fX'Sity 
it has this peculiar property, when oaffed direaiv faa k.    ...I -R . Y, it has this peculiar property, When paffed direaiy 
through a nerve, it excites that nerve to perform the 
funaion for which it was intended by nature. To 
this it will rio doubt be objeaed, that contraaions may 
be excited in different parts of a frog without any di- 
vilion being made in its ikin ; and here it may be fup- 
pofed tnat the influence is not made to pafs direaiy 
through a nerve. But it ought to be recolleaed that 
the fkm 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 
aicertain the faa by the following experiment. 

A frog was prepared in the ufual manner by coat- 
ing its fciatic 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 
ot filver, and its pofterior extremities to a rod of zinc. 
The tilver 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 flighteft mark of uneaiinets, 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. conduaor very carefully, otherwife the influence 
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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 ftievys a ftriking difference between electricity 
aud galvanilm. It was inftituted with a view to afeer- 

^e
0

effeas of the latter upon the blood-veffels. 
1 he Doctor 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 inftnuated beneath 
the artery a thin plate of fealing wax, fpread upon pa- 
per, and broad enough to keep a large portion of the 
mtery completely apart from the reft‘of the thigh. 
The blood (till 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 contact 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 con’ 
traftions were produced in the whole limb when an 
eleCtnc fpark, or even a full ftream of the aura was paf- 
led into the artery.” 1 

. Before takl'ng leave of this branch of our fubieCt 
it may be proper to take notice of one fad, which may 
be thought to militate againft the doClrine we have en- 
deavoured to eftabliih. It is faid that a frog, exhauft- 
ed amJ brought near to a charged ele&rophorus, has 

We think this 
fad may be accounted for without admitting any con- 
nection between galvanifm and eledricity, merely by 
fuppoling that the irritability of the mufcles, which 

ad been exhaufted, was reftored by the application of 
a moderate ftimulus, (the eledric fluid), of a kind dif- 
ferent from thofe by which it had been exhaufted. 
buch ot our readers as are acquainted with the writ- 
ings of modern phyfiologifts on the fubjeCt of mufcular 
irritability, will know that fads of this kind are very 
common. Thus it has been found by M Humboldt, 
that the oxygenated muriatic acid has often reftored 
nritability To this explanation it will no doubt be 
objeded, that the application of other ftimuli, as alco- 
hol and a folution of potafli, inftead of reftoring, total- 
ly deftroy the fufceptibility of galvanifm. Sufpeding, 
that although thefe fubftances in a concentrated ftate 
deftroy the fufceptibility, yet that when fufficiently di- 
luted, they might be found to have the oppolite effed 
vye tried the Allowing experiment, which confirmed our 
conjeCture. 

'} fr°S* 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 lew drops of alcohol being diluted with 
about a tea-fpoonful of water, the nerve and the 
mufcles which had been laid bare, as well as the whole 
1km 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 flight contra*’! 
turns 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 

4 S four 
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four pieces of metal which produced the contra&ions 
of the toes, had been ufed before the diluted alcohol 
was applied, but without effeft. 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 linking refemblance 
to fome of thofe produced by the ele&ric fluid ; yet 
there are others, and thefe not the lead important, 
which differ fo widely from any effe&s which have 
ever been feen to arife from that fluid, that they mull 
derive their origin from fome other caufe. Our read- 
ers may probably think that we have dedicated too 
much time to this quellion ; but as we conceive it to 
be the moll important point which can be difcuffed on 
this fubjecff, we thought it worth while to confider it 
at fome length; and we were the more convinced of the 
neceflity of doing fo, from this confideration, that there 
are fl»il fome writers of high authority who maintain 
the hypothefis, that galvanifm and ele&ricity are the 
fame. 

The galva- The next quellion that occurs to us with regard to 
nic influ- the nature of galvanifm is, whether or not it depends 
ence pro- Up0ri any iaw‘ 0f animal life ? To us it appears rather 

rei^n from more probable, that the influence which incites the 
animaif0m mufcles of animals to contrail in the experiments of 

Galvani, is fomething quite foreign to the animals them- 
felves; as much fo as the eleftric fluid of the Ltyden 
phial is to the animal which receives a fhock from it, 
in both cafes the body of the animal adling as a mere 
condudlor. Upon this quellion, however, we confefs 
that we have neither fafts 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 a&ing anywhere but in their bodies ? why 
is it not, like the eledlric fluid, capable of being made 
evident to the fenfes by its effefts upon inanimate mat- 
ter ? The only anfwer which we are in a condition to 
give to this quellion is, that it may very poffibly be 
capable of producing important effedls upon inanimate 
matter, nay, thefe effects may be the fubjeft of our 
daily obfervation ; but for want of our being fufEcient- 
ly acquainted with galvanifm to point out the relation 
between thefe effeas and their caufe, the effe^s them- 
felves are either not explained at all, or afcribed per- 
haps to fome other power, with which they have no 
conneaion. In like manner, the ekaric fluid has doubt- 
lefs been producing moll important effeas from the 
beginning of time ; but, prior to the difcovery of that 
fluid, thefe were either not explained at all, or confi- 
dered as originating from fome caufe which, in faa, 
had no lhare in their produaion. 

The great difficulty is to obtain fome tell by which 
we may detea the galvanic influence when aaually pre- 
fent in inanimate matter. Hitherto we have no fuch 
tell; nor Ihould we know that fuch an influence exills, 
but for the effeas which it produces upon the bodies 
of animals through the medium of their nerves. If we 
had any means of afeertaining its exiilence, either in a 
leparate Hate, 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 effeas. To detea it in a feparate Hate is, in 
all probability, impofiible; but that the zeal and inge- 
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nuity of philofophers will one day be able to difeover 
fome teH of its prefence in inanimate matter, there 
feems no reafon to doubt.. 

We have made many experiments with a view to 
difeover fuch a tefl, but hitherto without the fmalleH 
fuccefs. In the trials we have already made, our views 
have been chiefly confined to the difcovery of fome che- 
mical effefts of this influence 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 aciffs, we were not without hopes that it 
would be found to referable that clafs of fubHances in 
fome of its other properties. We have therefore tranf- 
mitted it through liquids tinged with the moll delicate 
vegetable colours ; but no change in thefe colours has 
been effe&ed by the tranfmiflion of many galvanic Ihocks. 
We have alfo tried, in the fame way, alkaline liquors, 
without any effeffc. We next diffolved in water diffe- 
rent neutral falts, and other compound bodies, of which 
the parts are held together by the weakell affinities ; 
but no change has been obferved to be produced in 
them by the tranfmiflion of this influence. Our want 
of fuccefs, however, lhall not deter us from continuing 
our efforts ; we lhall vary the nature of our experiments 
in every way that lhall occur to us as likely to be attend- 
ed with advantage ; and if we Ihould ultimately fail, 
we truH that others will be more fortunate. Every 
new fail which is difcovered upon the fubjeCl tends to 
facilitate this inveHigation, by furnilhing us with new 
guides to diredl the courfe of our experiments-. ^ 

Dr Fowler is of opinion, that this influence, what-p)rpo^ier 

ever it may be, is not derived from the metals alone, hefitates on 
but that the animals at leaff contribute to its produc- P°int». 
tion, as well as indicate its prefence ; and-he feems to 
have been led to adopt this theory chiefly from two 
confiderations, neither of which appears to us to have 
much weight. They are the following : The neceflity 
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 effefts than one would expedl them to 
have over an influence wholly external to them. But 
the communication between the metals and the mufcles 
may he neceffary to the contraftion of the latter, tho? 

not to the produAion of galvanifm; which, however, * 
for want of any obvious effeeff, is not obferved. That 
animals have fome controul over the effetts of galva- 
nifm upon themfelves, may be very true ; but this cir- 
cumHance does not appear to us capable of proving any 
thing, as they have a controul over the effe&s of other 
Himuli in the fame way. Thus, an animal of any refo- 
lution can bear, without betraying any uneafy fenfation, 
a blow which, inflicted unexpectedly, would have pro- 
duced a convullive Hart. The will does not in any de- 
gree controul the effefts produced by galvanifm upon 
our fenfes of taile, feeing &c.; 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 effects of eledtrxeity, when the eledrici- 
ty is otherwife fufficiently Hrong to excite mufcles to 
coutra&ion. This argument may tend to fhew, that 
galvanifm differs from eleftricity ; but as it muff be ad- 
mitted, that we can refiff the contractions naturally 
produced by the application of other foreign flimuli, it 
by no means proves that animals have any power of 

preventing 



G A L V 
preventing the excitement or tranfmifiion of galvanifm. 
Befides, though we cannot prevent an involuntary con- 
traction of our mufcles from takingplace when an elec- 

1 trie fhock of conhderable llrength is paffed tlirough 
them, yet any man may with his hand draw fparks 
from the prime conductor of an electric machine with- 
out fhrinking, though even thefe fparks would, if he 

34 were off his guard, produce a convulfive ftart. 

without11* t,ie §alvanIc Influence exifted ready formed in the 
reafon.* mufcles or nerves of animals, the only thing requifite to 

the production of„the contractions would be to make a 
communication between the nerves and mufcles, by 
means of any fingle iubftance 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 
reiiJes in the nerves or mnfcles capable of producing 
the efteCts mentioned by M. Galvani, thefe fubitances 
may flail, by fome power, independent of the properties 
they poflefs in common with dead matter, contribute to 
the excitement of the influence, which is fo well known 
to exift in them after a certain application of metals. 
Upon this part of the fubjeCt, the obfervations of Dr 
Wells will be found to merit confiderable attention. 

‘‘ It is known (fays that gentleman), that if a 
mumle 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 Hill 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 
fufficiently often to place the faCt beyond doubt, I 
next began to confider its relations to other faCts 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 
muft 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 poflibly 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 fubftances, 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 
effeCt as my body. A fingle 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 occafioning 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 
lufficient for its production.” W^e do not quote the 
above reafoning as perfectly conclufive, for it by no 
means appears to us to be fo ; but it certainly gives 
fome probability to the opinion, that galvanifm is, as 
M. Volta fuppofes, the relult 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 clafs, (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, fhould, 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 flan wherever it touches it ? 
W^e 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 what may not, produce fuch a 
change ; but we know no fimilar alteration produced, 
in a few feconds, by a mere change of a Cl ion in the vef- 
fels themfelves. 

We fhall not undertake to determine the nature ofTh/caufe 
the caufe which produces fuch aftonifhing effe&s. We which pro- 
think it is certainly not the eleCIric fluid, and probably duccs the 

fomething which refides or is formed in the excitatory ;aj.vanic ef‘ 
arc but we confider our knowledge of galvanifm as known! 
ftill in its infancy, and our {lock, of fa£ls as infinitely 
too fmall to admit of our forming a juft theory on the 
fubjeCt. Fortunately, however, the difeovery of Gal- 
vani has attracted fo much the attention of philofo- 
phers in every part of Europe, that new- fads may be 
expeCted 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 fubjeCl 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 difler- 
tations on the fubjeCt, w-hich we are obliged to infert 
in this irregular manner. 

. Mr Creve, furgeon in Wurtzburg, had an opportu- 
nity of obferving the galvanic irritation on the leg of 
ahoy, 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 wuth a (lip of tinfoil. 
He touched at once the tinfoil and the nerve with a 
French crownpiece. In that inftant the moft violent 
convulfions 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 
filvcr was covered with blood: but they were renew- 
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ed when thefe obftacles were removed.. Thefe pheno- 
tnena continued till ^8 minutes after the amputation, 
when the limb became cold. 

Dr Chriftopher Heinrich Pfaff (in Differtatiorte de 
EleBricitate Animaliy Stutgardt, 1793: fee alfo Gren’s 
Journal der Ehyftk, T. viii. p. 196, &c.) 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 contrafiion. 
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 contraftions were ftronger when the 
iilver firft touched the mufcle, and then the coating. 
If it touched the coating firil, the effeefs were always, 
and very fenfibly, weaker. 

They were ftill ftronger when the fdver did not 
touch the mufcle at all, but only the nerve and its 
coating. _ , , . 

When the contraftions were weaker at the begin- 
ning, they alfo ceafed fooner. 

No contra&ion enfued from touching the coating 
only, or the nerve only, or the mufcle only, with the 
fiiver. 

Continuing the contaft did not occafion any repeti- 
tion of the contra&ions, except in fome cafes, where 
the fiiver was drawn along different parts of the coat- 
ing, while its other end remained in contact with the 
nerve. 

The contra&ions took place only in the mufcles to 
which the nerve led. 

Their ftrength and duration were greater when the 
furfaces of contadt 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 fiiver), prevented all con- 
tradtion ; 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 contradfion followed by touching the coat- 
ing and the nerve or mufcle : but it took place, if the 
parts were brought into contadl ; 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 fiiver, 
contradlions were produced in the mufcle to which it 
led whenever the two metals were brought into con- 
tadl. 

If one crural nerve be coated with tin, and the o- 
ther with fiiver, contradtions are produced in both legs 
by bringing the metals into contadf. 

If the nerve be dry under the coating, or when the 
fiiver 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 fubjedt to the irritation produced by the 
two metals. 

If the prepared frog be immerfed in water, fo that 
the coating touches the water, contradlions are pro- 
duced by touching the coating above water with the 
jilver, while another part of the fiiver touches the 

nerve, or the mufcle, or even dips pretty deep in th« 
water. 

No fuch thing happens in oil; or, at heft, the con- 
tradlions are very flight. 

Dr Pfaff could not produce contradfions without 
employing two metals, or a metal and charcoal. 

A very thin covering of mufcular fiefh on the nerve 
did not altogether prevent the contradtions, and in 
many cafes did not fenfibly diminifh them. 

If a piece of fiiver be laid on the mufcles of the 
breafl or belly, and be brought into contadl with the 
tin-coating on the lumbal region, only the mufcles of 
the breaft or belly are affedted, but not thofe of the 
legs. 

Dr Pfaff fays, that the involuntary mufcles are not 
affedted by galvanifm ; and refers for convincing proofs 
to a differtation b) Dr Ludwig, fhewing that the heart 
is not furnifhed with nerves, (Scriptor. neurclog. minor. 

feleB. vol. 2.). 
II. Irritation of the Organs of Safe. 

Here Dr Pfaff’s differtation contains nothing re- 
markable. 

III. ConjeBures 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 eledtricity 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 adfion on each other, and who confider the ani- 
mal as merely ferving as a condudtor; 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 
kind of irritation, fomewhat analogous to it, indicates 
the prefence and agency of the eledfric fluid. It may 
therefore be called the Metallic Irritation ; a term 
which will fufficiently diftinguifti it. 

But Dr Pfaff feems rather to think that the agent 
refides in the animal, and that the metals are the con- 
dudlors (See a differtation, entitled. Farther Contri- 
butions to the Knowledge of Animal Eltdricity, 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, “ that it may refemble 
the magnetic fluid in its manner of adding, giving con- 
nedfion to the diftant particles of a nerve, as we obferve 
a magnet give an inftantaneous connedtion to each of a 
parcel of iron filings ; all of which it would arrange iu 
a certain precife manner, if they were fufticiently move- 
able, by giving momentary polarity to each.” This 
fomewhat refembles Newton’s hypothetical whim read 
to the Royal Society, deferibing what may be done by 
means of an sether (See Birche’s Hijlory of the Royal 
Society ). 

But all this is vague conjedture, and merits little at- 
tention. This will be better beftowed on an oblerva- 
tion of M. Humboldt of Jena, “ that a bit of frefti mo* 
relle (the Hehella mitra of Linnaeus) may be fubftituted 
fora 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 mufcular contradtions immediately follow. 

GARDECAUT- 
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Gardecaut, GARDECAUT, or Guard du Cord, in a watch, 

0ar<*ei1’ 13 which flops the fufee when wound up, and for 
v that end is driven up by the fpring. Some call it 

Guard-cock ; others Guard du Gut. 
GARDEN (Francis), better known to the public 

by the title of Lord Gardtnftone, 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 paffing through the ufual courfe of liberal 
education at the fchool and the univerfity, he betook 
himfelf to the fludy of law for his profeffion. In the 
year 1744 he was admitted a member of the Faculty of 
Advocates, and called to the Scottiih bar. 

In his praftice as an advocate he foon began to be 
diflinguifhed, by a ftrong, native re&itude of under- 
flanding ; by that vivacity of apprehenfion and imagi- 
nation which is commonly denominated Genius ; by 
manly candour in argument, often more perfuafive than 
fubtlety and fophiflical artifice ; by powers which, with 
diligence, might eafily attain to the higheft eminence 
of the profeffion. But the fame ftrength, opennefs, 
and ardour of mind, which diflinguifhed 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 charadler of an 
eloquent advocate, or of a profound and learned law- 
yer. The vivacity of his genius was averfe from au- 
flere and plodding fludy, while it was captivated by the 
fafeinations of polite learning and of the fine arts. Nor 
did he always efcape thofe excefles in the purfuit of 
pleafure into which the temptations of opening life are 
apt occafionally to feduce the mofl liberal and ingenu- 
ous youth. But his cheerful conviviality, his wit, hu- 
mour, tafle, good-nature, and benevolence of heart, ren- 
dered him the delight of all his acquaintance. He be- 
came his Majefly’s Solicitor July 3d, 1764. 

At length the worth of his charafter, 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, refigned the 
office of a Commiffioner of Judiciary, and in recom- 
pence got a penfion of 200I. per annum. Clear difeern- 
ment, flrong good fenfe, confcientious honefty, and ami- 
able benevolence, remarkably diflinguifhed 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 
contracted felfifhnefs, which excludes even thofe few 
good qualities that feemed to accompany their firfl 
thoughtlefs days. Their life is divided between fenfu- 
ality and that anxious inhumane avarice and ambition 
whofe ultimate objeft is, to provide gratifications to 
fenfuality and pride. The kindling light of re&itude, 
and the firfl fparks of generous humanity, are extin- 
guifhed in their breads as foon as thofe ebullitions of 
youthful paffion and inexperience are over, by which 
the ufeful efficiency of their early good qualities was 
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prevented. Hardly have they become tolerably well 
acquainted with mankind, when the milk of human 
kindnefs is turned into gall and venom in their hearts. 

It was far otherwife with .Lord Gardenflone. As 
he advanced in years, humanity, tafle, public fpirit, be- 
came dill more and more eminently the predominant 
principles in his mind.—He pitied the condition of the 
peafantry, depreffed rather by their ignorance of the 
mod fkilful modes of labour, and by their remotenefs 
from 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 promifed a feafible amelioration of public econo- 
my, and the principles of government. 

In the year 1762 he purchafed the edate of John- 
flon, in the county of Kincardine. Within a few years 
after he began to attempt a plan of the mod liberal im- 
provement of the value of this edate, by an extenfion 
of the village of Laurencekirk, adjoining. He offered 
leaies of fmall farms, and of ground for building upon, 
which were to lad for the term of one hundred years ; 
and of which the conditions were extremely inviting to 
the labourers and tradefmen of the furrounding coun- 
try. Thefe offerswere eagerly lidened 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, ffioemakers, 
and other artifans in a confiderable number, reforted to 
fettle in the rifing village. His Lordffiip’s, earnednefs 
for the fuccefs of his projeft, 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. Projects of a printfield, and of manufactures of 
linen and of dockings, attempted with fanguine hopes 
in the new village, and chiefly at his Lordfhip’s rifle 
and expence, mifgave in fucb a manner as might well 
have finally difgufled a man of lefs fieady and ardent 
philanthropy with every fuch engagement. Exit the 
village dill continued to advance. It grew up under 
his Lordfhip’s eye, and was the favourite objeCt of his 
care. In the year 1779 he procured it to be erected 
into a burgh of barony ; having a magiflracy, an annual 
fair, and a weekly market. He provived in it a good 
inn tor the reception of travellers ; and with an un- 
common attention to the entertainment of the gueds 
who might refort to it, furnifhed this inn with a libra- 
ry of books for their amufement. He invited an artift 
tor 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 bleachfield 
was alfo edablithed as a natural counterpart to the li- 
nen manufacture. Before his Lordthip’s death, he faw 
his plan of improving the condition of the labourers, 
by the formation of a new village at Laurencekirk, 
crowned with fnccefs beyond his mod 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 his vil- 
lage.” 

In the year 1785, upon the death cf his elder bro- 
ther. 

Garden, 
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ther, Alexander Garden of Troop, M. X*. for Aberdeen- 
fhire, Lord Gardenftone fucceeded to the poffeflion of 
the family eftates, which were very confiderablc. Un- 
til this time his I^ordfliip^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-year to his former revenue, gave him 
the power of performing many afts of beneficence with 
which he could not before gratify his good heart. It 
was happy, likewife, that his fuccefiion to this ample 
income, at a period when the vigour of his conllitution 
was rapidly yielding to the infirmities of old age, ena- 
bled him to feck relief, by a partial ceflation from bufi- 
nefs, by travel, and by other means, which could not 
have been eaiily 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, vifiting Ge- 
neva, Switzerland, the Netherlands, and the Dutch pro- 
vinces, and pafiing through Germany into Italy. With 
a fond curiofity, 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 furveyed almolt 
every remarkable and famous fcene that it exhibits. 

His firll objedf, 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 objects of attention. But the curiofities of na- 
ture and art, in thofe countries through which he tra- 
velled, could not fail to attract, in a powerful manner, 
the curiofity 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 interefled by all thofe circumflances which 
might appear to mark their fortunes as happy or 
wretched. He eagerly colledled fpecimens of the fpars, 
the Ihells, the llrata of rocks, and the veins of metals, 
in the feveral countries through which he palfed. He 
amafied alfo cameos, medals, and paintings. He en- 
quired into fcience, literature, and local mftitutions. 
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- 
jedts ufeful or agreeable. 

After an ablence of about three years he returned 
to his native country. The lall 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 
reipedlable charadlers that our country has to boall of; 
in the performance of a thoufand generous offices of 
benevolence and humanity; in cherilhing thofe fine arts, 
of which he was an eminent admirer and judge ; and 
above all, in promoting the comfort, and encouraging 

the indullry of his dependants, and in lending his aid 
to every rational attempt at the improvement of public 
economy and public virtue. 

St Bernard’s Well, in the neighbourhood of Edin- 
burgh, had been, long lince, diilinguilhed for the me- 
dicinal virtues of its waters. But various circumllan- 
ces had alfo concurred of late to throw it into negledl. 
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 diredl it to be cleared from furrounding ob- 
llacles, which contaminated the virtues of the water, or 
made it inacceffible ; to eredl a beautiful and commo- 
dious edifice over it ; and to appoint proper perfons to 
difiribute the water, for a very trivial compenfation, to 
the public. The well lies at a diltance from Edin- 
bugh, which is very convenient for a fummcr morn- 
ing’s w'alk. Within the few years which ha^e palled 
fince Lord Garden Hone’s benevolent care brought it 
into notice, it has attrafted 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 lall two or three years of 
his life, when his increafmg infirmities precluded him 
from more adtive 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- 
felf 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 publilhed, in which the bell pieces are, upon good 
authority, afcribed to Lord Gardenllone. He revifed 
alfo the memorandums which be had made upon his 
travels, and permitted them to be lent to prefs. The 
two former volumes w'ere publifhed one after another 
while his Lordfliip 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 moll refpeftable writers of periodical criti- 
cifm. They convey much agreeable information, and 
befpeak an elegant, enlightened, and amiable mind. 
The lalt volume is filled chiefly with memorandums of 
his Lordlhip’s travels in Italy ; and contains many in- 
terefting criticifms upon fome of the noblell produc- 
tions of the fine arts of painting and fculpture. 

His Lordfhip’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 Gardenllone’s life, 
which was prefixed to the third volume of his travel- 
ling memorandums ; and though it was no doubt an 
elfufion of fond friendlhip, we believe that the praife 
which it bellows on bis Lordlhip is not much exagge- 
rated. In the latter years of his life, it mull indeed be 
confefled, that he contradled intimacies with men un- 

worthy 
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Gas worthy of his regard; and that his attachment to li- between the geocentric ptace and the firft point of Geometri- 

Geocentrtc. berty made him form expedtations from the French re- Aries. cal, 
< —' volution, which even the events which he faw ought to GEOMETRICAL Method of the Ancients. Georgium,

1 
have repreded. But his mind w»as by that time weak- The ancients eftablifhed the higher parts of their geo- 
cued by difeafe ; and it would be very unjuft to balance metry on the fame principles as the elements of that 
the imprudencies of one or two years againlt the meri- fcience, by demonftrations of the fame kind: and they 
torious aftions of a whole life. Belides his travelling were careful not to fuppofe any thing done, till by a 
memorandums and his poems, his Lordlhip publilhed previous problem they had fhewn that it could be done 
A Letter to the Inhabitants of Laurencekirk, the moil va- by actually 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 adhially continued to infinity, 
ever offered to the inhabitants of a manufacturing town, or a magnitude diminilhed till it become infinitely lefs 
for the regulation of their conduct towards each other, than what it is. The elements into which they refol- 
That the people of Laurencekirk have followed thefe 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 
‘b-ty. # been introduced ; by which geometry, which ought to 

GAS. See that article, Encyd. and Chemistry- be perfe&ly 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 direftly refolvtd according to the ftridf rules 
Jacquin of Vienna, at the defire ot Dr Chladni, 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 furniftied with a metallic ftopper cemented to a tion to an arithmetical, or a mechanical, or inllrumental 
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 inches and compaffes. 
in length was fixed. The glafs being then placed on The fame term is likewife ufed in oppofition to all 
the flielf of the pneumatic veffel, and filled with any indirect and inadequate kinds of folutions, as by ap- 
particular kind of gas, a bladder alfo filled with the proximation, 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 duplicature of the cube, or two mean proportionals^ 
gla.s. In this difpofition of the apparatus, the flute though there are mechanical ways, and others, by in- 
was made to found by gently prefling the bladder. Com- finite feries, &c. 
parative experiments were made with atmofpheric air, GEORGIUM Sidus (fee Astronomy-/^, En- 
oxygen, hydrogen, carbonic acid, and nitrous gas. The cycl.) has no fewer than fix fatellites revolving round it, 
ir.ten/ity of the found did not vary; but when cornpa- all difeovered by Dr Herfehel. Of the two which he 
red with that produced by atmofpheric air, the oxygen fiift 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 pri. 
reu by different methoos, conftantly gave a found half mary ; and the other in 13 d. 11 h. 5 m. i,c fee. at the 
a tone lower; hydrogen gas gave rune 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 kwer. A mixture of confequently of the ecliptic, as to be almoft perpendi- 
oxygen gas and azot, in the proportions of the atmo- cular to it. To this remarkable departure from the 
fpheric air, afforded tlie tone ot this laft; that is to fay, analogy of the old planets, another {fill more Angular 
it was half a tone higher than each of the component has been lately announced. They move in a retrograde 
parts alone. V/hen the two gafes were not uniformly diredtion ! The new fafellites revolve as follows, the 
mixed, the found was abominably harfti. Chladni in- periodical times being inferred from their greateft elon- 
tends to give a fuller account of thefe interefting expe- gations : The interior fatellite in 5 d. 2 1 h. 2c m. at 
rin^nts.-—*;WMzr/ 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 iod. 23 h. 4 m. at the diftance of 
«arth covered with grafs, cut in form of a wedge, about 38",57. The neareft 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 eonfequently 
outfide ot works made of earth, to keep them up, and its periodical time 38 d. 1 h. 49 m. And the moft dif- 
prevent their mouldering. _ tant fatellite full four times as far from its primary as 

GEOCENi RIC 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, ther the motions of thefe four be direct or retrograde 
is referred. we fUpp0fe> 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 connecting cellent feven-feet telefcope, certain appearances, refem- 
the planet and the earth to the plane of the earth’s (or bling that of turn rings furrounding the planet, and 
true) ecliptic : Or it is the angle which the faid line croffing each other at right angles, w'ere feen on feveral 
(connecting the planet and the earth) makes with aline different days. They were not altered in pofition by 
drawn to meet a perpendicular let fall from the planet turning the fpeculum in its cell; but (Tavs 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 refpeCt to 
meaiured oa the ecliptic, in the order of the figns, the tube, after the relative pofition of the parallel had 

been 
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Gerard, been mueh clianged by the earth’s rotation, and be- 

“ ^ caufe they did not appear with larger telefcopes applied 
during the courfe of ten years. The diflc of the Geor- 
gium 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- 
eit the planet. Tliis does not arife from an atmofphere; 
for the effedf 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 minifter of Chapel Ga- 
xioch, 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 parifli fchooi of Foveran 
in the fame county. 

It may perhaps be proper to inform our Englifli 
readers, that in every parifli in Scotland there is a fchooi 
where, for very fmall fees, the youth of the parifli are 
not only taught to read the Englifli language, to write, 
and to perform the elementary operations of arithmetic, 
but are alfo inftrudled in the Greek and Latin lan- 
guages. Of thefe fchools, many of the rrraders were, 
about fixty years ago, eminent for claffical learning ; 
and it feems that Mr Forbes, the mader of the fchooi 
of Foreran, pofleffed 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 parifli, and under his own immediate infpe&ion. 
The attainments which that fon afterwards made in li- 
terature, evince that his judgment was corredf, 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 fchooi in that city : but fo folid was the founda- 
tion which had been already laid, that in two years 
time he was deemed lit for the univerfity, and was ac- 
cordingly entered a Undent in Marifchal college. Such 
rapid progrefs fupplies the place of that teftimony which 
we have not been able to procure, refpedting his early 
attachment to literature. 

After completing the ufual academical comde of four 
years in the Andy of Greek, Latin, mathematics, and 
philofophy, he was admitted to the degree of mafter of 
arts; and immediately afterwards commenced the ftudy 
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 affiftant to Mr David Fordyce pro- 
feflbr of philofophy in the Marifchal college and uni- 
verlity of Aberdeen. In this capacity he performed 
the duties of the abfent profeflbr till the 7th of July 
1752, when he was appointed fucceffor 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 profeflor to carry forward a clafs of iludents for 
three fucceffive years through all the different branches 
of philofophy which were taught in the college. Thefe 
were,.Logic, Ontology, Rheumatics, Morals, 

Politics, and Natural Philosophy; and Mr Ge« Germ!, 
rard carried one clafs through this extenfive courfe, v"— 
Mathematics and the Greek language were taught 
by feparate profeiTors. 

About the year 1754, a very material alteration was 
made in the order of teaching philofophy in the univer- 
fity of Aberdeen ; and in the Marifchal college each 
profeffor was reftrifted to one department of faience. 
The principal and profeffbrs in that college, juflly ob- 
ferving that the public is interefled 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 Gei’ard to draw up thefe reafons. This talk he 
performed in a fmall pamphlet, which, being printed by 
the appointment of the college, appears to have given 
very general fatisfaftion. 

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 ftudy. Having obferved that the philofophy 
which had fo long kept poffdlion of the fchools, con- 
fifled, 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 fcholaftic logic, and proves, to 
the convi&ion of every impartial judge, that the art of 
fyllogifing, 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 affift 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 hiflory 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 mull be found in profecu- 
ting the fcholaftic order of the faiences. The ftudent 
mull make a tranfition at once from words and langua- 
ges to philofophy, without being previoufly introduced 
to the knowledge of faCts, the foie foundation of, and 
preparation for it ; he mufl be hurried at the firfl into 
the moil abftrufe, difficult, and fubtle parts of it; he 
mult 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 illuftrated. And in proportion as philo- 
fophy is more improved, and more thoroughly ref<^m- 
ed, thefe inconveniences mufl become more fenfible. 

“ The view of thefe (continues he) induced the maf- 
ters of the Marifchal college to thqik of altering the hi- 
therto received order; and after the moil mature deli- 
beration, made them at laft refolve, that their fludents 
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, 
lafl of all, to morals, politics, logic, and metaphyfics.” 

In vindicating this arrangement, he labours with 
great 
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Gerard. great earaeflaefs, and we think with complete fuccefs, 

to (hevd'the propriety of making logic the laft branch 
of academical ftudy. “ All fciences (fays he), all de- 
partments of knowledge whatever, mull be premifed as 
a ground-work to genuine logic. Hiftory has one 
kind of evidence, mathematics another, natural philofo- 
phy one ftdl different, the philofopny of human nature 
another diftindl from all thefe ; the fubordinate branches 
of thefe feveral parts have dill minuter peculiarities in 
the evidence appropriated to them. An unprejudiced 
mind 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 con- 
verfant in them, one is prepared for the ftudy of lo*ic ; 
for they fupply him with a fund of materials; in *them 
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7 77.J . r or matena18 > ,n mind will, by the native force nf it, i,- • tI,e d,ffere„t kmd8 of ev.dence and argument are ex-' the evidence! and he' conWwed 
emphSed t from them only tliofe illuftrations can be ta. not refled bow this com,!. „ 7. I ’ h v'?1; 11 do's - - — . ^ic ex- 
emplified ; from them only thofe illuftrations can be ta- 
ken, without which its rules and precepts muft be un- 
intelligible. 

Ail juft conclufions concerning the works of na* 
ture muft be founded on an indudfion of particulars. 
And as in natural philofophy thefe particulars are fup- 
plied by obfervations and experiments on natural bodies ; 
10 in 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 fubjedts on which obferva- 
tions muft be made, in order to lay down rules for in- 
veftigating and proving the truths of which they are 
made ; juft as the genuine pertormances of any art 
are what muft be conlidered and obferved in layinjr 
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 hkewife of the ftudy of it. It can be un- 
derftood no farther, than the feveral fciences which it 
reviews and criticifes are previoudy underltood Ac- 
cordingly 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 ino-e- 
nious fubtleties than of ufeful precepts afiifting to the 
mind 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 recoiled them in its 
progrefs through the fciences. 

“ Logic is precifely the fame to philofophy that 
works of cnticifm are to poetry. The rules of criti- 
cilm are formed by an accurate ferutiny and examina- 
tion ol the beft works of poetry. To one who had 
never read a poem, thefe rules would be obfeure and 
uielefs ; he could not comprehend them, far lefs would 
he be able to form a judgment of their juftnefs, and of 
the reaions on which they are founded. If one perufes 
the bell poetical performances, he will acquire fome de- 
gree ot tafte, though he has never profelfedly ftudied 
the rules of cnticifm ; and he will, at the fame time, 
ay 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, 
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and correas His tafte, perceives the principles on which 
he has founded all his judgments, though he did not in 

e mean time think of them, and gains additional fe- 
cunty again ft his judging wrong. This may illuftrate 
what has been faid of the place which logic ought to hold 
among th; fciences. The obfervations made in it, both 
concerning the methods of invention and of probation, 
are founded on, and deduced from, the feveral fciences 
m which thefe methods are ufed. Neither the obfer- 
va ions themfelves, nor the reafons on which they are 
built, can be hilly comprehended by one abfolutely ig- 
norant ot thefe fciences. In ftudying the particulfr 
fciences, reafon will fpontaneoufly exert itfelf • if the 
proper and natural method of reafoning is ufed the 

7 °.f Htivs,. 

Geranl. 

not refled this comes to pafs, V exphclt,;^! 
der according to what general rules the underftanding is 
excited. By afterwards ftudying thefe rules, one will 
be farther htted for profecuting the feveral fciences j 
the knowledge of the grounds and laws of evidence will 
give him the fecunty of refledion, againft employing 
wrong methods of proof and improper kinds of^ 
deuce addition31 to that of injlinht and natural genius. 
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 fcience, of 
the foundations gone upon, and of the general rules 
that have been obferved, than when it is applied as an 
tntroduthon to the elements of fcience ; for in the for- 

T be ptrfcaiyunrlerftood, fuffici- entiy illuftrated, and put m praftice as they are learned 
which in the latter is quite impo/Tible.” * 

Having thus vindicated the new ‘arrangement with 
refpea to the place which it afiigns to the ftudy of lo- 
gic, he proceeds to inquire in what order the other 
fciences fhould fucceed each other. “ Ethics (fays he) 
or moral philofophy is founded as well as logic onLeu- 
maticsj and mull therefore come after it. The conftitu- 
tion of man, and his feveral aftive powers, muft be ex- 
plained before his bufinefs, his duty, and his happinefs, 
can be d.fcovered. Junfprudence and politics, takim’ 
a more complex view of man than morals, by confide,°- 
1 g his various ftates, as well as his nature and powers, 

rarfiVblamriety’be introduced 

‘‘ It only remains then to determine whether natural 
philofophy or pnclimatology ollght, in the order of 
teaching, to have the preference. And many conlide- 
rationsfeem to require that the former fhould be ftu. 
itd h_,ft. If ,t were not, pneumatology would be too 

far disjoined from the pradical fciences founded on it • 
one of which, logic, ought, as we have feen, to be’ 
taught laft of all Befides, we ought always to be^ 
gm with the eafieft and moil obvious fubjedts, and to 
proceed gradually to the moft difficult ; and in order to 
tms, we ought to comply as much as poffible with the 
na.ura openings and progrefs of the human mind. 
Now it ,s evident, that the mind receives firlt of all im. 
pi eflions and ideas of thofe fenfible things with which 
U is furrounded It iVnot till after it has exercifed its 
faculties about them that it refleefts on its own opera 
tions, or acquires perceptions of them. We are from 
our earheft infancy aecuftomed to obferve external 
tlmgs, tno„gh often tranfieiuly and inattentively , they 

4 T lie 
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Gerard, lie always in our view, they force themfeives upon us, 
—*  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 diltind no- 
tions of them, or can eafily and readily make them the 
objeds of our contemplation. Farther, external fenfa- 
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 ilrikes and affeds us 
more. 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 effeds on 
one another : but the phenomena ol the mind ate of a 
lefs conftant nature ; we muft catch them in an inttant, 
and be content to glean them up, by obfervmg their 
effeds as they accidentally difcover themfeives in the 
feveral circumftances of life. The reafonings alio by 
which conclufions are deduced concerning mind are of 
a more abftrufe 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 diftind. 
On all thefe accounts, natural philofophy mull be to 
young minds eafier than pneumatology, and confequent- 
ly ffiould 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- 
fite, 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 univerlity 
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 {till feels himfelf deeply 
interelted. Let it be remembered, too, that the pub- 
lication from which this extrad 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 e- 
ducation in the Marifchal College {hews the order in 
which his ledures were arranged, we have not been 
able to learn on what foundation he built his fyftem of 
ethics. As Hutchefon’s Moral Philofophy was then 
much read and admired, it will not detrad 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 fyffem of ethics can be railed ; 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 

foundation to moral virtue ; for virtue muff have-been Gerarcf. 
pradifed upon fome fteady principle from the earlieff — 
period of human fociety ; and the moft eminent pro- 
feffor will find fufficient room for the difplay of all his 
learning and ingenuity in illuftrating the principle which 
his own judgment has led him to adopt. 

Of this profeffor Gerard was fully fenfible; and 
whilff he was conlcientioufly difeharging his duty to 
his pupils, he negleded no opportunity of improving 
himtelt. He was member of a literary fociety at 
Aberdeen, of which the refpedability will not be x 

quellioned, when it is known that it confifted of fuch 
men as the late Dodors Blackwel, 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 fentiments with the utmoft free- 
dom ; every novel opinion was fure to be canvaffed on 
all fides with impartiality ; the underftandings of the 
members were thus mutually wffietted ; 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, Gerard was or- 
dained a minifter of the Church of Scotland ; on the 
11th of June 1760, he was appointed profeffor of di- 
vinity in the Marifchal College, and minifter of the 
Grayfriars church in Aberdeen ; and at the fame time# 
as we fuppofe, created dodor in divinity. 

On the 18th of June 1771 he refigned his profeffor- 
{hip in Marifchal College, together with his church- 
living, and was preferred to the theological chair in 
the univerlity 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 his conftitution. Of this 
he was very foon fenfible ; but he faw his diffolution 
approaching with the utmoft compofure and refignation, 
and preferved to all about him fo much of that equani- 
mity and placidnefs of temper which had marked the 
whole courfe of his life, that of him may truly be laid# 

Multis illi multos annos precantibus 
Diri carcinomatis veneno contabuit, 
Nexibufque vitae paulatim refolutis, 
E terris, meliora fperans, emigravit. 

Were we to hazard an opinion of Dr Gerard’s Intel- 
leftual powers, from having attentively perufed his 

works. 

(a) The friends of Mr Godwin, who afted to call his Political Juftice the /ww philofophy, will, of courfe# 
think this a raffi 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 fubjedt, and too warm a friend to genuine virtue, to pretend to novelty in moral fcience. 

(b) Such as Profeffor Thomas Gordon, who read le&ures 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 fay that he poffelTed great reftitude 

of judgment, rather than any remarkable vigour of 
mind ; that he was capable, by intenfe ftudy, of be- 
coming mailer of almoft any fubjedt, though perhaps he 
had not the imagination requilite for making difcoveries 
in fcience ; and that his attainments were folid 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 5crtf-himfelf hands high in the republic of letters*, we are 
tlc' ahured 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 compoied with care all the fermons that 
he preached. In early Ike 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 
converiation 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 profefl'or of philofophy he had various 
fciences to teach, he rofe regularly, during winter, at 
five in the morning, he difcontinued that pradlice 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 occalionally interrupted by thofe fto- 
n ach complaints, to which men of fedentary lives are 
often fubje£l. 

The fruits of this inceftant ftudy were, befides the 
k&ures which he read to his different claffes, ijl. An 
£j)ay on Tajie, to which, in 1756, was adjudged the 
gold medal by the Philofophical Society of Edinburgh 
(See Societies, Encycl,), which had propofed tafte as 
the fubjeft for a prize. Of this effay there has been 
a fecond, and a third edition j of which the laft, which 
was publiffied in 1780, is confiderably enlarged and 
improved, id) Dijj'ertatinns on ihe Genius and Eviden- 
ces of Chrijlianity, publiffied in 1766. 31/, An EJfay on 
Genius, publifhed in 1774. Two volumes of Ser- 
mons ; of which the firft was publiffied in 1780, and 
the iecond in 1782. $th, A part of his theological 
courfe, entitled The Pajioral Care, which was pnbliffi- 
ed in 1799 by his fon Dr Gilbert Gerard, who fuc- 
ceeded him as profeffor of divinity in the King’s col- 
lege and univerfity of Aberdeen. Befides thefe works 
Dr Gerard publiffied many fingle fermons, which were 
preached on occafional fubjedls. 

Of this amiable and refpedlable inflruftor of youth, 
we have been favoured with the following charadler, 

Skertogil'. drawn b7 3 man of talents and virtue who was firft 
v/V, Old A- b’s Pupil and afterwards his friend ; and though it 
ticrdeen. made part of a funeral fermon, we believe that, by 

thofe who were moft intimately acquainted with Dr 
Gerard, the panegyric which it contains will not be 
deemed extravagant. 

“ 1° domeftic life, his conduft was amiable and ex- 
emplary. He poffeffed, in a high degree, that kindnefs 
of heart and affability of manner which interefted him 
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at all times in the happinefs of his dependants, prefer. Gerard, 
ved good humour in his houfe, and endeared him to his v— 
family. He knew how to check improprieties with- 
out harihnefs, 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- 
nahled him, in preffing emergencies, to adopt wife 
meafures, and to adminifter falutary counfel. 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 fufcep- 
tible of warm friendftu'p. In feleCfing the obje&s of it 
he v,ras cautious, always preferring thofe vvhofe merits 
entitled them to confidence and regard. His attach- 
ment, flovvly formed, was not to be (haken by every 
oblique infinuation, or by every idle report to the pre- 
judice of his friend. Steady in his profeffions of re- 
gard, he was capable of coniiderable and difinterefted 
exertions to ferve thofe whom he really efteemed. To 
his judicious advice they had ready accefs ; and his heft 
efforts to promote their good they could always com- 
maud. As a member of fociety, his houfe was ever 
the feat of hofpitality, and his door was always open 
to the.ltranger. In entertaining his friends, he equal- 
ly avoided the extravagance and oflentation which did 
not become his character or fuit his fortune, and the 
rigid economy which marks the condudl of thofe udio 
give with a rehnftant and fparing hand. He neither 
anxioufty courted, nor affedledly fhunned learned con- 
yerfation. While he never obtruded upon company 
fubjedls which, by the diiplay 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 harmlefs 
feftivity, was ever his delight; with cheerfulnefs he de- 
fcended to their trivial amufements, and in his prefence 
they felt no reftraints but thofe which virtue and de- 
cency impofe. T. hough he often left for a little flu- 
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 pafiions, to induce him to 
facrifice any important literary purfuit, or to neglect 
any neceffary bufinefs. 

“ As a clergyman, the office which he held for feve- 
ral years in Marifchal college rendered it his duty to be 
a daily preacher, and gave him a feat in the ecclefiaftical 
courts. But the unavoidable labour of preparing pre- 
ledlions for his theological pupils, did not prevent his 
unremitting attention to his public exhibitions in the 
pulpit. Thefe were marked by that diilindlnefs of 
arrangement, that juftnefs of reafoning, and that accu- 
racy of compofttion, which effedlually fecured the ap- 
probation of the ablefl 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 {looped : But his 
prudence, his good fenfe, his exemplary condutf, and 
his minifterial diligence, eftabliffied his refpeaability 
and ufefulnefs, and procured him the full confidence 
and efteem of his colleagues. Poflefiing more than 6r- 
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binary excellence, envy never led him to depreciate the 
merits of other preachers. Though one of the heft of 
judges, he was always one of the moll candid hearers. 
When by his tranfiation to the univerfity of King’s 
college he was releafed from the labour of conllant 
preaching, far from Ihewing any averlion to difeharge 
the moll public minifterial-duties, he was always obe- 
dient to prelbyterial appointments; and while health 
and llrength remained, willing to oblige his clerical 
friends by appearing in their pulpits. Nor in private 
life did he ever loie fight of the character of a clergy- 
man. Having in a publication ably defended its re- 
fpeflability, in oppofition to the feoffs and fneers and 
fophifms of modern feeptics ; he conlidered it as his 
honour, in his life and converfation, to difplay its dig- 
nity and importance ; and to fhew that the gravity of a 
Chrillian pallor is perf'e&ly confillent 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 iludents arrive. In 
his literary purfuits, he had all the advantages of a 
judgment uncommonly clear and diltinft ; aided, from 
his earliell years, by the moll indefatigable and perfe- 
vering lludy. The well-earned reputation with which, 
before he was promoted to the theological chair, he 
taught in Marifchal college different fciences, incon- 
tellibly proves that his powers, not confined to one fub- 
je6l, juftly entitled him to eminence in feveral branches 
of literature. His publications, feveral of which have 
been tranfiated into other languages, promife fair to ex- 
tend his fame, and to hand it down to generations yet 
unborn ; and his unremitting labours promifed Hill a far- 
ther contribution to the general Hock of learning. 

“ As a profeffor of divinity, he will be long and grate- 
fully remembered by his numerous pupils. This was 
his peculiar department, and in this he ihone. Poffef- 
iing large llores of theological knowledge, he was ju- 
dicious in feledling his fubje&s, happy and fuccefsful 
in his manner of communicating inftrutlion. He had 
the merit of introducing a new, and in many’- refpeds a 
better plan of theological education, than thofe on 
which it had been formerly conduced. 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 minitterial office, to teach them 
the proper manner of difeharging all its duties, and to 
enable them, by the knowledge of Scripture, to form a 
juft and impartial judgment on controverted fabjeiSls. 
Solicitous for their improvement, he was ever ready to 
encourage riling merit by his warmeft approbation ; and 
reludlant to damp even unfuccefsful efforts of genius 
by deferved cenfure. Having a conftant eye to what 
is pradically ufeful, rather than to unedifying fpecula- 

tion, he enjoined no duty which he was unwilling to Germ 
exemplify in his own condudl. Hence that ftridt re- titJl 

gard to the minifterial charadler which he uniformly v" 
difplayed, and hence his uncommon pundluality in at- 
tending the public ordinances of religion.” 

GERMINATION, among botanifts, is a very in- 
terefling fubjeft, on w hich the late difeoyeries in che- 
miftry have thrown much light lince the article Ger- 
mination was publifhed in the Encyclopedia. In the 
year 1793, Mr Humboldt difeovered that fimple me- 
tallic fubftances 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 a fubftance 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 faiivum} 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 adlion of the firft 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 35 minutes. 
Thefe experiments, announced in Humboldt’s Flora 
Suhterranea Fribergenfts, and in his Aphorifnis on the 
chemical phyfiology 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 ftirnulus of caloric to that of oxy- 
gen he was enabled ftill more to accelerate the pro- 
grefs of vegetation. He took the feeds of garden 
creffes [lepidium fativum), peas [pifum fativum), French 
beans [phafeolis vulgaris), garden lettuce [laduca fati- 
va), 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 fulphurjc 
acid, pure 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 diftinguiftied philofophers. Pro- 
feffor Pohl at Drefden caufed to germinate in oxyge- 
nated muriatic acid the feed of a new kind of euphorbia 
taken from Bocconi’s colledlion of dried plants, no 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 

(a) See Uflar’s Fragments of Phytology, Plenck’s Phyfiology, Villdenow’s Dendrology, and Diflionnaire de 
Phyjique par Gehler. 

(b) The nitric acid, however, diluted with a great deal of water, accelerates germination aho, according to 
the experiments of Candolle, a young naturalift, who has applied with great fuccefs to vegetable phyfiology. 
This phenomena is the more snterefling, as chemiftry affords other analogies of the oxygenated muriatic aeul 
and the nitric acid. Profeffor Pfafs at Kiel, by purfuing Humboldt’s experiments, has found that frogs iuffoea- 
ted in oxygenated muriatic acid gas increafe in irritability, while thofe which perilh in carbonic acid gas are lets 
ienfible of galvaiiifm. 
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had been fruitlefs, and the greater part of them were 
ftimulated with fuccefs. Even the hardell feeds yield- 

 to this agent. Among thofe which germinated 
were the yellow bonduc or nickar tree (guilandina 
honduc), the pigeon cytifus or pigeon pea {cytifus ca- 
jan), the dodonea angujlifolia, the climbing mimofa (mi- 
mofa jcandens), 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 clufla ro- 

fea> the feeds of which had been brought from the Ba- 
hama iilands by Boole, 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 oxigenated muriatic acid: He 
formed a palle 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. 1 lie velfel which contains this mixture 
muft be covered, but not clofely fhut ; elfe it might 
readily burft. At the temperature of 950 the muriatic 
acid becomes ftrongly oxidated ; the oxigenated muria- 
tic gas which is difengaged paffes through the feeds; 
and it is during this palfage that irritation of the vege- 
table fibres takes place. —Philofophical 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 Ihoot in the 
end ol April, when it firll feels the humidity of t he air. 
It advances then fpeedily to its full height, which is 
about 3 feet 4 inches. It is ripe in the beginning of 
May, and decays, if not deflroyed by fire, very foon af- 
terwards. 

T. he leaf is long, pointed, narrow, and of a feeble 
texture. The ftoert from which it flioots 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 fome 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 tafte of fugar. 

From the root of the branch arifes a number of ftalks, 
fometimes two, but never, as tar as he had feen, more 
than three. The flower and feed are defended by a 
wonderful perfection and quantity of fmall parts. The 
head, udien in its maturity, is of a purplith brown. 

This fpecies of grafs was one of the acquilitions 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. 

GHE\ SSIQUAS, a nation of Hottentots which 
inhabits a diftriCt of South Africa bordering on the 
country of C-afliana. VF. Vaillant vifitcd a horde of 
this people at no great di{lance from Orange river, as 
he was returning from his laft African excurfion to the 
Cape, and w'as {hewn by them a chain of mountains to 
the eafl, which extending to a diftance was loft in the 
north, and w'hich, inhabited by their principal tribes, 
feparated them from the Caffies, or at leail from the 
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Briquas and Bremas, whom they conlider as tribes of 
C afire 3. 

With rdpe£l to fuch charaCleriftics as are not ori- 
ginal and derived from nature, as the form of their 
drefs, weapons, inftruments of mufic, fondnefs for hunt- 
ing and dancing, and the l;ke, the Gheyfiiquas no not 
differ from the furrounding nations, except in having 
adopted a particular colour for their ornaments. All 
the ornaments of the Gheylliquas are white, and com- 
pofed of the bones of a fheep’s leg or foot, to which 
they give a dazzling whitenefs by precedes peculiar to 
thermelves. 1 bus, 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 reipeCl to trade, except for a few ne- 
cefiary articles, which they want in common with o- 
ther favages. Accordingly this nation is lefs known 
and lefs vifited than any other. 

1 he women are well made, lively, and always ready 
to laugh or dance : yet, with all the gaiety of their dif- 
pofition, they have the relervednefs of manners to which 
poliihed nations give the names of modefty and deco- 
rum, and which, in fo warm a climate, and with fuch 
ardent 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 ftaid 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 provilions, he would give 
them alio ieveral ftieep with which to regale themfelvesj 
a degree of generofity of which a proper eftiraate can 
be formed only by thofe who know fomething of favage 
manners and favage penury. 

1 he pradtice of fenu-caftration prevails among the 
Gheyfiiquas, and among them only of all the Hotten- 
tot tubes j and it prevails in all their hordes without 
exception. Our author convinced himfelf of this fadl 
by his own eyes ; for the men were fo complaifant, 
that, if he had chofen, he might have iiifpetted the 
whole horde. Many travellers have written upon the 
fubjedt of this whimfical 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. 
K cl be n, who lays that it commonly coniifts in the ex- 
traction of the left tefticle, reprefents it as a religious 
ceremony, a general and facred law, with all the Hot- 
tentots indifcrimmately ; but this is unqueftionably 
falie. (fiee Hottentots, Zittcyc/.) Others attribute 
it to the defire of the Gheyfiiquas to render tbemfelves 
more fleet in running, an efted 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 laft opinion, affirms that twins are not the Ids 
common on account of the operation. According to 
thofe whom M. Vaillant queftioned on the fubjedt, it 
is merely a mark of diftindlion, which their ancdlors, 
being at war with the neighbouring nations, invented 
“r ^h.e. PurP°fe of knowing one another ; but, as he 

nimieit admits, this is a very improbable account of the 
matter, as they would furely have adopted, like the 
Eoangoes, Fomboes, and Cormantias, marks of diftinc- 

tion 
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Ghirgonp. tion more esifily diicerned. Be this as It may, the ope- 

v— ration among the Gheyffiquas is performed by the ta- 
ther, commonly at the birth of the child, though iome« 
times not till he has completed his third year. 

GH1RGONG, the capital of Ajam in Hindoftan, is, 
Tennant's according to Mr Pennant, fituated in latitude 26° 30' 
new of north. He does not date its longitude. It has four 
Hindojlan. gates, and the city is encompaffed with a bound hedge 

of bamboos. The Rajah’s palace ife furrounded by a 
caufey, planted on each fide 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 lattice work and car- 
ving. Within and without have been placed plates of 
brafs, fo well polifiied, that when the rays of the fun 
ftrike upon them they fiiine like mirrors. It is an af- 
certained fa£f, that 3000 carpenters and 12,000 la- 
bourers were conftantly employed in this work during 
two years before it was finifhed. 

The Afiatic Refearches fpeak much of the wealth of 
Afam, and of the plenty and excellency of its natural 
productions, 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 
produdtive of filk. 

Among the fruits which this country produces are 
mangoes, plantains, jacks, oranges, citrons, limes, pine 
apples, and puniala, a fpecies of tamarind, which has 
fuel) an excellent flavour, that every pevfon who taftes 
it prefers it to the plum. There are alfo cocoa nut 
trees, pepper vines, and areca trees. The fugar cane 
excels in foftnefs and fweetnefs, and is of three colours, 
red, black, and white. There is ginger free from fibres, 
and betel vines. The ftrength of vegetation and fer- 
tility of the foil are fuch, that whatever feed is fown 
or flips planted they always thrive. The environs of 
Ghirgong furnHh ftnall apricots, yams, and pomegra- 
nates ; but as thefe articles are wild, and not afllfted 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 produ&ion of this country. The filks 
are excellent, and refemble thofe of China, but they 
manufacture very few more than are required tor ufe. 
They are fuccefsful 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 negle&ed by the natives, 
who have neither horfes, camels, nor afles, 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 a&ions. They do not adopt any mode 
of worfhip pra&ifed either by heathens or Mahome- 
dans, nor do they concur wdth any of the known fefts 
which prevail among mankind ; unlike the pagans of 
Hindoitan, they do not rejeCl viftuals which have been 
dreffed by Moflems, and they abftain from no flefh ex- 
cept human. They even eat animals that have died a 
natural death.” 

] GIB 
On this paflage, one of the ableft of our literary jour- Gibbon, 

nalilts obferves, that in juitiee to the people of Afam, l'~ 
vve muff remark, that the above account, extracted 
from the memoirs of Mir Jumla’s expedition into that 
country, wras 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 reftritled than that of the Hindoos of 
Bengal, is by no means promifeuous; 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 county of Surrey on the 27th of 
April 1737. He u-as 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 architect to King Edward III. who 
pofleffed lands in the hundred and parifh of Rolvenden, 
in the diftridl which is now called the Weald of Kent. 
In that diffridl the elder branch of the family ftill 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 fubjedl of this memoir, 
were fludluating. It is not, however, with his family, 
but with himfelf, that we are concerned. 

So feeble was his conllitution, and fo precarious his 
life during his childilh years, that at the baptifm of each 
of his brothers (and they were five in number) his fa- 
ther’s prudence fucceflively repeated the name of Ed- 
ward, that, in cafe of the death of the eldeff fon, this 
patronymick appellation might ftill be perpetuated in the 
family. His brothers and a filler were all fnatched away 
in their infancy; and, in terms of affe&ionate gratitude, 
he attributes his own prefervation to the more than ma- 
ternal care 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 pra&itioner from Sloane and Ward to 
the Chevalier Taylor was fucceffively fummoned to tor- 
ture or relieve me, the care of my mind was too fre- 
quently negledled for that of my health. Compaffion 
always fuggelled an excufe for the indulgence of the 
mailer, or the idlenefs of the pupil ; and the chain 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 
fyftematical. At the age of feven he was delivered in- 
to the hands of Mr John Kirby, who exerciled about 
eighteen months the office of his domellic tutor, and of 
whom he writes in terms of refpedt. T. his man had 
been an indigent curate in Cumberland, and when for- 
ced by diftrefs 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 leaff 
a temporary ffielter, had not an a£t of indiferetion again 
driven him into the world. One day reading prayers 
in the parilh church, he molt unluckily forgot the name 

of 
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Gibbon, of Kmg George; and his patron, a loyal fubjeft, dif* 
—miffed him with fome reluctance and a decent reward. 

As our author defcribes his anceftors as hereditary To- 
ries, and fome of them as Jacobites, we think it not im- 
probable that Mr Kirby may have been aceuftomed to 
omit tne name of the King when reading prayers in the 
famny ; for otherwife he would have pronounced it me- 
chanically in the church. 

Be this as it may, our author, upon the difmiffion of 
his tutor, was fent to Kingfton upon Thames, to a 
fchool of feventy boys kept by DrWooddefon and his 
afliltants He does not reprefent himfelf either as happy 
or as having made great progrefs at that fchool. The 
want of Itrength and. activity disqualified him for the 
Iports of the field ; his companions i-eviled him for the 
fins of his Tory anceftors ; and his ftudies were fre- 
quently interrupted by ficknefs. After a real or no- 
minal refidcnce 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 Metainorphofes ; and 
the entertainment which he received from thefe books 
gave him a tafte for defultory reading. 

Alter living a year with his maternal aunt, during 
which period he read many books on religious fubjects 
too deep for the comprehenfion of a boy, he was in Ja- 
nuary 1749 entered in Weftminfter fchcol, of which 
Dr John Nicholl was at that time head mafter. “ There 
(fays he) in the fpace of two years, interrupted by dan- 
ger and debility, I painfully climbed into the third 
f01 m ; and my riper age was left to acquire the beauties 
of the Latin and the rudiments of the Greek tongue. 
Inftead of audacioufly mingling in the fports, the quar- 
rels,, and the connexions of our little world, I was ftill 
cherifhed at home under the maternal wing of my aunt, 
who now lived in College-ftreet ; and my removal from 
Weftminfter long preceded the approach of manhood.” 

He was firft carried to Bath for the recovery of his 
' health; then to Wdnchefter, where he lived in the houfe 

of a phyfician ; then to Bath again, where he read with 
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whole days and weeks were fuffered to elapfe without 
labour or amufement, without advice or account.” We 
ftiall make no other remark on this pafiage, 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 fin- 
gular cireumttance, that at this period of idlenefs, our 
author ftiould have become enamoured of Sir John 
Mariliam’s Canon Chronicus, and have conceived the 
idea of writing an EJjay on the agf of Sefojlris. Such, 
however, was the cafe. Not only was the efiay 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- 
pe&ed (fays he), that an ecclefiaftical fchool fhould in- 
culcate the ortfiodox principles cf 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 fire was always, 
or often, orfometanes (a), remifs in the fpiritual educa- 
tion of her own children. Without a fingle leXure, 
either public or private, either Chriftian or Proteftant, 
without any academical fubfcription, without any E- 
pifcopal confirmation, I was led by the dim light of my 
catechifrn to grope my way to the chapel and commu- 
nion table, where I was admitted without a queftion, 
how far, or by what means, I might be qualified to re- 
ceive the facranaent. Such almoft incredible negleX 
was produXive of the worft mifchiefs. From my child- 
hood I had been fond of religious difputation ; nor had 
the elaftic fpring bsen totally broken by the weight of 
the atmofphere of Oxford, i he blind aXivity 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 
folemnly, though privately, abjured the errors of herefy. 1 r , r-r-r 0 ^ fciiwuvu L^ivciiciv, du uicu me errors 01 nereiv. a dergyman fome odes of Horace and fome epifodes of An elaborate controverfial epiftle, approved by his direc- 

V irgil; after which an unfuccefsful trial was madptn    i , • n, Virgil; after which an unfuccefsful trial was made to re- 
new his attendance at Weftminfter fchool. “ It might 
now be apprehended (fays he) that I fhould continue 
for life an illiterate cripple ; but as I approached my 
fixteenth year, Nature difplayed in my favour her ruv- 
iterious energies: my conftitution was fortified and fixed; 
and my difordeis inftead of growing with my growth, 

tor, and addrefled to his father, announced and juftified 
the ttep he had taken ; and the old gentleman, in the firft 
fally of palfion, divulging the fecret} the gates of Mag- 
dalen college were ffiut againft the convert. It was ne- 
ceflary 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, . , n ' , o  : wan icruea, on tne 30th ot une 

an -/J jnoth Tning w;th my molt wonderfully under the roof and tuition of Mr Pavilliard, a Calvinift vanifhed. In confequence of this he was carried to minifter at Laufanne in SwitzeilanH 
Oxford ; anc before he had accomplifhed his fifteenth 
year, was, on April 3. 1752, matriculated a gentleman 
commoner of Magdalen college. 

For the honour of that celebrated nniverfity, we 
would fain hope that the account which Mr Gibbon 
gives of Magdalen college is greatly exaggerated. He 
reprefents his tutors as totally regardlefs of his morals 
or his ftudies. Speaking of the firft and heft of them, 
fur he had two, he fays, No plan of ftudy was recom- 
mended for my ufe ; no exercifes were preferibed for his 
infpeXion ; and, at the molt precious feafon of youth, 

minifter at Laufanne in Switzerland. 
Pie reprefents his fituation there as at firft extremely 

uncomfortable. 'He could not avoid contrafting a fmall 
chamber, ill contrived and ill furnifhed, with his elegant 
apartment in Magdalen college; and M. Pavilliard be- 
ing entrlifted with the management of his expences, he 
felt him ft If degraded from the rank of gentleman com- 
moner to that of a fchcol-boy. He began, however, 
gradually to be reconciled to his fate ; and his love of 
reading returned, which, he fays, had been.chilled by 
the air of Oxford. He rapidlf acquired the French 
language ; and of tys tutor he fays, “ My obligations 
—    to 

Gibbon. 

as 
are wo, ds of ,er)' ‘'“port : why are they ufed then, in this fentence, 
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<bon. to the leffons of Mr Pavilliard gratitude will not fuffer 
V mc to forget. He was endued with a clear head and a 

warm heart ; his innate benevolence had a (hi aged the 
fpirit of the church ; he was rational, becaufe he was 
moderate ; in the eourfe of his ihidies, he had acquired 
a juft, though fuperficial knowledge of moft branches 
of literature ; by long practice he was {killed in the arts 
of teaching ; and he laboured with affiduous patience to 
know the charaCfer, gain the affedtion, 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 claflics, in 
hiftory, geography, logic, and metaphyfics, as uncom- 
monly rapid ; and he allows to the fame man a hand- 
fome fhare of the honour of reclaiming him from the 
errors of popery. The various difcriminating articles 
of the Romilh creed difappeared like a dream ; and, af- 
ter a full conviction, 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 wonder that, in a 
mind fo ill-furnifhed as Mr Gibbon’s then was for the- 
ological inveftigations, they paved the way for his laft 
change to Deifm. At prefent, however, he fufpended 
his 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 ftudies 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 
mailer 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 I’Hopital ; but in mathematics he was 
content (he fays) to receive the paflive impreffion of his 
profeffor’s lectures, without any adlive exercife of his 
own powers. In the writings of Grotius and Puffen- 
dorf he ftudied 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 practice of 
modern Europe. •“ Locke’s treatife on government 
(fays he) inftrucfted 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 hypothdis were power- 
ful to awaken and ftimulate the genius of the age ” 

We have been thus minute in our account of Mr 
Gibbon’s ftudies, becaufe it furnifties perhaps the moft 
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 fucceis. “ This part of his ftory 
therefore (to ufe the words of Johnfon) well deferves 
to be remembered. It may afford ufetul admonition 
and powerful encouragement to men whofe abilities have 
been made, for a time, ufelefs, and who, having loft: one 
part of life in idlenefs, are tempted to throw away the 
remainder in defpair.” 

In the year >757 Voltaire arrived at Lufaimt4, and Gibbon, 
our young ftudent’s defire to fee the man who was at 
once a poet, an hiftorian, 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 Englifti youth, but could not boaft 
of any peculiar notice or diftindlion. “ The higheft 
gratification (fays he) which I received from Voltaire’s 
refidence at Laufanne, was the uncommon cirenmftance 
of hearing a great poet declaim his own produ£lions on 
the ftage. His declamation was faftiioned to the pomp 
and cadence of the old ftage ; 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- 
nifter 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- 
compliftiment which could adorn her fex. She liftened 
to the voice of truth and paflion ; her parents honour- 
ably encouraged the connedlion ; 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 
ftrange connection, and that without his confent he 
was deftitute and helplefs. “ After a painful ftruggle 
(fays he) I yielded to my fate. I fighed as a lover, I 
obeyed as a Ion, and my wound was infenfibly 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 laft one of the deftroyers 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 haftened 
to the houfe 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 ftiouid 
be received by a parent who had parted with him in 
anger, and given him a ftepmother in his abience. His 
reception was more agreeable than he expected. His 
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, ftie and he eafily adopted the tender 
names and genuine charadters 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 
accuftomed to a very fmall fociety at Laufanne, he pre- 
ferred the retirement of the country to the buitle 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 
ftudy of ancient literature, which was fuggefted by the 
defire of juftifying and praiiing the object of a favourite 
purfuit. “ In France (fays he), to which my ideas 
were confined, the learning and language of Greece and 
Rome were negledled by a philofophic age. The guar- 
dian of thofe ftudies, the Academy of Infcriptions, was 
degraded to the loweft rank among the three royal fo- 
cieties of Paris : The new appellation of Erud'its was # Sfc 
contemptuoufly applied to the fucctfforsof Lipfius and Dj/Joar/ 
Cafaubon ; and I was provoked to hear *, that the ex- Prehminairt 
ercife of the memory, their foie merit, had been fuper-/^^"’ 
feded by the nobler faculties of the imagination and the i'Enc\ck^\ 

judgment^ 
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Gibbon, judgment, I was ambitious of proving by my own ex- 
*—"v—*- 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- 
Ihire he finifhed his EJfai fur V Etude de la Literature ; 
which, after being revifed by Mallet the poet and Dr 
Maty of the Britilh mufeum, was, in 1761, publilhed 
in a fmall i2mo volume. 

The fubjedts of tafte, critieifm, and philofophy, which 
in this work came under our young author’s confider- 
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, forne ingenious conjedlures, and difplaying no 
inconiiderable erudition. Yet, by his own account, he 
was at this time almoft a Itranger to the writers of 
Greece ; and when he 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- 
lifh language, which exhibits the author himlelf 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 Paradife Loft. 

Before the publication of this effay, the author, at his 
own delirc, had been appointed a captain in the South 
Hampihire militia, in which he fervcd 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 
he admits, that his military fervices, his bloodlefs and 
inglorious campaigns, as he calls them, were, on the 
whole, beneficial, as they brought him acquainted with 
Englifh manners, EngKfh 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 propenfity. 
He always talks of himfclf as a philofopher ; but furely 
a more unphilofophical perfualion 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 difbanding of the militia in which he had 
borne the commiftion of a captain. In that metropolis 
he llaid 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 
fcience. From Paris he proceeded to Switzerland, and 
once more took up his refidence at his favourite Lau- 
lanpe. 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 Faufanne was a very fingu- 
lar one. “ It conlifted of fifteen or twenty unmarried 
ladies of genteel families ; the eldefl perhaps about 
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twenty, all agreeable, feverad handfome, and two or Gibfon. 
three of exquifite beauty. At each other’s houfes —— 
they a fie m bled 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 a&ed co- 
medies ; but in the midft of this carelefs gaiety, they 
refpe&ed themfelves, and were refpefted by the mem; 
the inviiible line between liberty and licentioufnefs was 
never tranfgrefled 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 lingular 
inftitution was exprefiive of the innocent fimplicity of 
Swifs manners ; and we only regret that he had not the 
fame refpedt 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 fketch as this, to inform our rea- 
ders, that it was at Rome on the 15th of October 176^, 
as he fat mufing amidft the ruins of the Capitol, that 
the idea of his great work firft ftarted into his mind. 
But 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 
Hampftiire, 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 confented. He regrets 
on this occafion that he had not “ embraced the lucra- 
tive purfuits of the law or of trade, the chances of civil 
office or India afiventure, 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 fuppreffed. We 
next find him engaged with a friend in a Journal en- 
titled Manoires Literaires de la Grande Bretagne, of 
which two volumes for the years 1 767 and 1768 were 
publifhed, and a third almoft completed, when his friend, 
a native of Switzerland, was engaged, through his in- 
tereft, as travelling governor to Sir Richard Worilev, 
and the Journal was, of courfe, abandoned. He then 
entered the lifts with Warburton ; whole interpretation 
of the lixth book of the iEneid he attacked with great 
petulance and with much fuccefs. The biftiop of ~Glo- 
cefter was by this time in a ftate of great mental decay, 
which was peculiarly unfortunate for our author ; for 
had his Lordfhip enjoyed his priitine vigour, he would 
probably have given Mr Gibbon fuch a chaftifement as 
might have made him more modeft afterwards when 
writing the hiftory of the Decline and Fall of the Ro- 
man Empire. 

To that great work he now fat down ferioufly* and 
the hiftory which he 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 Teems to ac- 
knowledge that, from the beginning to the end of his 
work, he frequently contented himfelf with authorities 
furnilhed at fecond hand. 

At laft, in 1776, the firfl volume of his hiilory was 
publifhed by Cadell the bookfeller and Strahan the 
printer ; and the fuccefs of it far furpaffed his expedi- 
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 fpecimens of lettered little- 
nefs and vanity. The fecond and third volumes appear- 
ed in 1781 ; the fourth, fifth, and fixth in 1787 ; and 
Mr Gibbon’s fame was eilablifhed as a hiftorian. The 
work was admired both by natives and by foreigners, 
and tranflated into feveral of the languages of Europe. 
Dr Zimmerman reprefents the author as excelling per- 
haps Hume and Robertfon, wpho were hiftorians of the 
firft rank. All the dignity (he adds), all the charms 
of hiftoric ftyle, are united in Gibbon : his periods are 
melody itfelf, and all his thoughts have nerve and vi- 
gour.” This praife, however, muft not be admitted 
without exception. Few writers, indeed, were poffefled 
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 furpafled. He 
feizes, with fingular felicity, on all the moft interefting 
fafts and fituations ; and thefe he embellifhes with the 
utmoft 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 
diftion fometimes imparts to his narrative a degree of 
obfcurity, unlefs he defcends to the miferable expedient 
of a note, to explain the minuter circumftances. His 
Jtyle, on the whole, is much too artificial; and this gives 
a degree of monotony to bis periods, which extends, we 
had almoft laid, to the turn of his thoughts. 

A more ferious objection is his attack upon Chrifti- 
anity ; the loofe and difrefpeftful manner in which he 
mentions many points of morality regarded as important 
on the principles of natural religon ; and the indecent 
allufions and exprefiions 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 difcuffion. 
Our hiftorian, it muft be confeffed, often makes, when 

he cannot readily find, an opportunity to infult 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 perverfiort of language, for the 
pleafure of turning the fcripture into ribaldry, or call- 
ing Jefus an impoftor. 

Yet of the Chriftian religion has Mr Gibbon bimfelf 
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 Chriilianity, acknowledgd to be ad- 
mirably calculated for promoting the happinefs of indi- 
viduals, and the welfare of fociety. 

Mr Elayley, in his poetical Elfay on Hiftory, after 
a fplendid panegyric on the arduous labours of his 
friend, laments the irreligious fpirit by which he was 
actuated. 

Think not my verfe means blindly to engage 
In rafti defence of thy profaner page ! 
Though keen her fpirit, her attachment fond, 
Bafe fervice cannot fuit with Friendftiip’s bond ; 
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 wound, or Innocence a tear. 
Humility herfelf divinely mild, 
Sublime religion’s meek and modeft child. 
Like the dumb fon of Crcefus, in the ftrifcj 
Where force affail’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 eftabliftiment 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 eftablilhed 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 courfe, 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 anlwer, and that in 
a tone of proud contempt and confident fuperiority. To 

this 

(b) Herodotus relates, that a Perfian foldier, at the ftorming of Sardis, was preparing to kill Croefus, whofe 
perfon he did not know, and who, giving up all as loft, negledled 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 not Crcefus !’ 

(c) Dr Chelfum, Dr Randolph, Dr Watfon (bilhop of Llandaff), Lord Hailes, Dr White, Mr ApthorpCj. 
Mr Davis, and Mr Taylor, the author of ‘ The Letters of Ben Mordecai.’ 
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Ihr b-r D^vlf replied.j and k.[s iuft!ce to obferve, deareft Swifs friend. Laufanne had now loft much of 
nn l Ii ybearSeVldejntraru8 uf earnin^’',udgment’ itS attra<ai'on; French revolution had crowded It d.Cl tVC£l1 af.umen» an^ that he has convidted our au- with unfortunate emigrants, who could not be cheerful t 01 of feme Limes quoting inaccurately to ferve a pur- themfelves or excite the cheerfulnefs of others • and the 

L°d tre«Le'b° Watf T Mr Gibbr ^ ^ °f «o poif™ Ihe ,'5 
t D ]^at^0n, however, with particular re- of the fober citizens with principles which Mr Gibbon bu^.hl® pohhumous memoirs Htew how much he had always held in abhorrence. Speaking of thefe prin- felt the attacks made on him by Lord Hailes, Dr 

White of Oxford, and Mr Taylor. To Dr Prieftley, 
who, in his Hijiory of the Corruptions of Cbrifianity, 
threw dovvn his gauntlets at once to Bilhop Hurd and 
the hiftonan of the Roman empire, and who prefented 
the latter with a copy of his book, declaring at the 
fame time, that he fent it not as a gift but as a chal- 
lenge ; he wrote in fuch terms as produced a corre- 
fpondenee, 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 
boiough of Lifkeard, and fupported, with many a fin- 
cere. and blent vote, the rights, though not, perhaps, 
the intereft, of the mother country. “ After a fleet- 

, ijhifive.diope, prudence condemned me (fays he) to 
acquiefce in the humble ftation of a mute/ I was not 
armed by Nature and education with the intrepid ener- 
gy of mind and voice. 

Vmcentem frepitus, et licitum rebus agendis. 
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 miniftry whom 
he could not fupport by his eloquence in the houfe. 
At the requeft of the Lord Chancellor and Vifcount 
W eymouth, then fecretary of ftate, he vindicated, in a 
yei y able manner, againft the French manifefto, the 
juftice of the Bntifh arms ; and his Memoire jfujlifcatif 
was delivered as a ftate paper to the courts of Europe. 
He was rewarded for this fervice with the place of one 
of the lords commiffioners of trade and plantations; and 
kept it, till the board was aboliftied by Mr Burke’s re- 
form bill. For accepting this place he was feverely, 
but moft unjuftly, blamed by fome of the leaders of the 
oppofition, as if he had deferted a party in which he 
had never enlifted, and to the principles of which he was 
rendered, inimical both by family prepoffellion and by 
his own judgment. 1 

On the downfal of Lord North’s adminiftration, 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 w-as 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 
in England. He was tired of the buftle of the metro- 
polis, and fighed once more for the retirement of Lau- 
fanne, at which he arrived before the overthrow of the 
coalition miniftry, and wffiere he lived happily till the 
laft years of his life. It was in this retreat that he 
wrote the fourth, fifth, and fixth volumes of his hiftory; 
and he left it only for a year to fuperintend the publi- 
cation of thefe volumes in London. This great work 
being concluded, he returned to the banks of the Leman 
lake, but found his enjoyments damped by the diftrefs, 
and foon afterwards by the death, of his oldeft and 

ciples and their effeas in Switzerland, he adds, “ 1 beg 
leave to fubferibe my afient to Mr Burke’s creed on 
the revolution of France. I admire his eloquence, I1 

approve his politics, I adore his chivalry, and I can al- 
moft excufe his reverence for church eftabliffiments. 
While the ariftocracy of Berne protects the happinefs, 
it. is fuperfluous to inquire whether it be founded in the 
rights of men : the economy of the ftate is liberally fup- 
pli.ed 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.” 

^ was aga<nft the beneficent and mild government 
ot 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- 
t'OI.1

1
s. of liberty and equality. From the effeas 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 fheltcr in England, and to abandon, for 
lome time at leaft, what he called his paradife at Lau- 
fanne. Difficulties intervened, and forced him to poft- 
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 beginnincr 
of June 1793. 0lj 

He continued in good health and fpirits through the 
who e of the fummer ; but his conftitution had fuffered 
much from repeated attacks of the gout, and from an 
incipient dropfy in his ancles. The fwelling of his, ’ 
ancles, however, fubfided ; but it was only in confe- 
quence of the water flowing to another place : and be- ’ 
mg repeatedly, tapped for a hydrocele, he at laft funk un- 
der it, and died at his lodgings in St James’s ftreetJ 
London, on the 16th of January 1794. 

To draw a chara&er at once general and juft of this 
extraordinary man, would be difficult perhaps to one 
who had enjoyed the pleaiure of his acquaintance, and 
muit be impoffible to thofe to whom his perfon was a 
ft ranger. .Of the extent of his erudition there can be 
but one opinion ; but various opinions may be held re- 
fpeaing the accuracy of his knowledge. Lord Sheffield 
who knew him well, and loved him much afluits us 
that.his converfation was ftill more captivating than his 
writings.; but this could not refult from the brilliancy • 
ot his wit 5 for of wit he declares himfelf 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 ftores of his 
own mind. From his private correfpendence, and a 
journal not written for the public eye, he appears to 
have been a dutiful fon, a loyal fubjed, and an affec- 
tionate and fteady friend ; but it is difficult to reconcile 
with fo much moral and political worth his unfair and 
unmanly fneers at the religion of his country 

f if u 18 a fortrep5 immenfe (Length, of which a very full account has been given in the 
4^2 cyclopedia. 

Gibbon, 
Gibraltar. 
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raltar. c^clopadia. Nothing, however, is in that article laid of 

— the natural hiftory of the mountain on which the for- 
trefs is built, though, to men of feience, that fubjeft 
mult be as interefting as a detail of fieges. d hfs defedt 
we are enabled to fupply by means of Major Imrie’s 
mineralogical defcription of Gibraltar, which is publifn- 
ed in the fourth volume of theTranfadf ions of the Royal 
Society of Edinburgh ; and, we are perfuaded, the fol- 
lowing abftraft of that elegant memoir will afford ra- 
tional entertainment to many of our readers. 

“ The form of this mountain is oblong ; its fummit a 
jharp craggy ridge ; its dire&ion 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 fhore, but it nowhere exceeds 
three quarters of a mile. The line of its ridge is undu- 
lated, and the two extremes are forruwhat higher than 
its centre. 

“ The fummit of the Sugar I.oaf, which is the point 
of its gfeat^ft elevation towards the fouth, is 14^9 ieet; 
the Rock Mortar, which is the higheft point to the 
worth,'is and the Signal Honfe, which is nearly 
the central point between thefe two, is 1276 feet above 
the level of the lea. The weftern fide of the mountain 
is a feries of rugged Hopes, interi'perfed with abrupt pre- 
cipices. Its northern extremity is perftdhly perpendi- 
cular, except towards the north-well, where what are 
called the Liner intervene, and a narrow paflage of flat 
ground that leads to the ifthmus, and is entirely cover- 
ed with fortification. The ealtern fide of the moun- 

tain moftly confifts of a range of precipices; but a bank 
of fand, rifing 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 fum- 
mit of the Sugar Loaf, into a rocky flat of confiderabie 
extent, called Windmill Hill. 

“ 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 
llrata, are of various thicknefs, from 20 to upwards of 
40 feet, dipping in a direftion from eaft to weft, nearly 
at an angle of 3 $ degrees. In fome parts of the fofid 
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. 

“ The caves of Gibraltar art many, and fome of them 
of great extent. That which moft deferves attention 
and examination is called St Michael’s Cave, which is 
fituated upon the fouthern part of the mountain, almoft 
equally diftant from the Signal Tower and the Sugar 
Loaf. Its entrance is tooo feet above the level of the 
lea : This entrance is formed by a rapid flope of earth, 
which has fallen into it at various periods, and which 
leads to a fpacious hall, incrufted with fpar, and appa- 
rently fupported in the centre by a large mafly ftala&i- 
tical pillar. To this fucceeds a long feries of caves of 
difficult accefs. In thefe cavernous recefles, the forma- 
tion and procefs of ftalaftites is to be traced, from the 
flimfy quilt-like cone, fufpended from the roof, to the 
robull trunk of a pijlar, three feet in dimeter, which 
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rifes from the floor, and feems intended by Nature to Gibraltar, 
fupport the roof from which it originated. 

“ 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 wafhed off by 
the heavy autumnal rains, which have left the fuperfi- 
cies of the rock, for a confiderabie extent, bare and 
open to infpedlion. * In thofe fituations, an obferving 
eye may trace the effefts of the flow, 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- 
llrate, 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. 

“ 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 flopes alfo in that dire&ion. This ftratum con- 
fifts of a number of thin beds ; the outward ene, being 
the thirineft, 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 ftratification 
refts upon a rock of an argillaceous nature. 

“ This laft bed, which is 17 inches thick, confifts of 
quartz of a blackilh blue colour, in the fepta or cracks 
of which are found fine quartz cryttals, colourlefs., and 
perfe&ly 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 rock; but 
this, fays Major Imrie, is a miftake, which could- arife 
only from inaccurate obfervation and falle defeription. 

“ In the perpendicular fiflpres 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 reddilh 
brown ferruginous colour, with an earthy fra&ure, and 
confiderabie 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 
direftions, intermixed with Ihells of fnails, fragments of 
the calcareous rock, and particles of fpar ; all of, which- 
Materials are Hill to be feen in their natural uucotnbined 
  fortes, 
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Gibraltar, {fates, 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 fituations above 
defcribed, and having remained fora long feries of years 
in thofe places of reft, expofed to the permeating a&ion 
of water, have become inveloped in, and cemented bv, 
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 moft folid parts of them ge- 
nerally admit of being cut and fcraped down with the 
fame eafe as chalk, 

“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 coafts in the 
iHands of Cherfo and Ofero, that fome naturalifts have 
been induced to go fo far as to aflert, that there has 
been a regular ftratum 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 defcription 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 perfeftly fimilar to that found at Gibraltar. 
By his defcription, it alfo appears that the two moun- 
tain rocks ot Gibraltar and Dalmatia confift of the fame 
fpecies of calcareous ftone ; 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 fiffures and caves of the rock of Dal- 
matia were ftill more minutely examined, their former 
communications with the furface might yet be traced, 
as in thofe defcribed above ; and, in that cafe, there 
would be at leaft a ftrong probability, that the materials 
of the concretions of that country have been brought 
together by the fame accidental caufe which has {fro. 
bably colltfted thofe found in the caverns of Gibraltar. 
iMajor Imrie traced, in Gibraltar, this concretion, from 
the loweft 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, a 
fmall degree of adhefion only remained, which was evi- 
dently produced by the argillaceous earth, in its com- 
pofition, having been moiftened by rain and baked bv 
the fun. 

“ The depth at which thefe materials had been pene- 
trated by that proportion of ftalaftitical matter, capable 
of giving to the concretion its greateft adhefion and fo- 
Kdity, he found to vary according to its fituation, and 
to the quantity of matter to be combined. In fiffures, 
narrow and contracted, he founcbthe concretion polfef- 
flng a great degree of hardnefs at fix feet from the fur- 
face ; but in other fituations more extended : and where 
a larger quantity of the materials had been accumula- 
ted, he found it had not gained its greatell 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 

■fo indicate, that the materials have been carried in at 
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various periods, and that thofe periods have been very Gibraltar^, 
remote from each other. / •—u 

“ 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 maft'es of the rock 
which have tumbled in together. The fifture, or ca- « 
vern formed by the difruption and fubfidence oV 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 deoree 
of hardnefs and fondity, the hafly ohferver, feeinrr the 
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- 
hd rock. The communication from this former chafm 
to the furface from which it has received the materials 
of the concretion, is ftill 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 arc found 
that are apparently human ; and thofe of them that ap- 
pear to be of the legs, arms, and vertebra: of the back, 
are fcattered among others of various kinds and fixes, 
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 perfedt, and its whitenefs and luftre in no 
degree impaired. In the hollow parts of fome of the 
large bones was contained a minute cryftallization of 
pure and colourlefs calcareous fpar ; but, in moft, the 
interior part confided of a fparry cruft of a reddilh co- 
lour, fcarcely in any degree tranfparent. 

“ 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 fiflures, 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 hone 
i*f each was perfectly firm and folid ; from which it is 
to he prefumed, that they were in a date 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 ftill 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. At the-extremity 
of I iinces Lines, 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 feafon, nettle 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.” 

Maiors 
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Gibraltar. Major Imrie wakes an apology for giving fo minute 

a defcription of thefe fofTil bones ; but, in our opinion, 
the public is indebted to him for beftowing fo much a£- 

• tention on a fubjeft which all muft admit to be curious, 
and which, from the ftrange 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 conftrudfed 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 
inacceflible 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 fteps cut in the rock, or by wooden flairs 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- 
vioufly to the conllrudling of thefe galleries, a vaft num- 
ber of men were killed by the Spaniards while march- 
ing to their feveral llations. 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 blafting with gunpowder. 
Through the politenefs of an officer on duty, a place 
■called Smart’s Refervoir was opened for our infpedlion, 
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 cryflal- 
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 fdu- 
tary fount, clear as the brilliant of the eafl, and cold as 
the icicle. We hailed the nymph of the grot, and, pro- 
flrating ourfelves, quaffed hygean 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 femicircular part of 
the rock; fpacious apertures are broken through, where 
cannons of a very large calibre command the ilthmus, 
the Spanilh 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 almofl incredible 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 ftill more fo, Gimboli 
that they fhould be able to diredl the operations of fuch ^ II 
an inttrument, fo as to render it fubfervient to the pur- (jiaf9‘ 
pofe of elegance. We found in the hall a table, pla- 
ced, I fuppofe, for the conveniency of thofe who are 
traverfing 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 extra&ed from Major Imrie’s memoir, 
we are led to think that it is not, or at lead, 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 vanifh, finee the pick axe and 
chifel were probably employed to give elegance to the 
vault, and even, in fome degree, to diredl the operation 
of the gunpowder. 

GIMBOLS, are the brafs rings by which a fea- 
compafs is fufpended in its box that ufually dands in 
the binacle. 

GIRT, in timber-meafuring, is the circumference of 
a 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 edeemed 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 Line, is a line on the common or carpenter’s 
Hiding rule, employed in cading up the contents of 
trees by means of their girt. 

GLASS Etching, or Engraving upon, is in the ar- 
ticle Chemistry {Encycl.} laid to be a new art ; and 
as that acid which did'olves filiceous earth, and alfo 
glafs, was firtl 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 us, it has indeed been noticed as a 
new invention ; yet Profeffor Beckmann, whole labo- 
rious refearches 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 oHGeorge Schwanhard, who was a cele- 
brated glafs-cutter, patronized by the Emperor Ferdi- 
nand III. about the middle of the lad century. At 
the time of-his death, rfidy, the father pratlifed his art 
at Prague and Ratifbon. Whether the fon followed 
the fame bufinefs at the fame towns, or removed to 
Nuremberg, is not very evident from the profeffor’s 
hidory ; but in the year above-mentioned, fome aqua 
regia (nitro muriatic acid) having accidentally fallen 
on his fpe£lacles, he was furprifed to find the glafs 
corroded byr it, and become quite foft. He thus found 
himfelf in polfelfion 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 quedion it), 
Schwanhard muft either have improved the nitro-muriatic 

acid 
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OTaft, acid by Tome means or other unknown to us, or have 
CloiTocom- confined ijfg etchings to feme particular kinds of glafs ; 

‘' ■ for the fluoric is the only acid, with which we are ac- 
quainted, that corrodes all glafs. (See Chemistry- 
Indcx in this Supplement). M. Beckmann indeed feems 
to think that he had difeovered 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 giafs. 

“ When the fpiritus nitri per diflillationem has paf- 
fed into the recipient, ply it with a flrong 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 faud 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 will be corroded, and the figures 
which have been traced out with fulphur and varnifh 
will appear as if railed above the pane of glafs.” 

1 hat the Bohemian emerald or hefphorus mention, 
ed in this receipt is green fparry fluor, cannot, fays the 
profeffor, be doubted ; and he feems to have as little 
doubt of the receipt itfelf having palled from Schwan- 
hard and his fcholars to the periodical work of 1725, 
from which it has been lately inferted in the CEkono- 
nu’fche Encyclopedic of Krunitz. This fuppofition 
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 lo 
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 Schwanhard, 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 artifls to make trial of this antient method 
of etching, declares, that fuch figures have a much bet- 
ter effedl than thofe which are cut into the glafs. 

Before concluding this article, it may be worth while 
juft to mention a propofal which has been lately made 
to employ glafs inflead 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 rafh to deny ; but the fuperiority of fuch plates to 
thofe of copper we cannot conceive. Jf 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 difeovered by 

Vauquelin in the beryl and the emerald. Its general 
properties are as follows : 1. It is white ; 2. Infipid ; 
3. Infoluble 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 forrning 
falts of a faccharine tafte ; 10. Fufible with borax into 
a tranfparent glafs; n. Abforbs 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 ate 
faccharine, and flightly aflringent ; 2. It is very fo- 
luble in the fulphuric acid by excels ; 3. It decompofes 
the aluminous falls; 4. It is foluble in the carbonat 
of ammoniac ; 5. Is completely precipitated from its 
folutions by ammoniac ; 6. Its affinity for the acids is 
intermediate between magnefia and alumine. 

One hundred parts of beryl contain 16 of glucina ; 
but for the be ft method of analyzing the beryl, and of 
courfe obtaining the earth, we muft refer our readers 
to the aiticle Mineralogy in this Supplement 1 and 
ffiall conclude this fhort article with a valuable and ju- 
dicious remark of Vauquelin’s. 

“ almoft always happens (fays this able chemift), 
in the fciences of obfervation, and even in the fpecu- 
lative fciences, thaj a body, a principle, or a property, 
formeily unknown, though it may often have been 
ufed, or even held in the hands, and referred to other 
fimple fpecies, may, when once difeovered, 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 difeovered 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- 
ctfifes, it will be feen, that after I had determined the 
charadlers 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 pofieffes fume properties refembling 
thofe already knowm !.” ° 

GOLD, the molt perfed of all the metals. See 
ChemistrIndex 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 it flies in pieces under the hammer. This opi- 
nion was controverted by Staneffiy 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 metalsj 

     will. 

Glucina, 
Gold. 

(a) This name was gwen to the earth of beryl by the editor* of the slnnales de Chmie. Its moft charade 
nftic property being that it forms falts of a faccharine tafte, they gave it a name derived from ^ j 
f^et. According to this etymology, fhould not the name be Glflinu ?. t0 ^ 
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will coiltarninate gold in proportion to the quantity 
mixed with it, yet there does not appear in tin any 
thing fpecific&lly inimical to that precious metal. 

As we have elfewhere (fee Chemistry, n'J 109 !, &£:. 
Fncycl.) enumerated thefe experiments, aixl admitted 
the conclufion drawn from them, it becomes our duty, 
in this place, to ftate what has been urged againll that 
conclufion. 

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 dubtility does not 
require, determined, from refpebl to M. Alchorne, to 
repeat his experiments. 

His rtrft experiment* confided in mixing 24 grains 
of fine 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 lupport 
the mixed metal during fufion. He even fprinkled a 
{mall quantity of calcined borax upon the metal, in or- 
der that the fufion might be more hidden, that the 
metal might flow together, and the tin unite with the 
gold, without allowing time for it to become calcined. 
This alloy was fpeedily 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, notwithftanding his utmoft precaution in 
this refpebf, 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 
Tefult 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 
by 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 loll 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, he 
remarked, contrary to the nature of gold of 22 carats, 
that it was rigid, and would have required a conlider- 
able effort to give it any degree of curvature, or bring 
it to the flexibility it would have poflefied if no tin had 
entered into its compofition. Not fatisfied, however, 
with the inference naturally flowing from this circum- 
ftance, 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 mofl 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 byr too long 
hammering, he divided the bar by cutting off the part 
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which had been hammered out. This part was placed 
in the midll of lighted charcoal, in order that, by a 
moderate annealing, it might recover the flate of mal- 
leability it poffeffed 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, be 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 flate to be puffed between the laminating 
rollers. The annealed part, which might have the 
thicknefs of about a fhiiling, broke in the fire, though 
the heat was very gentle, into four or five portions. 
The longeft of thefe portions, which bed refitted the 
action of the fire, bent and twdfted ilfelf, and Ihew^ed, 
by this Hate of ilrong contraftion in different diredtions, 
that it had tended to break and become divided into 
fmall portions, fimilar to thofe which had already fepa- 
rated from it. 

Satisfied by this experiment that the piece of the 
mixed ingot which he had kept in its hammer-harden- 
ed flate w'duld not bear annealing, he determined to 
extend it ftiil more between the rollers, fetting them 
up very gradually, in order that the frafture, if it fhould 
take place, might be principally owing to the brittle- 
ntfs of the material, and not to the force of compref- 
fion to which it was fubje&ed. By this management 
he fucceedtd in extending the metal to double its 
length notwithttanding its hardnefs, and rendering it as 
thin as ftrong paper ; though the edges w'ere cracked 
through their whole length like the teeth of a faw. 
But this accident is not at all furprifmg, when it is 
confidered that gold, though alloyed Amply wdth cop- 
per, whatever may be the caitfe, does not poflefs its 
ufual duftility,particularly when it is laminated very thin, 
without repeated annealing as the metal becomes hard. 

Aware that the frafture of the pieces of gold might 
be attributed to an incomplete fufion, or unequal mix- 
ture of the two metals, he melted the whole ingot over 
again with the utmoft 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 
pofiible 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 crack ; 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 palled the laminating rollers 
without breaking. As be was fearful, nevertbelels, 
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-reducfs between the charcoal, be- 
fore it broke into five or fix parts, fome of which were 
fimply bended or twitted, and others flat as they quit- 
ted the rollers. Among the annealed pieces of this 

extremity 

Gold. 
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extremity of the ingot, there was one fuffieiently long^ 
though a little curled, which he laminated a fecond 
time, with the determination of rendering it very thin 
without the leaft annealing. It acquired at lead double 
the length it had at firft without breaking; and, if we 
except the two fides of this plate which were cracked, 
the body, or main piece, was entire. It was fpongy, 
and might be coniidered as if formed out of an ingot 
or common gold containing no tin, but not poffefling 
the whole of its natural dudility. 

“ 11 fays M. Tillet, from thefe experiments,’ that gold, whether fine or alloyed, when perfectly fufed 
W nV j"13/ ?0rtl

1°
n of the fine{l tin> acquires rigidity and hardnefs by the mixture ; that it lofes fomewhat of 

its diitmguifhing colour ; and that it may, indeed, by 
careful management, be extended to a certain degree 
by the hammer, or ftill better by the rollers ; but that 
as it cannot be annealed without danger of breaking, it 
is by this defed deprived of the eiTential advantage of 
recovering its original foftnefs after it has been Itiong- 
ly hammer-hardened. It is not but by careful manage- 
nient in the ufe of the hammer, and by frequent an- 
nealing, that artitts employed on works of gold and {li- 
ver iucceed in obtaining them without cracks, and 

nnging them to a ftate of perfedion, without being 
obliged to have recourfe to folder to repair the defeds 
which exceffive hardnefs under the hammer would oc- 
caiion. How much, therefore, ought gold-workers, 
Who continually have this metal in their hands, to be 
attentive to prevent the introdudion of tin in their 
workfhops, and never to employ fuch compounds of 
gold as are fubjed to break, or even to warp, while 
annealing? The expence of refining, which they would 
pay tor depurating fuch compounds, would be of lefs 
confequence to them than the lofs of time required for 

• management of fuch gold contaminated by tin, even if they did fucceed in ufing it, and were not 
o.ten forced to abandon, after much labour, a work 
nearly fimflied. 

“ ^ 11 be all°w’able (continues our author) to form 
conjedures on the caufe of the fradure of plates of gold 
containing tm, when fubjeded to the annealing heat, it 
may be prefumed, fince tin very fpeedily melts, while 
gold requires a llrong heat for its fufion, that the parts 
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,n a fort proportional equality with thofe of the gold, tend to feparate by a fpeedy fu- 

hon and at a very gentle degree of heat ; that they re- 
main without confidence between the parts of the gold, 
while the latter preferve the whole of their folidityt and 
do not lofe it even by the annealing heat : whence it 
eems, that the parts of the precious metal, when iami- 

ted among the coals, having no longer the foil'd con- 
nedion formed by the tin, but, on the contrary, having 
an infinite number of fmall cavities occupied by partf- 
cles of that metal in fufion, muft tend to difunion • 
w'hereas the fame accident does not take place in the 
pieces which have refilled the annealing, and have been 
laminated after cooling, becaufe the particles of tin 
have become folia by cooling, and have recovered their 
original Hate ot union with the gold. 

‘‘This fradure of the compound does not take place 
with an alloy of gold and copper, for an oppofite rea- 
lon to that which has here been explained ; namely, 
becaufe thefe two metals require nearly the fame heat 
or eir fufion. The effed of annealing being there- 

Suffl. Vol. I. Partll. ° & 
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fore equal upon botli, the metals, notwitliftandlnt; tin's 
treatment, preferve their natural confiflence, even tho’ 
the heat be carried near the point of fufion.,, 

GoiD-Leaf. See GoM-Leif {EncycL), where a full 
account is given from I)r Lewis of the procefs of gold- 
beating. In that article we have faid that gold-Laf 
ought to be prepared from the fineft gold ; but Mr Ni- 
cholfon whom all probability knows much more of the 
matter than the author from whom our account was co- 
p.ed, aflures us that this is a miftake, and that pure gold 
is too dudile to be worked between the gold-beater’s 

?• ,lh^ new^ft fl<lns will work the fined gold, and make the thinneft leaf, becaufe they are the fmootheft. 
Old flans, being rough or foul, require coarfer gold. 

hner the gold, the more dudile; infomuch that 
pure gold, when driven out by the hammer, is too foft 
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th? irregulariti'es, but would pafs ound them, and by that means become divided mto 
narrow dips The fineft gold for this purpofe has three 
grains of alloy in the ounce, and the coarfeft 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-gold is iUver, or copper, or both, and the 
colour is produced ol various tints accordingly. Two 
ounces and two pennyweights of gold is delivered by 
the mafter to the workman, who, if extraordinary fkil- 
ful, returns two thoufand leaves, or eighty books of 
go d, together with one ounce and fix pennyweights of 
wafte cuttings. Hence one book weighs 4.8 Lins 
aud as the leaves meafure 3.3 inches in the fide, the 
hieknefs of the leaf is one two hundred and eighty two 

thoufandth part of an inch. b y 

The yellow metal called Dutch gold Is fine brafa. It 
^ laad to be made from copperplates, by cementation 
With calamine, without lubfequent fufion. Its thick 
nefs, compared with that of leaf gold, proved as in to' 
4, and under equal furfaces it is confiderably more than 
twice as heavy as the gold. Nicholfon's Journal, vol. 

GOLDONI (Charles), was born at Venice in the 

0^
r T1, HC gave,.early '‘^'’cations of his humour- 

tl fe r’ iWf 38 hlS inv,‘nci'ble Pro
Penfity to thofe (Indies which have rendered his name immortal 

His father, perce.vmg that the darling amufement of 
hisjon was dramatic performances, had a fmall theatre 
eretted in his own houfe, in which Goldoni, while vet 
an infant, amufed hunfelf with three or four of his com- 
panions, by ailing comedies. Before he was fent to 
ichoo!, his genius prompted him to become an author. 
In the feventh and eighth years of his age, eve he had 
fcai cely learned to read correctly, all his time was de- 
voted to the perufing comic writers, among whom was 
Cuogmm, a Florentine, little known in the dramatic 
commonwealth. After having well ftudied thefe he 
ventured to (ketch out the plan of a comedy, which 
needed more than one eye-witnefs of the greateft nro 
bity to verify ,ts being the produ&ion of a child. 

. A*ter having fin idled his grammatical (ludies at Ve mce, and his rhetorical (ludies at the Jefuit’s college in 
.Perugia, he was fent to a boarding-fehool at Rimini 
to ftudy plulofophy The impulfe of nature, howl 
ever, fuperfeded with him the ftudy of Ariftotle’s 
W,0l’L much m vogue in thofe times. He frequent- ed the theatres with uncommon curiofity; and pafling 
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Goldoni, gradually from the pit to the llage, entered into 2 fa* 
—v miliar acquaintance with the a<ftors. When the fea- 

fon of comic performances was over, and the actors 
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 phyfician, 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 practitioner in Modena. An horrid cere- 
mony of ecclefiaftical jurifdiCtion, at which he wras pre- 
fent, infpired him with a melancholy turn, and he de- 
termined to become a capuchin. 

H is 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 lome 
ftay 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 fooh’lh refolution. It was how- 
ever neceffary for him to be fettled in fome employ- 
ment ; and he was prevailed upon by his mother, alter 
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- 
tajy ; where becoming acquainted with the manager of 
the theatre, he wrote a farce, entitled II Gondoliere Ve- 
nexiano, 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 aftor Cofali, 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 compofed feveral pieces. Plaving removed along 
with them to Genoa, he was for the firft time feized 
with an ardent paffion for a lady, who loon 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 refide fome time in 
Tufcany, he repaired to Florence and Pifa, where he 
wrote 'The Footman of Tnvo Mafters, 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 thele 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 heft of his produ&ions. 
The firft edition of his works was publilhed in I753> 
in io vols. 8 vo. As he wrote afterwards a great num- 

ber of new pieces for the theatre of St Luca, a fepa- GnMotri. 
rate edition of thefe was publilhed, under the title of v ■J 

The New Comic Theatre : among thefe was the Te* 
retice, called by the author his favourite, and judged to 
be the mafter-piece of Iris works. He made another 
journey to Parma, on the invitation of Duke Philip, 
and from thence he palled to Home. 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 confequently adapted to the 
theatre of a private company. Here ends the literary 
life of Goldoni in Italy. 

Through the channel of the French Ambafiador in 
Venice, he had received a letter from Mr Zenuzzi, the 
firft a£tor 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 
feledt and numerous company of excellent performers 
in the Italian theatre. They were, however, charge- 
able with the fame faults which he had correfted 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 jells, which are ever accompanied by atlions, 
geftures, and motions, are the fame in all countries, and 
ahnoft perfe&ly 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 fufficient 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 heft. 

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 mailer to the 
princeffes, 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 afflifted 
him the reft of his life ; for being aceuftomed to read 
while in the chaife, he loft his fight on a fudden, and 
in fpite of the moil 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 
fufficient 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 thele 
occupations, was delirous to fhew to the French that 
he merited a high rank among their dramatic writers. 
For this purpofe, he negle£led nothing which could be 
of ufe to render himfelf mafter of the French language. 

He 
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Gol'Wn, IJe hesu’d, fpoke, and converf'ed to much In it, that, in 

-C^ori Hope frig g 2d 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. 

_ fids piece was the Bourru Bienfaijant ; and it met 
with fo great fuccefs, that the author received a boun- 
ty of 150 loin’s from the king, another gratification 
from the performers, and confiderable fums from the 
bookfcllers who publifhed it. He publifhed, foon after, 
another comedy in French, called L'Avare Fajlueux. 
After the death of Louis XV. Goldoni was appointed 
Italian teacher to the Princefs Clotilde, the prefent 
princefs of Piedmont ; and after her marriage he at- 
tended the late unfortunate Princefs Elizabeth in the 
fame capacity. 

The approach of old age obliged him to quit Ver- 
iaillts, an,d to live in Paris, the air of which, lefs fharp, 
was better adapted to his conilitution. The laft work 
of Goiuoni was 7 he Volponi, written after his retire- 
ment from court ; front which time be bade a Jailing a- 
dieu to writing. Unfortunately for him, he lived to fee 
his penfions cut off at the revolution, like others, and 
he Ipent his lail days in poverty and diftrefs. He died 
in 1792, at a crifis when, according to the exprefiion 
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 greateft 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—91, in 31 vols. 8vo. He lias been ge- 
nerally called the Moliere of Italy; and Voltaire,1 in 
one of his letters to Marquis Albergati, ftyles him The 
Painter of Nature. Goldoni is one of thofe authors 
whole writings will be relifhed in the moft remote 
countries, and by the lateft pofterity. 

GOOD-HOPE, or Cape of Good Hope, vyas ta- 
ken by the Britifh on 17th Auguft 1796 with very little 
difficulty. At this we need not be much furprifed, if 
to the difcontent which mull have prevailed among the 
planters and townfmen with the new order of things, 
he added the manners of the people. M. Vaillant, 
who was at the Cape during the laft war, when the* 
garrifon expe&ed to be every day attacked by a Bri- 
tifh fquadron, and when the people were not abfolute- 
ly difgufted with their own government, reprefents 
them, however, as rendered fo completely frivolous by 
imitating the manners of their French allies, that, 
though the place was flrongly fortified, it could hardly 
be expelled to hold out long againft a vigorous and 
well conducted fiege. 

“ The females of the Cape (fays he), when I faw 
them for the firft time, had really excited my aftonifh- 
ment by their drefs and their elegance ; but I admired 
in them, above all, that modefty 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 lyodes that 
they copied ; it was a caricature of the French. Plumes, 
feathers, ribbons, and tawdry ornaments heaped toge- 
ther, without tafte, on every head, gave to the prettieft 
figures a grotefque air, which often provoked a fmile 
When they appeared. This mania had extended to 
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the neighbouring plantations, where the women could ri°"0 n«P» 
Icarcely be known. A mode of drefs entirely new' v—^ 
was everywhere introduced ; but fo fantaftical, that it 
would have been difficult to determine from what coun- 
try it had been imported.” 

At that time a french and a Swifs regiment were in 
the garrifon ; and though the town was occupied only 
witu warhke preparations, and though an attack from 
the Bntifh fleet was every moment expended, the 
French officers had already introduced a tafte for plea- 
luie. Employed in the morning at their exercife, the 
French foldiers in the evening added plays. A part of 
the barracks was transformed into a theatre ; and as 
women capable of performing female characters could 
not be found in the town, they affigned thefe parts to 
lome of their comrades, whofe youth, delicate features, 
and frefhnefs of complexion, feemed bell calculated to 
lavour the deception. Thefe heroines, of a new kind, 
heightened the curiofity cf the fpedlators, and render- 
ed the entertainment ftill more lively and interefting. 

to add to the general pleafure, ladies of the firft. 
rank conlidered it as incumbent on them to lend to the 
military adlors and adtrefles, their laces, jewels, rich 
dreiles, and moft valuable ornaments. But lome of 
them had caufe to repent of their condefcenfion ; for 
u happened more than once that the Countefs of VI- 
m a viva having left in pledge at the futtling-houfe her 
borrowed decorations, the owner, to recover them, was 
obliged to difcharge not only the bill due for brandy 
and tobacco, but ad the other debts of the heroine. 

During the intoxication and giddinefs occafioned by 
thefe ammements, Eove alfo did not fail to acl his 
part; and certain little intrigues were, from time to 
tune, brought to light, which gave employment to the 
tongue ot icandal, and introduced unhappinefs into fa- 
milies. Hymen, it is true, amidft thefe adventures, 
fometimes intervened to repair the follies of his bro- 
ther ; and many marriages, which reftored every thing 
to order, were the relult of Ins negotiations ; but the 
complaints, though ftifled, did not lefs exift. The 
watchtuhiels of the mother was alert. The hufhand, 
by fo much the more fecretly irritated as he faw him- 
felf obliged to conceal his jealoufy, curfed in his heart 
both adtors and theatre ; while the matronly part of 
the community, Ids on the referve, declaimed with bit- 
ternefs againft the licentioufnefs that prevailed, which 
they wholly imputed to this mode of theatrical enter- 
tainment. At laft, to the great mortification of the 
young, hut to the high fatisfadion of the old women 
and hu/bands, the theatre was on a fudden fhut up. 
.The caufe that affedled 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 mull 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 banifhed from the,Cape; 
and the company, affiamed of the adventure, dared nei- 
ther feek others to fupply the vacant places, nor re- 
lume their ftage entertainments. 

Intoxicating as were thefe pleafures, government 
meanwhile had not been inattentive to the danger 
which threatened the colony. As they daily expeded 

4X2 lo 
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Good Hope to be attacked by the Britifh fleet, they had increafed 

the means .of defence, and ordered different works and 
new fortifications to be conftrudfed. 

At fir ft, the bufinefs was carried on with aftivity 
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 fervowr 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 firlt 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, almoft 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 defcribed by M. Vaillant, 
who certainly had the beil opportunities of knowing 
them. 

The planters of the Cape may be divided into three 
claffes ; 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 diftant ftill, are found at the 
extremity of the frontiers among the Hottentots. 

The firft, who are opulent proprietors, and have 
handfome country houfes, may be likened to what was 
formerly called in France petits feigneurs terriers^ and 
differ extremely from the other planters in eafe and 
luxury, and particularly in their manners, w »ch are 
haughty and difdainful. Such is the refult of wealth. 
The fecond, fimple, 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 conftrudt, 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 refpeft 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 fluggiih tribes are held in horror by their in- 
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duftrious neighbours, who dread their approach, and Hope 
remove as far from them as they can ; becaufe, having —v— 
no property of their own, they fteal without fcruple 
that of others, and, when in want of pafturage for their 
cattle, condudf them fecretly to the firft cultivated 
piece of ground that comes in their way. They flat- 
ter themfelves they (hall not be difcovered, and they 
remain till every thing is devoured. If detefted in 
their thelts, fquabbles and contentions enfue, and af- 
terwards a fuit at law, in which recourfe is had to the 
magiftrate, and which commonly terminates in making 
three men enemies, the robber, the perfon robbed, and 
the judge. 

Nothing can be fo mean and cringing as the conduct 
of the firft defcription of planters, when they have any 
thing to tranfaft 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 their furly and piti- 
ful arrogance. Though neighbours to the planters 
who inhabit the interior of the country, you muft 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 wrord anfwering to the low- 
ed defcription of clown. Accordingly, when thefe 
honeft cultivators come to the town upon any kind of 
bufinefs, they never flop by the way at the houfes of 
the gentry of whom we are fpeaking ; they know 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, w'hom 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 (hameful 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 themlelves that, 
under the guife of fupercilious manners, they could 
hide the abjeefnefs 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 which 
formerly baniftied their fathers, and they treat him 
with the moft fovereign contempt. 

This melancholy failing is the more to be lamented 
as the contagion has fpread through almoft every refi- 
dence about the Cape, which is in reality a very charm- 
ing canton. Embelliffied by cultivation, by its nume- 
rous vineyards and pleafant country houfes, it every- 
where exhibits fo varied and delicious a profpeft, that, 
were it occupied by other inhabitants, it would excite 
no fenfations but thofe of pleafure. 

As 
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Good Hope As we advance into the' country* the planters are a 

—s/— fort of farmers ; and conditute, by their manners, cuf- 
toms, and occupations, a clafs by themfelves, perfectly 
diftinft from what we have been defcribing. Situated 
farther from the Cape, and, of confequence, not ha- 
ving the fame opportunities for difpoiing of their com- 
modities, they are lefs rich than the iirll. We fee a- 
mong them none ot thofe agreeable country houfes, 
which, placed at dilferent diltances from the town, em- 
belliih the country as we pafs, and afford fuch charm- 
ing profpedts. Their habitation, which is about the 
lize of 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 relide during the day, ami that they 
receive their tea and other viiitors. 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- 
liits of barns and llables. 

Such is the diftribution which is generally followed 
in the interior plantations of the colony ; but nearer to 
the frontiers, where there does not prevail the fame 
eafe of circumftances, the habitations are much lefs 
commodious. They are merely a barn, confifting of a 
fingle room, without any divifion, in which the whole 
family live together, without feparating either day or 
night. They deep upon flteep fkins, which ferve 
them alfo for covering. 

The drefs of thefe planters is fimple and rnftic. That 
of the men confifts of a check ihirt, a waiftcoat with 
deeves, a large pair of trowfers, and a hat half unloop- 
ed. The women have a petticoat, a jacket fitted to 
their drape, and a little round bonnet of mudin. Un- 
lefs upon extraordinary occadons, 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 diould have feme 
covering; and this covering they make from a piece of 
the hide of an ox, applied and draped to the foot foon 
after the animal is killed, and while the hide is yet 
fredr. Thefe fandals are the only article of their drefs 
which they make themfelves the red is the buiinefs 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 droes, and is dreffed exactly like an Eu- 
ropean. But this dnery 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. 

price ; and the planter who comes from the defert, and Good Hdpe 
who can underitand but liule of this fludluation, is fure '““"V" J 

to be duped. 
On the other hand, the regular fhopkeeper, who 

know-s the probity of thefe farmers, and how punftual 
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 duds, 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 fuf- 
fer themfelves to be prevailed upon, they are (hackled 
for life. Upon their 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^ Tiie 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. 

Cudom 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 flocks afford them plenty of proviiion. 
The chief food is mutton ; and their tables are loaded 
wuth fuch profuflon as to difgud one at the fight. 

From this mode of living, cattle are in the colonies, 
as in other places, not only a ufeful objeft, but an ar- 
ticle of the fird neceflLty. The planter undertakes 
himfelf the care of watching over his flocks. Every 
evening, when they return from the field, he dands 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 inadlion in which they 

It is commonly in thefe journeys that they purchafe live, one would fuppofe their fupreme felicity to confid 
'n tninrrQ sic mav ixrnnt tr* t npir txruin rlmnrr rw-it-hirirf rPKU    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 fmall: of courfe they bear no fixed 

doing nothing. They fometimes, however, viiit 
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 vifits to have one 
fource of amufement. When any one of the company 
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• Good Hnj e ,‘s ckfirous of lighting his pipe, he takes out his poucli, 

j1 aud, having filled, paffes it to the reit. I his ss a ctvi- 
lity that is never omitted. However numerous may 
be the party, every body imokes : the confequence of 
which is a cloud, that, rjfing at tirft to the upper part 
of the room, increafes, by degrees, till it fills the whole 
houfe, and becomes at lail fo thick that it is impoftibie 
for the fmokers to fee one another. 

When a Granger travelling through the country is 
received by the mailer of a houfe, he inftantly becomes 
a member of the family. Acculfomed to a domeftic 
life, the planters delight in the ties of affinity, and con- 
fider in the light of a relative every perfbn whom they 
love. Upon entering a houfe, the form of falutation is, 
to {hake hands firft with the mailer, 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 refuted to him ; and this refufal, of 
fo common a teftimony of friendihip, is looked upon as 
a formal declaration that the vifitor conliders 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 lignal affront. 
Old or young, all muft be killed. 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 p raft ice is univerfal. The inha- 
bitants never drink pure water. If a ftranger prefents 
himfelf, it is tea they offer him for refrefnment. 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 itranger arrives at dinner-time before the cloth is 
taken away, he (hakes hands, embraces, and immediately 
feats himfelf at the table. If he wilhes to pafs the 
night, he (lays without ceremony, fmokes, drinks tea, 
a Iks the news, gives them all he knows in his turn ; 
and the next day, the killing and lhaking 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 Britilh charac- 
ter, and the mildnefs of the Britifh government, will 
gi adually 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 
1724, 172?, *729. M. de Lagny’s method of gonio- 
metry conlifts in meafuring the angles with a pair of 
compaffes, and that without any fcale whatever, except 
an undivided femicircle. Thus, having any angle drawn 
upon paper to be mealured, produce one of the lides 
of the angle backwards behind the angular point; then 
with a pair of fine compaffes defcribe a pretty large 
femicircle from the angular point as a centre, cutting 
the lides of the propofed angle, which will intercept a 
part of the femicircle. Take then this intercepted part 
very exadlly between the points of the compaffes, and 
turn them fuccelRvely over upon the arc of the femi- 
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circle, to find how often it is contained in it, after wkielj 
there is commonly fome remainder : then take this re- 
mainder in the compaffes, and, in like manner, find how 

■often it is contained in the laft of the integral parts of 
the firft arc, with again fome remainder : find, in like 
manner, how often this laft 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 fradlion, give the ratio of the firft arc to 
the femicircle, or ol the propofed angle to tw-e 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, ami frankly acknowledge that we had never 
thought of it till we perufed his excellent Dictionary of 
Mathematics and Philofophy. To have omitted the 
method when pointed out to us would have been wrong ; 
though we miftake much if mathematicians in general 
will not look upon it as a method of very little value. 

GOTHIC Architecture. See Gothic Archi-tec- 
turk in this Suppl. and Roof, Encycl. 

GOUVERNANTE, the Spanilh name of a plant 
which the Indian^ of California ufe in decoClion as a 
fudorific drink for the cure of the venerial difeafe. It 
is thus defcribed in the third volume (Englilh tranfla- 
tion) of Peroufe’s Voyage round the World. 

Calyx quadrified, egg-fhaped, of the lame fize with 
the corolla ; placed beneath the fruit, deciduous. Co- 
rolla polypetalous; petals four, fmall, entire, egg-lha- 
ped, fixed upon the receptacle. Stamina, eight, fixed 
to the receptacle, of the fame length as the corolla : 
threads channelled, concave on the one fide, and con- 
vex on the other; wings veiled, anther* fimple. Piftil, 
germ oblong, covered, with five angles, and five cells ; 
feeds oblong 5 pericarpium covered with fine hairs. 

This plant is a Ihrub of middle fize ; the branches 
are angular and knotty, and covered with an adhefive 
varnilh ; the lateral branches are alternate, and placed 
very near to each other: the leaves are fmall, petiola- 
ted, bilobed, oppofite, finooth on the upper fide, the 
under fide indiftmftly veined ; the blofibms 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 inftrument of glais, conltruiffed 
in all refpedts on the principle of Nicholfon’s Hydro-* 
meter, deferibed in the article Hydrostatics, ii° 18. 
Encycl. It is therefore needlefs to give a defeription 
of this inftrument here ; as every artift in glafs, who has 
feen Nicholfon’s hydrometer, or underftands our de- 
feription of it, may conllruft the gravimeter of Mor- 
veau ; and every man who has made himfelf mafter of 
our article Specieic 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 bafon 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 account of this inftrument, if any 
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of our readers can be fuppofed to require a minute ac- 
*" count of it, we muft refer to the third number of Ni- 

cholfon’s Journal of Philofophy, Chemjjlry, 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 fufficient account will be found in the En- 
cyclopedia, under the articles Coi.ouR-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 Aftracan, in giving to 
cotton yarn that beautiful green colour for which the 
oriental cotton is fojuftly admired. 

The principal dye is the blue, which is employed 
both for cotton and filk. To prepare it, the indigo 
or blue dye-ftuff is finely pounded, and diflblved in wa- 
ter by a gentle heat in large earthen jars, feven of 
which Hand in brick-work over the fire-place, at the 
diftance of about an ell and a half from each other. 
About two pounds are put into each velfel. 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 ftrengthened and when the 
whole begins to boil, the dye is ftirred carefully round 
in all the vefl'els, that every thing may be completely 
diffblved and mixed. After the firft boiling the fire 
is fiackened, 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 Hand 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 diminifh, they can dye alfo a green co- 
four by the addition of yellow. 

When a manufafturer gives cotton yarn to a blue 
dyer, he firft boils it at home in a ley of foda (la/a- 
iar), then dries it, wafties it, and dries it again. The 
blue dyer lays this yarn to fteep in pure water, prelfes 
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 
firft 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 frefli 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 Aftracan employ 
partly faw-wort, brought from Ruflia, and partly the 
leaves of the ki/lar beige or fumach. The procefs'is as 
follows : The yarn is firliboiled for an hour in a ftrong 
ley of foda ; 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. 
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On this yellow colour a green is often dyed. After Gregory, 

the yarn has been dyed yellow, it is given out to the —-y— 
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 fufficiently high, the o- 
peration is repeated, the yarn being dried each time. 
See Neue Nordifche Beytrage, by Profeffor Pallas ; or 
Philofopbical Magazine, tr 2. 

GREGORY (David), was a fon of 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 refledling telefcope. He 
was born about the year 1627 or 1628 ; and though 
he pofleffed all the genius of the other branches of his 
family, he was educated by his father for trade, and 
ferved an apprenticeftu’p to a mercantile houfe in Hol- 
land. Having a ftronger paffion, however, for know- 
ledge than for money, he abandoned trade in 1675 ; 
and returning to his own country, he fuceeeded, 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 confpicuous 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 fubjed of this memoir, while he 
lived at Kinardie, 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 
fludied for his amufement, and began to pradtife 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 no 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 ftudies 
for fome hours, went to bed again and ilept an houf . 
or two before breakfaft. 

He was the firft man in that country v/ho had a ba-- 
romeler ; 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 prei- 
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 profecutiort 1 
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 (>ueen- 
Anne’s war employed his thoughts upon an improve- 
ment in artillery, in order to make the Ihot of great 
guns more deltrudlive to the enemy, and executed a - 
model of the engine he had conceived. Dr Reid in- 
forms us, that he converfed with a clock-maker in A- 
berdeen who had been employed in making this model ; 
but having made many different pieces by diredlion 
without knowing their intention, or how they were to 
be put together, he could give no account of the 
whole,. After making fome experiment? with thi 3 mo- 
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del, which fatisfied him, the old gentleman was fo fan- 
guine in 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 feat his model to his fon the Sa- 
vilian profefibr, 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 difpleafed with it, 
faying, that if it had tended as much to the preferva- 
tion of mankind as to their deftrudtion, the inventor 
would have deferved a great reward ; but as it was con- 
trived folely for deftrudiion, and would foon be known 
by the enemy, he rather deferved to be punifhed, and 
urged the profeffor very ftrongly to deftroy it, and if 
poflible to fupprefs the invention. It is probable the 
profeffbr 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 unqueftionable, 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- 
ftruftive weapons than javelines and bows and arrows ; 
and yet it is a well known 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 effedt, ftill 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 publifiied. 

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 intrufted with a manufeript copy of the 
Principia, for the purpofe of making obfervations on 
it. Of thefe Newton availed himfelf in the fecond 
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, prefeuted to it by Dr James Gregory, 
the prefent profeffor of the praftice of medicine. Thefe 
contain many fublime mathematical difeuffions, many 
valuable commentaries on the Principia, and many jn- 
terefting anecdotes. There are in it fome 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 
pradfifed, the grinding of tools is attended with great 
inconveniency, arifing from the produdfion or develope- 
ment of heat by friction. The fadt 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 ftone is partly immerfed in a trough of water, the 
rotation muft be moderate and the work flow, 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 
requifite low temperature. It is even found, that the 
point of a hard tool, ground untler a confiderable 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 gnndftone 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 ftone 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 directions, to afford a lodgement 
for the emery. The face of the (lone was left fmooth, 
and there was a trough of proper fize applied beneath 
the Hone 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 mechanifm 
of the lathe ; the velocity being fuch as to turn the 
grinding apparatus about five revolutions in a fecond. 
The ftont operated but {lowly, and the water from the 
trough was foon exhaufted, with inconvenience to the 
workman, who could fcarcely be defended from it but 
by flackening the velocity. The emery cylinder cut 
rather fafter. But notwithftanding the fridfion was 
made to operate fucceffively and by quick changes on 
the whole 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 increalcd 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 inftant the fridlion 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- 
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c‘ofa> , moving it to a new zone of the cylinder. The fame 
- .v effed 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. W hen oil was ufed upon the wooden 
cylinder, the heat developed by the fridion was em- 
ployed in railing the temperature of the tool and of the 
fluid oil : but when tallow was fubftituted inftead of 
the oil, the greatell part of the heat was employed in 
fufing this confillent body. From the increafed capa- 
city of the tallow, when melted, this heat was abforb- 
ed, and became latent, inltead of being employed to 
raife the temperature ; and whenever, by continuing 
tne 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 uled thefe two cylinders, 
with much fatisfadlion, in a confiderablc quantity of 

This prornifes to be a valuable difeovery ; and the 
public is obliged to the ingenious author of the Philo- 
fophical Journal fur 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 he 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 paymafter ; but fo much had difiipa- 
f'on taken pofleffion 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 pleafantly 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 occafion roufed 
h,s latent talents. With a good claffical education 

e united a fine tafte tor drawing ; and encouraged by 
his friends, as well as prompted by his fituation, he 
undertook the work from which he derived both pro- 
fit and reputation ; we mean, his Views of Antiqui- 
ties in England and Wales, which he firft began to 
publ'fh in numbers i0 the year 1773, finithed in 
the year 1776. The next year he added two more 
volumes to his Engliffi Views, in which he included 
the i(lands of Guernfey and Jerfey, which were com- 
pleted in 1787. This work anfwered his moft ian- 
gume expectations ; and, from the time he began it to 
the end of his life, he continued without intermiffion 
to publiffi various works (a lift of which we fubjoin), 
generally to the advantage of his literary reputation, 
and almoft always to the benefit of his finances. His 
wit and good humour were the abundant iource of fa- 
tisfaCtion to himfelf, 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 
In numhers. Before he had concluded this work, he 
proceeded to Ireland, intending to furnith that kino-, 
i-om with views and deferiptions of her antiquities, in 
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the fame manner he had executed thofe of Great Bn. Grofe. 
tain ; but foqn after his arrival in Dublin, being at the   v*”* 
houfe of Mr Horne there, he fuddenly was felzed at 
table with an apopledtic fit, on the 6th May .791, 
and died immediately. He was interred in Dublin. 
. . literai7 hiftory (fays a friend), refpeCIable as 
it is, was exceeded by his good humour, conviviality, 
and friendship. Living much abroad, and in the beft 
company at home, he bad the eafieit habits of adapt- 
ing himfelf to all tempers ; and, being a man of gene-- 
ral knowledge, perpetually drew out fome converfatiou 
that was either ufeful to himfelf or agreeable to the 
party. He could obferve upon moft things with pre- 
cifion and judgment ; but his natural tendency was to 
humour, in which he excelled both by the felecbon of 
anecdotes and his manner of telling them : it may be 
laid, too, that his figure rather affifted him, which was 
in fa£t the very title-page to a joke. He had neither 
the pride nor malignity of authorflu'p : he felt the in- 
dependency of his own talents, and was fatisfied with 
them, without degrading others. His friendihips were 
ot the fame call ; conftant and fincere, overlooking 
fome faults, and feeking out greater virtues. He had 
a good heart ; and, abating thofe little indiferetions na- 
tural to moft men, could do no wrong.^ 

He married at Canterbury, and refided there forre 
years, much beloved and refpeded for his wit and vi- 
vacity ; “ which (another friend obferves), thoimh 
he poffefied in an extreme degree, was but little tinc- 
tured with the cauftic ipirit fo prevalent among fpirits 
ot that clafs. His humour was of that nature which 
exhilarates and enlivens, without leaving behind it a 

though perhaps none poffeffed more than 
himfelf the faculty of “ fettiug the table in a roar,” it 
was never at the expence of virtue or good manners. 
Ot him indeed may be faid in the words of Shakc- 
tpeare, 

a merrier man, 
Within the limits of becoming mirth, 
I never fpent an hour’s talk withal : 
His eye begets occafion for his wit ; 
And every objed that the one doth’catch, 
ific other turns to a mirth-moving jeft# 

“ Of the moft carelefs, open, and artlefs difpofition, 
tie was often (particularly in the early part of his life) 
the prey of the defigning ; and has more than once (it 
is believed) embarrafted himfelf by too implicit confi- 
dence m the probity of others. A tale of diftrefs never 
tailed to draw commiferation from his heart ; and often 
has the tear been difeovered gliding down that cheek 
which a moment before was fluffied 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 1 790 deputy £0- 
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. 

qto and 8vo. 2. 1 he Antiquities of Scotland, 2 
vois. 4to and 8vo. 3. The Antiquities of Ireland, 2 
vols 4to and 8vo. 4. A Treatife on ancient Armour 
and Weapons, 4to, 1785. 5. A Claffical Diaionary 
of the Vulgar Tongue, 8vo, 1785. 6. Military An- 
tiquities ; being a Hiftory of the Engliffi Army from 
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the Conqueft to the prefent titre, 2 vols 4to, 1786, 
1788. 7. The Hiftory of Dover Caflle, by the Rev. 
William Danell, 4to, 1786. 8. A Provincial Glof- 
fary, with a Colle&ion 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, 4.10, 1789. 11. 
A Guide to Health, Beauty, Honour, and Riches ; 
being a colleftion of humorous' Advertifements, point- 
ing out the Means to obtain thofe bleffings ; with a 
fuitable introdu&ory Preface, 8vo. 12. The Olio ; be- 
ing a Colle&ion of Elfays in 8vo, 1793. 

GUERITE, in Fortification, a centry-box ; being 
a fmall tower of wood, or Hone, ufually placed on the 
point of a baftion, or on the angles of the fhoulder, to 
hold a centinel, who is to take care of the ditch, and 
watch again!! a furprife. 

GUILLOTINE, a new term introduced into the 
languages of Europe by the mournful eff’e&s of fanati- 
cifm in the holy caufe of liberty. Our readers are not 
ignorant that this is the name given by the National 
Affembly of France to the engine of decapitation, which 
thofe ufurpers of the legifiative authority decreed to be 
the foie punifiiment of thofe condemned to death for 
their crimes. This decree was iffued on March 20th 
1792. 

We do not imagine that the world will derive much 
ufeful inftruftion from a minute defcription of this ter- 
rible inftrument of public juftice ; and therefore corn- 
tent ourfelves with giving two figures of it, fufficiently 
exprefixve of its conftruftion. 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 has 
ever been ufed ; and it is ftill fiiewn as a fort of curiofity 
by the name of the Mayden. 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 affociated 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 Hang of philanthropy, which 
cofts fo little, promifes fo much, and has now corrupt- 
ed all the languages of Europe. His invention is in- 
deed one of the moft 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 injuuftions 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 occafion 
to deliver, with academic ccldnefs, 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 fineft 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 Hoping edge, by 
which means »7 glijfoit d’une fag on hifimtment plus douce. 
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This diflertation was fo much to the tafte of the hit- GuillotlEe 
mane legiftature, that they rewarded Mr Louis with U 
2000 livres, and publifhed it in the Paris Journals. As l^£0W*~ 
to the inventor, he reaped all the benefit from it which u— 
he fo kindly intended for the nation, by the trial of it 
on his own perfon, when'he fell under the difpleaiure 
of Robefpierre. 

We acknowledge, that in as far as this inftrument 
leffens the duration of the horrid conflid! with the king 
of terrors, and probably diminifhes the corporeal fuffer- 
ance, it may be called merciful (alas ! the day!) ; but 
we queftion much, whether the dreadful agitation of foul 
is not rather increafed by the long train of preparatory? 
operations. The hands of the convidl are tied behind 
his back : he is then ftretched along on his face on a- 
ftrong plank, and his precife pofition adjufted to the in. 
ftrument. When faftened to the plank, it is puftied 
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 mutt, employ a good deal of 
time, and every moment is terrible. 

The conftrucftion 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 Aftembly, 
fent on a provincial or fpecial vifitation. Thus did the 
fovereign people become terrible in majefty. So fen- 
fible was the affembly 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 fous, ftruck at Mentz 
in 1793, and iffued 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 fafces and axe of ancient Rome, 
crowned with a red cap, and furrounded by a laurel 
wreath. \s, RepuMique Frangoife, 1793* 
an. 2d. Fully impreffed with the fame ientiments, 
Lequinio, the fentimental novellift of France, whom 
Mercier compares with the tender, the heart-touching. 
Sterne—Lequinio, now commifiioner, fent by the Na- 
tional Affembly to regenerate Normandy and Brittany* 
writes to his matters, that “ he is very fuccefsful in con- 
verfionsfrom fuperftition to found reafon.” He oppofes 
to the Bible and the relufts of the faints the conftitu- 
tion and the guillotine. “ 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 ftu- 
pid worfhippers of Notre Darney look at our lady the 
guillotine; are filent, becomes ferious,. and their doubts 
vanifti;—they are converted. This is your labarum—- 
in hocJtgno vinces.” 

GULA, Gueule, or Gola, in Architedlure, 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 
fufpedted that the knowledge of it was conveyed from 
the eaft into Europe ; but all have agreed to allow the 

merits 
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dunpow. merits of the invention both to friar Bacon and to 
^ 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 affures us that the Arabs made 
ufe of it in 690 at the fiege of Mecca ; and he adds, 
that they derived it from the Indians, among whom 
it muft have been known in the remoteft ages, lince 
their facred books (the Vedam) forbid the ufe of it in 
war. 

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 firfl obferved ; and a few experiments 
founded on that obfevvation, will lead to the ccmpofi- 
tion which produces fuch fudden and violent effedts. 
“ 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 mofl diftant hiftoric events. A- 
mong the Chinefe, it has been applied at all times to 
ufeful purpofea ; fuch as blafting rocks, and removing 
great obttrudtions, 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 paflage of the 
enemy, and blowing him up. But its force had not 
been direfted through llrong metallic tubes as it was 
by Europeans foon after they had difeovered 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 manufaftured by thofe who have 
manufactured it fo long, it is definable to know the 
compofition and the qualities. It was therefore na- 
tural for the Hon. George Napier, when fuperintend- 
ing the royal laboratory at Woolwich, and making ex- 
periments upon fo neceflary 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 

* Tranfac- mean refult gave the following proportions *. Nitre 
Hons of the I oz. lodwts. charcoal 6 dwts. fulphur 3 dwts. 14 
Royal Irijh grs. Here is a deficiency in weight of ten grains, 

cademy. which M. Napier fuppofes the confequence of fome de- 
feft 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 efFe& it, one fourteenth part 
remaining united, three grains muft be dedu&ed from the 
charcoal and 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 fomewhat 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 perfeCl prefervation. 

When we confider the operations in which gunpow- 
der is employed, it is obvious that it muft be an objedl 
of importance to afeertain its explofive force j and yet 

there is fcarccly a fubjeft concerning which the moft Gunpow- 
approved writers have fo much differed. Mr Robins, ^er' 
who has done more towards perfecting the art of gun- * ™’ 
nery than any other individual, ftates the explofive force 
oi gunpowder to be 1000 times greater than the mean 
preffure of the atmofphere; while the celebrated Daniel 
Barnouilli determines it to be not lels than 10,000 times 
this preffure. bach a difference of opinion led Count 
Rumford to purtue a courfe of experiments, of which 
fome were publifhed in the Tranfa&ions of the Royal 
Society for the year 1781, and the remainder in the 
Tran factions of the ;ame Society for 1797 ; wuth the 
view principally of determining the initial expanfive 
force of gunpowder. By one of thefe experiments, it 
appeared, that calculating even on Mr Robins’s own 
principles, the force of gunpowder, inflead of being 
lOOO times, muft at leaft be 1208 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 fatisfaftorily determine it. 
Defpairing of fuccefs in that way, he refolved to make 
an attempt for afeertaining this force by a&m 1 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 preffure of the 
atmofphere. 

Mr Robins apprehends that the force of fired gun- 
powder confifts in the action of a permanently elaftic 
fluid, fimilar in many refpedts 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 combuftton 
of gunpowder, affift in producing the effe&s which re- 
fult from its explofion, its enormous force, allowing it 
to be 50,000 times greater than the mean preffure of 
the atmofphere, cannot be explained, without fuppofing 
that it arifes principally from the elafticity of the a- 
queous vapour generated from the powder in its com- 
buftion. 

“ The brilliant difeoveries of modern chemifts (fays 
he) have taught us, that both the conftituent parts of 
which water is compofed, and even water itfelf, cxift 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. Lavoiher, I know, imagined that the force of fired 
gunpowder depends in a great meafure upon the ex- 
pan five force of uncombined 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 aumit the adtion of an agent whofe exiftence is not 
yet clearly demonftrated; but it appears to me that 
this fuppofition is quite unneceffary, the elaftic force 
of the heated aqueous vapour, whofe exilten.ee can 
haidly 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, 
when heated only to a few degrees above the boiling 
point, can eafily perceive that its elafticity muft be ah 
moft infinite when greatly condenfed and heated to the 
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temperature of red-hot iron ; ami this heat it mult cer- 
tainly acquire in the exploiion ol gunpowder. But it 
the force of fired gunpowder arifes principally from the 
elaftic force of heated aqueous vapour, a cannon is no- 
thing more than 3. Jlearn engine upon a peculiar con- 
ftrudtion ; and upon determining the ratio of the elaf- 
ticity of this vapour to its deafity, and to its tempera- 
ture, a law will be found to obtain very different from 
that 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- 
flead of cauiing the generated elaftic fluid to acl on a 
moveable body through a determined fpace, which he 
had found to be inefteclual to his purpofe, he contrived 
an apparatus in which this fluid ftiould be made to a6f, 
“ by a determined furface, againft a weight, which, by 
being increafed at pleafure, fliould at lait be fuch as 
would juft be able to confine it, and which in that cafe 
would juft counterbalance and confequently meafure the 
elaftic force.” 

Having fucceeded in fetting fire to the powder, 
without any communication with the external air, “ by 
can ling the heat employed for that ptirpofe to pals 
through the folid fubftance of the barrel, it only re- 
mained to apply fuch a weight to an opening made in 
the barrel, as the whole force of the generated elaftic 
fluid fhould not be able to lift, or difplace.” Many 
precautions v/ere necelfary. A folid block of very hard 
ttone, 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 Hone, 
which ferved as a bafe to the whole machinery, was 
placed the fmall barrel, in which the explofions were 
made, with its opening direftly upwards. This open- 
ing was clofed by a folid hemiiphere of hardened fteel, 
on w'bich the weight to be overcome by the explofion 
was laid. Having charged the barred wuth 10 grains 
of powder, its whole contents being about 28 grains, 
and a 24 pounder, weighing 8081 lbs. avoirdupois, be- 
ing placed on its cafcabel fo as by its weight to con- 
fine the generated elaftic fluid, a heated iron ball was 
applied to the end of the vent tube (a fmall foiid 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 elaftic vapour ruftied 
out of the barrel. The flight effefl 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 elaftic fluid that had been thus almoft 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 bell hammered iron, 
and uncommonly ftrong. The charge of powder a- 
mounted to little more than -j^th of a cubic inch, which 
is not fo much as would be required to load a fmall 
pocket-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 
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the barrel in the preceding experiment, of the real force Gunpow- 
ernployed by the elaftic vapour to burft it; and he com- 
putes that it muft have been equal to the preflure of a ^ 
weight of 412529103.; which, by another computation, 
he found to be 55004 times greater than the mean 
preflure 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 burft it was equal to the prefiure of a weight of 
410624^11)8. This weight, reduced into atmofpheres, 
gives 54750 atmofpheres for the meafure of the force 
exerted by the elaftic fluid in the prefent inftance. This 
force muft be confiderably lefs than the initial force of 
the elaftic fluid generated in the combuftion of gun- 
powder, before it has begun to expand; “ lor it is more 
than probable (fays Count Romford) that the barrel 
was in faft burft before the generated elaftic fluid had 
exerted all its force, or that this fluid would have been 
able to have burft a barrel (fill ftronger than that ufed 
in the experiment.” 

After having fhewn the extreme force of fired gun- 
powder, the Count adverts to an objection which may 
be made againit 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 ? Inftead of an- 
fwering this queftidn, by afldng how it happened that 
the extremely ftrong barrel ufed 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 fuppofed to 
be, he proceeds to fhew that the combuftion of gun- 
powder, inftead of being inftantaneous, as Mr Robins’s 
theory fuppofes, is much lefs rapid than has hitherto 
been apprehended ; an obfervation which, if eftablifhed, 
is certainly fufficient to anfvver the objeCfion. 

He remarks, that it is a well-known faCt that, on the 
difebarge of fire-arms of all kinds, there is always a 
coniiderable quantity of unconfumed grains of gunpowr- 
der blown out of them; and what is very remarkable, as 
it leads direCfly to a difeovery of the caufe of thiseffedft, 
thefe unconfumed grains are not merely blown out of the 
muzzles of fire-arms, but come out alio 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 mufket, when 
it has been difeharged, have found to their coll. 

It appears extremely improbable to our author, if 
not abfolutely impofiible, that a grain of gunpowder ac- 
tually in the chamber of the piece, and completely fur- 
rounded by flame, ftiould, by the aCtion 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 mofl decifive 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 utmoft 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 
fuffer die remains of the grain to fall to the ground un- 
changed, and as inflammable as before. 

This extraordinary faCt was afeertained beyond all 
poffibility of doubt by the Count’s experiments. Ha- 
vjng procured from a powdermill in the neighbourhood^ 
of the city of Munich a quantity of gunpowder, all of 
the fame mafs, but formed, into grains of very different 
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fizes, fome as fmall as the grains of the fineft Battel 
powder, he placed a number of vertical fcreens of very 

‘““thin paper, one behind another, at the diftance of i 2 
inches from each other ; and loading a common mullcet 
repeatedly with this powder, fometimes without and 
fomctimes with a wad, he fired it againft the foremoil 
fcreen, and obferved the quantity and eftefts of the un- 
conlumed grains of powder which impinged againfl 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 diftance 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 1 2 feet. 

The charge of powder was varied in a great number 
of different ways; but the moft interefting experiments 
were made with one fingle large grain of powder, pro- 
pelled by fmaller and larger charges of very fine grain- 
ed powder. 

Thefe large grains never failed to reach the fcrcen ; 
and though they fometimes appeared to have been bro- 
ken into feveral pieces by the force of the explolion, 
yet they frequently reached the fcreen entire ; and 
fometimes pafied 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 fcveen ; which was 
evident, not only from their not fetting fire to the pa- 
per (which they fometimes did), but aifo from their 
being found flicking in a foft board, againft which they 
ilruck, after having pafied 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 
projedled into the cold atmofphcre. 

That thefe globes or large grains of powder were al- 
ways fet on fire by the combuftion 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 1 
and when this was the cafe, no veftige was to be 
found. They fometimes pafied on fire through feve- 
ral of the foremoft fcreens without fetting them on fire, 
and let fire to one or more of the hindmoft, and then 
went on and impinged againft the board which was 
placed at the diftance of twelve inches behind the laft 
fcreen. 

The Count then proceeds to mention another expe- 
riment, in which the progreffive combuftion of gun- 
powder was (hewn in a manner Hill more ftriking, and 
not lefs conclufxve. 

A fmall piece of red hot iron being dropped down 
into the chamber of a common horfe piftol, and the 
piftol being elevated to an angle of about 45 degr ees, 
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 Gunpow- 
was projected into the atmofphere by the elafiic fluid der- 
generated in its own combuftion, leaving a very beauti- ir_ v T1 

ful train of light behind it, and dilappearing all at once 
like a falling (tar. This amufing experiment was re- 
peated very often, and with globes of different fizes. 
When very fmall ones were ufed iiiigiy, they were com- 
monly confumed entirely before they came out of the 
barrel of the piftol; but when feveral of them were 
ufed together, fome, if not all of them, were common- 
ly projected into the atmofphere on fire. 

As the fiownefs of the combuftion of gunpowder is 
undoubtedly the caufe which has prevented its enor- 
mous and almoft incredible force from being difcover- 
ed, our author deduces, as an evident confequence, that 
the readied way to increafe its effeds, is to contrive 
matters fo as to accelerate its inflammation and com- 
bnftion. This may be done in various ways ; but, in 
his opinion, the moft fimple and moft eftedual manner 
of doing it would be to let fire to the charge of pow- 
der, by (hooting (through a fmall opening) the flam* 
of a fmaller charge into the rnidft of it. 

He contrived an inftrument on this principle for 
firing cannon three or four years ago; and it was found, 
on repeated trials, to be ufeful, convenient in pradice, 
and not liable to accidents. It likewife fuperfedes the 
neceflity of ufing priming, of vent tubes, port-fires, and 
matches ; and on that account he imagined it might be 
of ufe in the Britifti navy, but it does not appear to 
have been received into pradice. 

Another infallible method of inereafing very confi- 
derably the effed of gunpowder in fire-arms of all forts 
and dimenfions, would be to caufe the bullet to fit the 
bore exadly, or without windage, in that part of the 
bore at lead where the bullet lefts on the charge ; for 
when the bullet does not completely clofe the opening 
of the chamber, not only much of the elaftic fluid, ge- 
nerated in the firft moment of the combuftion of the 
charge, efcapes by the fide of the bullet; but what is 
of Hill greater importance, a con fide r able part of the 
unconfumed powder is blown out of the chamber along 
with it in a (late of adual combuftion, and, getting be- 
fore the bullet, continues to burn on as it paftes through, 
the whole length of the bore.; by which, the motion of 
the bullet is much impeded. 

The lofs of force which arifes from this caufe, is in 
fome cafes almoft incredible p and it is by no means dif- 
ficult to contrive matters fo as to render it very appa- 
rent, and alio to prevent it. 

If a common horie-piftol be fired with a loofe ball, 
and fo fmall a charge of powder that the ball (hall not 
be able to penetrate a deal board fo deep as to (lick in 
it when fired againft it from the diftance of fix feet ; 
the fame ball, difeharged from the fame piftol with the 
fame charge of powder,, may be made to pafs quite 
through one deal board, and bury itfelf in a fecond 
placed behind it, merely by preventing the lofs of force 
wnich ari(es from what is called windage, as he found 
more than once by a&ual experiment. 

The Count has in his poffefiion a mulket, 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- 
ilruftion with the fame quantity of powder. And,., 
what renders the experiment Hill more ftriking, the 
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diaineter of the bore of his mufket is exa£liy the fame 

, as that of a common muiket, except only in that part 
of it where it joins the chamber, in which part it is 
iuft fo much contra&ed, that the bullet, which is next 
to the powder, may flick fafl in it. He adds, that 
though the bullets are of the common fixe, and are con- 
-fequently confiderably lefs in diameter than the bore, 
means are ufed which effedtually prevent the lofs of 
force by windage ; and to this lafl circumftance he 
concludes, it is doubtlefs owing, in a great meafure, 
that the charge appears to exert fo great a force in 
propelling the bullets. 

That the conical form of the lower part of the bore 
where it unites with the chamber has a confiderable 
fhare in producing this extraordinary effect, is, how- 
ever, very certain, as he has found by experiments made 
with a view merely to afeertain that fadl. 

At the clofe of the Count’s lafl memoir, we have a 
computation, defigned to fhew that the force of the e- 
laftic fluid generated in the combuflion of gunpowder, 
enormous as it is, may be fatisfadlorily explained on the 
fuppofition that it depends folely on the elaflicity of 
watery vapour, or fleam. From experiments made in 
France in the year 1790, it appears that the elaflicity 
of fleam is doubled by every addition of temperature 
equal to 300 of Fahrenheit’s thermometer. As the 
heat generated in the combuflion of gunpowder can- 
not be lefs than that of red-hot iron, it may be fup- 
pofed equal to ioOO°of Fahrenheit’s fcale but the 
elaflic force of fleam is juft equal to the mean preflure 
of the atmofphere, when its temperature is equal to 
that of boiling water, or to 212° of Fahrenheit’s ther- 
mometer ; confequently 2l2° + 30o 240° will repre- 
fent the temperature, when its elafticity will be equal 
to the preffure of two atmofpheres ; and, purfuing the 
calculation, at 602°, or 2° above the heat of boiling 
linfeed oil, its elaflicity will be equal to the preflure of 
8192 atmofpheres, or above eight times greater than 
the utmoft force of the fluid generated in the combuf- 
tion of gunpowder, according to Mr Robins’s compu- 
tation : but the heat in this cafe is much greater than 
that of 602° of Fahrenheit ; and therefore the elafticity 
of the fleam generated from the water contained in the 
powder mufl be much greater than the preffure of 8192 
atmofpheres. At 722°, the elafticity will be equal to 
the preflure of 13 1,072 atmofpheres ; and this tempe- 
rature is lefs than the heat of iron, which is vifibly red- 
hot in day-light, by 3550:—but the flame of gunpow- 
der has been found to melt brafs, which requires a heat 
equal to that of 3807° of Fahrenheit ; 2730w above 
the heat of red-hot iron, or 3805 " higher than the tem- 
perature which gives to fleam an elafticity equal to the 
preflure of 131,072 atmofpheres. That there is in 
gunpowder water fufficient for fupplying the neceflary 
quantity of fleam, the author has very fatisfaClorily e- 
vtneed ; but we muft not purfue his curious inveftiga- 
tions any farther. Thofe who want a fuller account 
of them, will find it either in the original memoirs 
themfelves, or in a very accurate abridgment of thefe 
memoirs in the firft volume of Nicholfon’s ‘Journal of 
Natural Pbilofophy> See. 

We cannot conclude this article without mentioning 
a new kind of gunpowder, invented fome years ago in 
France, in which the marine acid is fubflituted, in 
equal quantity, for nitre. Dr Hutton tried fome of 
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this new powder which was made at Woolwich, and 
found it of about double the ftrength -of the ordinary 

but it is not likely to come into common and ge- fort 
neralufe, for the preparation of the acid is difficult and 
expenfive (See CH£MiSTR.Y-/«ckx in this SuppL), and 
the powder which is made of it catches fire and ex- 
plodes from the fmalleft degree of heat, and without 
the aid of a fpark. It is to this circumftance, how- 
ever, that its fuperior ftrength feems to be in a great 
meafure owing. 

GUNTER’s Chain. See G eometb.y, Encyclopae- 
dia, Part II. chap. 1. 

GUT-toe, a dangerous difeafe to which oxen and 
male calves are rendered liable by an improper mode of 
caftration. In fome places, and particularly in Here- 
fordfhire, the breeders of cattle, when they caftrate 
their calves, open ferotum, take hold of the tefticles 
with their teeth, and tear them out with violence ; by 
which means all the veffels thereto belonging are rup- 
tured. The vafa dferentia, entering by the holes of 
the tranfverfe and oblique mufcles into the abdomen, 
pafs over the ureters in acute angles; at which turning, 
by their great length and elaftic force, the peritoneum 
is ruptured ; the 'vafa deferentia are fevered from the 
tefticles, and, fpringing back, form a kind of bow from 
the urethra, where they are united, over the ureters, to 
the tranfverfe and^ oblique mufcles, and there again unite, 
where they firft entered the abdomen ; the part of the 
gut that is tied is the jejunum, at its turning from 
the left fide to the right, and again from the right to 
the left, forming right angles under the kidney, and at- 
tached to the duplicature of the peritoneum, to which 
it was united, where the rupture happened. There the 
bow of the gut hangs over the bow of the vafa defe- 
rentia, which, by a fudden motion, or turn of the beail, 
form a hitch or tie of the ftring round the bow of the 
gut (filled with air), fimilar to what a carter makes on 
his cart line. This caufes a ftoppage in the bowels, 
and brings on a mortification, which, in two days, or 
four at moft, proves fatal: And to this accident is the 
beaft, when callrated as above, liable from the day that 
he was caftrated till the time of his being flaughtered. 

The fymptoms of the gut-tie are the fame as thofe 
of an incurable colic, volvulus, or mortification of the 
bowels. The beaft affiedled with this complaint will 
kick at its belly, lie down, and groan ; it has alfo a to- 
tal ftoppage in its bowels (except blood and mucus, 
which it will void in large quantities), and a violent 
fever, &c. To diftinguifli with certainty the gut-tie 
from the colic, &c. the hand and arm of the operator 
mull be oiled, and introduced into the anus, through the 
redlum, beyond the os pubis, turning the hand down to 
the tranfverfe and oblique mufcles, where the veffels of 
the tefticles enter the abdomen. There the ftring will 
be found united to the mufeies, and is ealily traced to 
the llridlure by the hand, without pain to the beaft. 

From the general view of the agriculture of the coun- 
ty of Hereford, drawn up by Mr Clark of Builth, Bre- 
conlhire, we learn that Mr Harris farmer at Wickton, 
near Leominfter, had been uncommonly fuccefsful in 
the cure of the gut-tie. That gentleman informs us, 
that he had cut cattle for this difeafe from the age of 
three months to that of nine years ; and as it is a mat- 
ter of great importance, we ffiall ftate his method of 
®perating in his own words. 

“ The 

Gnmer, 
Gut-tie. 
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“ 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 afTe&ed ; if poffible, keep the 
beaft handing by the help of proper afiiftants. The 
knife I make ufe of to fevere the firing is in the form 
of a large fifh-hook, with an edge on the concave 
fide ; it is fixed to a i^ng, which fits the middle finger, 
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 inteftines ; with it I 
divide the firing or firings, and bring out one or both, 
as circumftances require. Here it is to be obferved, 
that great care mufi 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 
firong thread, eight or ten double, fufficiently waxed ; 
I alio few up the fkin, 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- 
fter 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 
cf 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 eider-bark. J admimfter the gruel and 
infufion for at leafi 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 fate 
from this fatal diforder. 

“ The following fimple and eafy method of caftra- 
tion will dfedtually prevent the gut-tie. Open the 
ferotum, loofen out the tefticles, and tie the feveral vef- 
fels with a waxed thread or lilk ; 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 ftri&ure or tie on the gut.” 

G l. Z, an Indian meaiure, varying in different places, 
but which may be reckoned about an Engliffi yard. 
The guz of Akbar was 41 fingers. 

Gut-t’e, 
Guz. 
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Hances TTANCES, Ranches, Haunches, or Hanfes, in ar- 
fl. chite&ure, are certain fmall intermediate parts of 

a“'ot‘ 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 fpandreh. See Arch in this 
Supplement. 

HANSPIKE, or Handspec, a lever or piece of 
firong wood, for raffing by the hand great weights, 
&c. It is five or fix feet long, cut thin and crooked at 
the lower end, that it may get the eafier between things 
that are to he feparated, or under any thing that is to 
be railed, it is better than a crow 01 iron, becaule its 
length allows a better poife. 

HARRIOT (Thomas) was a very eminent mathe- 
matician of tne 16th and 17th centuries, of whom fome 
account has been given in the Encyclopedia Britannic a. 
In that article it has been ffiewn, that Des Cartes had 
feen feme improvements of Harriot’s in algebra, and 
publiffied them to the world as his own ; but^this piece 
of plagiarifm has been more completely proved in the 
Aftronomical Ephemeris for the year 1788, by Dr 
Zache, aftronomer to the Duke of Saxe-Gotha ; who 
likewife ffiews that Harriot was an aftronomer as well 
as an algebraift. 

“ I here prefent to the world (fays the Do&or) a 
fliort account of fome valuable and curious manuferipts, 
which I found in the year 1784 at the feat of the earl 
of Egremont, at Pet worth in Suffex, 

predecefibr 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 Mascenas of the learned 
men of bis 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 conitant 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 Analytic a Praxis, ad equationes alge- 
Iraicas nova expeditata & generali methodo, rcfolvendas, 
"TraCiatus pnjlhumus ; 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 ffiould in any way diminiffi the 
fame of their Vieta and Des Cartes, efpecially the lat- 
ter, who was openly accufed of plagiarifm from our au- 
thor. 

“ Des Cartes publiffied his Geometry fix years after 
Harriot’s work appeared, viz. in the year 1637. Sir 
Charles Cavendiffi, then ambaffador at the French court 

Harriot! 
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at Paris, obferved to the famous geometrician Rover- 
val, that thefe improvements in analyiis had been already 
made thefe lix years in England, and (hewed him af- 
terwards Harriot’s Artis Analytic* Praxis; which, as 
Roverval was looking over, at every page he cried out, 
Out! oui! il l'a vu ! Tes ! yes ! he has feen it ! Des Cartes 
had alfo been in England before Harriot’s death, and had 
heard of Ids new improvements and inventions in analylis. 

“ Mow all this relates to Harriot the celebrated 
analvif ; but it has not hitherto been known that Har- 
riot was an eminent ailronomer, both theoretical and 
practical, which firlt appears by thefe manuferipts; 
among which, the molt remarkable are 199 obferva- 
tions of the fun’s fpots, with their drawings, calcula- 
tions, and determination of the fun’s rotation about his 
axis. There is the greateil probability that Harriot 
was the firft difeoverer of thefe fpots, even before either 
Galileo or Scheincr. The earliett intelligence we have 
of the firll difeovered folar fpots is of one Joh. Fabri- 
eius Phryiius, who in the year 161 1 publilhed at Wit- 
temberg a fmall treatife, intitled, De Maculis in Sole ob- 
fervatis IA apparente eorum cum Sole conuerfione narratio. 
Galileo, who is commonly accounted the firll: difeoverer 
of the folar fpots, publilhed his book, IJloria e Dimon- 
(IraAoni intorne alle Machie Solare e loro accideute, at 
Rome in the year i6f3. His firil 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 
ihewn them feveral months betore {molti mej't 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. 11. gives a more precife term to this 
difeovery. Galileo there fays in plain terms, that he 
had obferved the fpots in the fun ;8 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 thofe of father 
Scheiner of the month of O&ober in the fame year. 
But now it appears from Harriot’s manuferipts, that 
his firft obfervations of thefe 1 pots 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 Jofeph a Cofta’s Natural 
and Moral Hijlory of the Wejl Indies ; in which he re- 
lates, that in Peru there are fpots to be feen in the fun 
v/bich 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£t obfervations of tbefe fpots, Ihew 
alio that he was in pofteffion of the beft and moft im- 
proved telefcopes of that time ; for it appears he had 
fome with magnifying powers of 10, 20, and 30 times. 
At lead there are no earlier obfervations of the folar 
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fpots extant than his; they run from December 8. 
1610, till January 18. 1613. 1 compared the corre-v 

fponding ones with thefe oblerved by Galileo, between 
which I found an exaft agreement. Had Harriot had 
any notion about Galileo’s diicoveries, 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. 

“ 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 pofi- 
tions, and calculations of their revolutions and periods. 
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 folftices, of refraftion, 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-ftatf, by meafuring their diftances from 
fixed ttars ; whence thefe obfervations are the more va- 
luable, as comets had 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- 
matiori, 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 afligned the term ol 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 fubjeCt of Harriot’s 
papers, and efpecially on this comet, with the celebra- 
ted mathematician M. de la Grange, diredfor of the 
Royal Academy of Sciences at Berlin, he then fuggelt- 
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 fatisfaftory 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 exaft determination of it by the moft 
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 fuggeft a way 
of refolving the problem a pojleriori; that of determining 

Harriot. 



HAS 
by them the elements of its ellipfis. x uC ,claraauoa 
ot the comet, compared to its period, may clearly be 
aid to the account of the attradion and perturbation it 

has iuffered 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 lhare which is dr.e to Saturn • 
whence the mafs of the latter may be inferred In 
conference thls confideration, I have already be^un 
to reduce molt of Harriot’s obfervations of this comet, 
in order to calculate by them the true elements of its 
orbit on an elliptical hypothefis, to complete M. de la 
O-range’s idea upon tin's matter. 

I forbear to mention here any more of Harriot’s 
analytical papers, which I found in a very great num- 
ber. _ 1 hey contain feveral elegant folutions of qua- 
dratic, cubic, and biquadratic equations; with fome 
otuer lolutions and /oca geometricthat Ihew his eminent 
qualifications, and will ferve to vindicate them an-aiuft 
the attacks of feveral French writers, who refufe him 
the jultice due to his (kill and accomplilhments, merely to 
lave Des Cartes’s honour, who yet, by fome impartial 
men of his own nation, was accufed of public plaguarifm ” 

HASSEIQUIST (Frederick) was bo™ i„ the 
piovince of Ealt Gothland in 1722, and ftudied medi- 
cine and botany ia the univerfity of Upfal. LiWus 
had in his ledures reprefeiued the extraordinary merits 
and great celebrity which a young {Indent might ob- 
tain by travelling through Paleiline, and by inquiring 
into and defcnb.ng the natural hiftory of that country, 
which was till then unknown, and had become of the 
greateft importance to interpret the bible, and to un- 
deritand ealtern philology. Haffelquilt was fired with 
ambition to accomplifh an objeft fo important in itfelf, 
and (o warmly recommended by his beloved mailer. 
1 here being no fund arifing from the liberality of the 
crown, private colle&ions were made, which poured in 
very copioufly, efpecially from the native country of 

TT,T,"iVtra,el'Cr- AI1 tl": facl,lties “ft11' univerfity 01 Upfal alfo granted him a {Upend. 1 

1 hus prote&ed, he commenced his journey in the 
fummer of j 749 By the interference of Lagerftroem, 
he had a free paffage to Smyrna in one of the Swedifh 
Eafl Indiamen. He arrived there at the conclufion of 
the year, and was received in the moft friendly manner 
by Mr A. Rydel, the Swedifh conful. In the begin- 
umg of 1750 he fet out for Egypt, and remained nine 
months at Cairo the capital. Hence he fent to Lin- 
naeus, and to the learned focieties of his country, fome 
fpecimens of h,s refearches. They were publifhed in 
the public papers, and met with the greatefl approba- 
tion ; and upon the propofition of Dean Baeck and Dr 
Wargentin fecretary of the Royal Academy of Scien- 
ces, a colledhon of upwards of 10,000 dollars in copper 
money was made for the continuance of the travels of 
young HafTelquifl. Counfellors Lagerftroem and Nor- 
dencrantz were the moft a&ive in raifing fubferiptions 
at Stockholm and Gothenburgh. In the fpring of 
1751, he repaired to his deftination, and paffed through 
Jaffa to Jerufalem, Jericho, &c. He returned after- 

TIfifl3 Rholus .and Sc'° to Smyrna. Thus he fulfilled all the expe&ations of his country, but he was 
not to reap the reward of his toils. The burning heat 
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The retardation of the fandy deferts of Arabia had affected his lungs • 

he reached Smyrna in a ftate of illnefs, in which he 
1 1 r r • inuvio, in wn langiulhed for fome time, and died February o. 
in the 30th year of his age. 

The fruits of his travels were, however, preferved 
through the liberality of a great princefs. He had been 
obliged to contraa debts. The Turks, therefore, feized 
upon ail his c ollettions, and threatened to expofe them 
to public fale. The Swedifh conful prevented it. He 
lent, with the intelligence of the unhappy exit of his 
countryman, an account of the diftrefles under which he 
ried’~a"d.at the reprefentation of Dean Baeck, Queen 
Louifa Ulrica granted the fum of 14,000 dollars imeop. 
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, 
ihells, birds, ferpents, iniefts, &c. and were kept in the 
cabinets at Ulrichfdale and Drottningholm. The fpeci 
mens of the natural curiofities of thefe mufeums being 
double or treble in number, Linnseus obtained fome of 
them, and publiftied the voyage of his ill-fated friend, 
and honoured his memory with a plant which he called 

T? I%name HaIehU'lfta- H A S SE LQU iSTA,-EtlCVcl. HA I-makinc is a mechanical procefs, which is de- 
tailed in the Encyclopedia from the beft information 
that could then be obtained. We have lately learned 
however, that our detail is fometimes defedlive, and 
tometimes erroneous; and it is our duty to fupply thofe 
defects, and to correct thofe errors. But, ftrangers as 
we are to the bminefs of hat-making, we fttouid not 
perhaps have fuipected, that we had been miffed by the 
perfons whom we eonfulted, had we not been informed 
by a very intelligent writer in Nicholfon’s Philofophical 
Journal, that the account of the manufadturing of hats 
which IS given in the Encyclopedia, is far from the 
truth. 1 h,s information induced us to look through 
the Journal itfelf for a more accurate account of the 
procefs; well convinced, that the liberal-minded author 
of that work would not have pointed out our miftakes 
without making us welcome to avail ourfelves of his 
aid to correa 4hem. Our readers will therefore be in- 
debted only to Mr Nicholfon and his correfpondent for 
whatever inftrudlion they may derive from this article • 
and as we wifti not to deck ourfelves in borrowed 
plumes, we fiiall communicate that inftrudion in the 
words of its author. 

Having vifited the manufaaory of Mcflrs CoIIinfons 
hatters in Gravel-lane, Southwark, Mr Nicholfon gives’ 
the following account of their procedure : 

‘ Hie materials for making hats are rabbits fur cut 
oft from the fkm, after the hairs have been plucked out 
together with wool and beaver. The two former are 
mixed in various proportions, and of different qualities'* 
according to the value of the article intended to be made ’ 
and the latter our author believes to be univerfally ufed 
for facing the finer articles, and never for the body or 
mam fluff. Experience has {hewn, that thefe materials 
cannot be evenly, and well felted together, unlefs all the 
fibres be firft feparated, or put into the fame Hate with 
regard to each other. This is the objeft of the fiift 
proceis, called bowing. The material, without any pre- 
vious preparation (a), is laid upon a platform of wood, 

4Z or 
(a) Some writers mention a partia4 wetting of the fur while on the fkin K v u^i t 

°f n,traK °f mercu''!'t0 ;t * <=“!• Meflrs C.Uinfon, do not ofc it,’ „afy pre^m^‘.h 3 ^ 
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or of wire, fomewhat more than four feet fquare, called “ When the halt it Mciently bowed, ,t ts ready for 
a hvrdk which is fixed atrainrt the wall of the work- hardening; which term denotes the firft commencement 
Ihop ami is enlightened by a fmall window, and fepa.' of felting. The prepared material being evenly difpo- 
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 
diftance of one-fortieth or one-fiftieth of an inch from 
each other, for the purpofe of fuffering the dull, and 
other impurities of the fluff, to pafs through ; a pur- 
pofe ft ill more effedtually anfwered by the hurdle of 
wire. 

“ The workman is provided with a how, a bow-pm, a 
bafket, and feveral cloths. The how is a pole of yellow 
deal wood, between feven and eight feet long, to which 
are fixed two bridges, fomevvhat like that which re- 
ceives the hair in the bow of the violin (is). Over 
thefe is ftretched a catgut, about one-twelfth part of an 
inch in thicknefs. The bow pin is a flick with a knob, 
and is ufed for plucking the bow-ftring. The bafket is 
a fquare piece of ozier work, confiding of open ftrait 
bars with no crofting or interweaving. Its length acrofs 
the bars may be about two feet, and its breadth eigh- 
teen inches, fl he fidcs into which the bais are fixed 
are ftightly bended into a circular curve, fd that the 
bafket may be fet upright on one of thefe edges near 
the right hand end of the hurdle, where it ufually 
ftands^ The cloths are linen. Befides thefe implements, 
the workman is alfo provided with brown paper. 

“ The bowing commences by fhovelling 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, fir ikes part of the fur, and 
caufes it to rife, and fly partly acrofs the hurdle in a 
Hfiht 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 maffes of the filaments are per- 
fe&ly opened and obliterated. The quantity thus treat- 
ed at once is called a batty and never exceeds half the 
quantity required to make one hat. 

fed on the hurdle, is firft preffed down by the convex 
fide of the bafket, then covered with a cloth, and preffed 
fucceffiveiy in its various parts by the hands of the 
workman. The preffure is gentle, and the hands are 
very flightly moved back and forwards at the fame time 
through a fipace 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 fhort time, indeed, 
the fluff acquires fufficient firmnefs to bear careful 
handling. The cloth is then taken off, and a fhect 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 jun&ion 
diametrically oppofite to that of the inner felt, which it 
muft therefore greatly tend to ftrengthen. 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 contrails in its dimenfions. It 
may eafily be underftood, that the chief ufe of the pa- 
per is to prevent the fides from felting together. 

“ The hafoning is followed by a ftill more effe&ual 
continuation of the felting, called working (d). This is 
done in another fhop, at an apparatus called a battery, 
confifting of a kettle (containing water flightly acidula- 
ted with fulphuric acid, to which, for beaver hats, a 
quantity of the grounds of beer is added, or elfe plain 
water for rinfing 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. T-he outei or 
upper edge of each plank is about two feet broad, and 11 riles 

(b) Mr NicholfonVcorrefpondent, who is himfelf a hatter, fays that the bow is beft made of afh ; that i is 
eompofed of thefe or handle ; that the bridge at the fmaller end, or that which is 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 

Mr Nicholfon’s dorrefpondent fays, that after bowing, and previous to the bafoning, a hardening Jhn, 
that is, a large piece of fkin, about four feet long and three feet broad, of leather alumed or half tanned, is preffed 
tjpon the batj 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 tne procefs ox mode of working, 
being the fame as that praftifed upon a wool hat after bowing ; the laft being done upon a piece ^ caft meta , 
fou/feet acrofs, of a circular (hape, called a bafon : the joining of each batt is made good here by ftiuffling th 
band 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, Ind to join the two together. Many journeymen, to hurry this work, ufe a quantity 
vitriol (fulphuric acid), and then, to make the nap rife and flow, they kill the vitriol, and open the body g 
by throwing in a handful or two of oatmeal ; by this means they get a great many made, though, at the lame 
time, they leave them quite grainy from the want of labour. This, in handling the dry grey hat when made, 
may be in part difeovered : but in part only. . , i , •„ 

(d) The intelligent writer who has been fo often quoted, fays, that before t is operaaon is v on, 
dipped into the boiling kettle, and allowed to lie upon the plank until cold again ; t us is ca e< Joa ing, ’ 
being perfectly faturated with the hot liquor : if they are put in too haftily m this Hate for they are hen only 
bowed and bafoned, they would burft from the edges,, each batt not being fufiiciently felte in o e o i 
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rife3 a little^riofe 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 fake, 
but only renders it rough to the tongue. In this li- 
quor, heated rather higher than unpra&ifed 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 neceffary, to prevent 
the fides from felting together ; of which, in the more 
advanced (tages of the operation, there is no danger. 
The imperfections of the work now prefent themfelves 
to the eye of the workman, who picks out knots and 
other hard fubftances with a bodkin, and adds more felt 
upon all Inch parts as require llrengthening. This 
added felt is patted down with a wet brufh, and foon 
incorporates with the reft. The beaver is laid on to- 
wards the conclufion of this kind of working. Mr 
Nicholfon could not diftinCtly learn why the beer 
grounds were ufed with beaver-hats. Some workmen 
faid, that by rendering the liquor more tenacious, the 
hat 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- 
facturers who now follow the eftabliftied praCtice, may 
not have tried what are the inconveniences this addition 
is calculated to remove.” 

Our author’s correfpondent, however, afiigns feveral 
reafons for the addition of thofe dregs, which, he fays, 
ought to be thick, and the foureft that can be got. 
i. 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 fill the body, 
whilft a little vitriol cleanfes it of the dirt, &c. 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 etich hat 
when it comes to be Itiffened, 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 ; confequently 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 fatisfa&ory. 
But be this as it may, acid of fome kind gives a rough- 
refs to the furface of the hair, which facilitates the me- 
chanical aCtion of felting ; and Mr Coliinfon informed 
Mr Nicholfon, that in a procefs, called carotting, 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 fiove 
all night ; by which means the hair acquires a ruddy 
or yellow colour, and lofes part of its ftrength. 

“ It mull be remembered, that our hat (till pofiefies 
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 
forne difficulty, in every direction. The next thing to 
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be done is to give it the form required by the wearer, 
bor 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 tin's fold, but to 
produce another inner fold of the fame depth. The 
point being returned back again in the fame manner, 
pioduces a third fold ; and thus the workman proceeds, 
until the whole has acquired the appearance of a fiat 
cnculai piece, confifting ot a number ot 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 contad with 
the plank, till he has, by tin's means, rubbed out a, fiat 
portion equal to the intended crown of the hat. In 
the next puice, ne takes a block, to the crown of which 
he applies the flat central portion of the felt, and by 
forcing a itring down the Tides of the block, he caufts 
the next part to aiiume the figure of the crown, which 
he continues to wet and work, until it has properly dif- 
pofed itfelf round the block. I fie rim now appears 
like a flounced or puckered appendage round the edge 
of the crown ; but the block being iet upright on the 
plank, the requilite figure is loon given by working, 
rubbing, and extending this part. Water only is ufed 
in this operation of fafhioning or blocking; at the con- 
clufion of which it is preffed out by the blunt edge of 
a copper implement for that purpofe. 

“ Previous to the dyeing, the nap of the hat is raifed 
or loofened out with a wire brufli, or carding initru- 
ment. . The fibres are too rotten after the dyeing to 
bear 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. As the time of Mr Collinfon was limit- 
ed, and my attention, fays Mr Nicholfon, was more par- 
ticularly directed to the mechanical procefles, I did not 
go into the dye-houfe ; but I have no doubt that the 
hats are boiled with the logwood, and afterwards im- 
merfed in the faline folution. I particularly afked whe- 
ther galls were ufed, and was anfwered in the negative. 

“ The dyed hats are, in the next place, tako^to the 
ftiffening (hop. One workman j affifted by a boy, does 
this part of the bufinefs. He has two veffels, or boil- 
ers, the one containing the grounds of ftrong beer, 
which cofts feven fhillings per barrel, and the other vef- 
fel containing melted glue, a little thinner than it is 
ufed by carpenters. Our author particularly afked, 
whether t‘iis laft folution contained any other ingre- 
dient befides glue, and was allured that it did not. The 
beer grounds are applied in the infide of the crown to 
prevent the glue from coming through to the face, and 
alio, as he fuppofes, to give the requifite firmnefs at a 
Ids expence than could be produced by glue alone. If 
the glue were topafs through the hat in different places, 
it might, he imagines, be more difficult to produce an 
even glofs upon the face in the fubfequent finifhiijg 
The glue ftiffening is applied axrter the beer grounds 
are dried, and then only upon the lower face of the 
flap, and the inf.de of the crown. For this purpofe 
the nat is put into another hat, called a ftiffening hat, 
the crown of which is notched, or fiit open in various 
directions. Thefe are then placed in a hole in a deal 

4 Z 2 board, 
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board, which fupports the flap, and the glue is applied to ftate Mr Dunnage’s method of making water proof Hst 
with a brufh. hats, in imitation of beaver, for which, in November 

“ The dry hat, after this operation, is very rigid, and 1794, he obtained a patent. It is as follows : Let a 
its figure irregular. The lafl drefiing is given by the fhag be woven, of fuch count in the reed, and cut over 
application of moiflure and heat, and the life of the fuch fized wire, as will give the hats to be manufaftu- 
bruih and a hot iron, fomewhat in the fhape of that ufed red from it that degree of richnefs, or appearance of 
by tailors, but fhorter and broader on the face. The fur, which may be thought neceffary. The materials 
hat being foftened by expofure to fleam, is drawn upon of which this fhag may be compofed are various, and 
a block, to which it is fecurely applied by the former fhould be accommodated to different kinds of hats, ac- 
xnethod of forcing a firing down from the crown to cording to the degree of beauty and durability to be 
the commencement of the rim. The judgment of the given them, and the price at which they are dtfrgned 
workman is employed in moiftening, brufhing, andiron- to be fold ; that is to fay, filk, mohair, or any other 
ing the hat, in order to give and preferve the proper hair that is capable of being fpun into an end fine e- 
figure. When the rim of the hat is not intended to nough for the purpofe, cotton, inkle, wool, or a mix- 
be of an equal width throughout, it is cut by means of ture of any, or all the above materials, as may fuit the 
a wooden, or perhaps metallic pattern ; but as no fuch different purpofes of the manufadlurer. Thofe anfwer 
hats are now in fafhion, Mr Nicholfon faw only the bed (fays our author), which are made with two 
tool for cutting them round. The contrivance is very poles, either of Bergam, Piedmont, or Organzine filk, 
ingenious and fimple. A number of notches are made rifing alternately, in a reed of about nine hundred count 
in one edge of a flat piece of wood for the purpofe of to eighteen inches wide, with three fhoots over each 
inferting the point of a knife, and from one fide or wire. This method of weaving diftributes the filk 
edge of this piece of wood there proceeds a flraight (as it may be put fingle into the harnefs), and pre- 
handle, which lies parallel to the notched fide, forming vents any ribby appearance which it might have if the 
an angle fomewhat like that of a carpenter’s fquare. filk were paffed double, and the whole of the pole cut 
When the legs of this angle are applied to the uutfide over each wire. This may be made either on a two 
of the crown, and the board lies flat on the rim of the or four thread ground of hard filk, fnot with fine cot- 
hat, the notched edge will lie nearly in the direddion of ton, which he thinks preferable for flioot, to filk, inkle, 
the radius, or line pointing to the centre of the hat. or any other material, as it forms both a clofe and fine 
A knife being therefore inferted in one of the notches, texture. An inferior kind of hats may be made from 
it is eafy to draw it round by leaning the tool againfl any of the before-mentioned materials, and with cheap- 
the crown, and it will cut the border very regular and er filk. This fhag fhould be flretched on a frame^ 
true. This cut is made before the hat is quite finifhed, fuch as dyers ufe to rack cloth ; then (having previ- 
and is not carried entirely through ; fo that one of the oufly fet the pile upright with a-comb, to prevent its 
lafl operations conliils in tearing off the redundant being injured or {luck together), go over the ground 
part, which by that means leaves an edging of beaver with thin fize, laid on with a foft brufh. For black, 
round the external face of the flap. When the hat is or dark colours, common fize will do ; with white, or 
completely finifhed, the crown is tied up in gauze pa- any light colour, ufe ifinglafs, or a fize made from whita 
per, which is neatly ironed down. It is then ready for kid leather. Thefe, or gum, or any other mucilagi* 
the fubfequent operations of lining,” &c. nous matter, which, without altering the colour,-will 

Our author concludes his valuable memoir on the prevent oil from getting through the ground fo as to 
fabrication of hats, with fome obfervations on the pro- injure the pile, will anfvver the purpofe. Take care 
bable gain or lofs of employing machinery in the ma- not to apply more of any material, as a preparation, 
nufa&ure. Thefe obfervatiops, as they are Hated in than may be fully faturated with oil or varnifh, fo that 
the ori-'inal paper, we recommend to the ferious atten- water will not difeharge it from the ground. The 
tion of every judicious hat-maker, who carries on his fize, or other glutinous matter, being dry, the pile 
bufinefs on a large fcale ; for he will find them not the muft be teefeled, or carded with a fine tsrd, till the 
reveries of a rafh fpeculatifl, but the cool reflexions of filk is completely taken out of the twill or throwing, 
a real philefopher, who is at the fame time no ftranger when it will lofe its coarfe fhaggy look, and affume the 
to the arts of life. They fuggefl the following fubjeXs appearance of a very fine fur. It muft now be once 
of inquiry : Whether carding, which is rapidly and me- more fet upright with a comb, and you may proceed 
chanically done, be inferior to bowing, which does not to lay on your water-proof material ^ this too may be 
promife much facility for mechanical operation ? Whe- varied according to eircumftances. For black, or any 
ther a fuccefilon of batts or cardings might be thrown dark colour, linfeed oil well boiled with the ufual 
round a fluted cone, which rapidly revolving, in con- driers,* and thickened with a fmall quantity of any 
ta£l with three or more cylinders, might perform the good drying colour, will do ; for white, or very fine 
hardening, and even the working, with much more colours, poppy or nut oil, or copal or other varndhes, 
precifion and fpeed than they are now done by hand ? tpay be ufed. In tnis particular the manufacturer muft 
Whether blocking or (haping be not an operation ex- judge what will beft anfwer his purpofe, taking care 
tremely well calculated for the operation of one or more never to ufe any thing that will dry hard, or be fubjeft 
machines ? WTether loofe weaving and fubfequent felt- to crack. Mr Dunnage has found good drying lin* 
ing might not produce a lighter, cheaper, and ftronger feed oil preferable to any other thing which he has 
article ? And how far the mechanical felting, which is ufed, and, with the precaution of laying on very little 
not confined merely to the hairs of animals, might be the firft time, it will not injure the fineft colours. When 
applied to this art ? the firft coat of oil is dry, go over it a fecund and 

Before we difmifs this fubjeX, it may be worth while a third time, if neceflary, till you are convinced the 
gores- 
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Hat. pores of the ground are fully elofed up, and the fluff 

rendered impervious to water. It fliould now ftand 
feveral days, till the fmell is fufficiently gone off; and 
before it is taken from the frame, fliould be gone over 
with fome ox-gall or lime-water, to take off the greafi- 
nei's, which would otherwife prevent the ftiffening from 
adhering to the oil. The material being now ready to 
be formed into hats, fliould be tut into proper fliapes 
for that purpofe. The crown fliould be made up over 
a block, with needle and fflk, the oiled fide outwards. 
The feams fliould then be rubbed with a piece of hard 
wood, bone, or ivory, to make them lie flat, and the 
edges ol the fluff pared off very near the flitches, that 
no joint may appear on the right fide. The fcams 
fliould then be carefully gone over with the prepared 
oil, till every crevice or hole made by the needle is 
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completely filled up, and the crown rendered perfectly 
water-proof. The crown may then be turned and ftiff- 
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 fliffnefs, or reliftance 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 compofed 
of one pound of gum-arabic or fenega, one pound of 
ftarch, and a half a pound of glue, boiled up with as 
much water as reduced the whole to the confidence of 
a thick pafte. A greater or lefs 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, inftead of this or other 
mucilage ; or any of the refinous gums diffolved in 
oil or fpirits ; only it fliould 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 elafticity. Before the brim 
is perfectly dry, care fliould be taken to form a neck 
or riling round the hole where it is to he attached to 
the crown, by notching it round with a pair of feif- 
lars, and then forcing it over a block fometiu'ng 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 outfide of the neck of the 
brim, and the infide of the crown, as high-as the neck 
will come (which fliould 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 
ftrongly together, taking care to few down as little of 
the pile as poffible, and ufing the lame precaution of 
oih/ig, where the needle has been through, as was ob- 
ferved in making up the crown. The hat is now rea- 
dy for drelling ; which operation may be performed 
over a block, with a hot iron, brufii, &c. in the fame 
manner as thofe 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 fliould it 
perforate the upper one, the water will find its way 
through, and the hat be of no value. Though we 

have already declared how little we are acquainted with Hawfcin*. 
the operation of hat-making, we cannot help fuggefting v—-y—— 
the inquiry, whether thefe water-proof hats might not 
be improved both in ftrength and beauty, by a flight 
felting before the application of the fize by the brulh. 
Such of them as are compeffed of wool or hair, or con*- 
tain a mixture of thefe materials, are unqueftionably 
fufceptible of felting. 

HAWKINS (Sir John), was the youngeft fon of a 
man who, though defeended from Sir John Hawkins 
the memorable admiral and treafurer of the navy in the 
reign of Qjieen Elizabeth, followed at firfl the occupa- 
tion of a houfe-carpenter, which he afterwards exchan- 
ged for the profeflion 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 firfl; to one fchool, 
and afterwards to a fecond, where he acquired a toler- 
able knowledge of Latin, he went through a regular 
courfe of architebfure and perfpe&ive, in order to fit 
him for his father’s profeifion of a furveyor. He was, 
however, perfuaded, by a near relation, to abandon the 
profefiion 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 praftice. In this fitua- 
tion liis time was too fully employed in the adfual dif- 
paich cf bufinefs to permit him, without fome extra- 
ordinary means, to acquire the neceffary knowledge of 
his profeflion by reading and ftudy ; befides that, his 
mafler 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 inflruaion to con- 
duft 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 neceffary 
and moft eminent law writers, and the works of our 
molt celebrated authors on the fubjedls 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- 
ttr to facilitate his improvement, he occafionally fur- 
nifhed to the Univerfal Speftator, the V/eilmintter Jour- 
nal, the Gentleman’s Magazine, and other periodical 
publications of the time, effays and difquifitions on fe- 
vei al fubjedls. Tne firfl or theie is believed to have 
been an Eflay on Swearingj but the exadt time of its 
appearance, and the paper in which it was inferted, are 
both unknown. It was, however, re-publiflied fome 
years before his death (without his knowledge till he 
law it in print) in one of the n-ewfpapers. His next 
produdiion was an Effay on Honejly^ inferted in the 
Gentleman’s Magazine for March 1739; and which oc- 
caiioned a controverfy, continued through the Maga- 
zines for feveral fucceeding months, between him and 
a Mr Calamy, a defeendant 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 clerkftiip being now out, he became a member 
of it, and continued fo many years. Purfuino- his in- 
clination for mufic ftill farther, he became alfo a^member 
of the Academy of Ancient Mufic, which ufed to meet 
every Tliurfday evening at the Crown and Anchor in 
the Strand, but fince removed -to Freemafons Hall; 

aud; 
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Hawkins, ami of this he continued a member till a few years be- 

fore its removal. 
Impelled by bis 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 occahonal contributor in the lame 
kind, as well to that as to fome other publications. 
The earliett of his productions of this ipecies, now 
known, is fuppofed to be a copy of verles “ To Mr 
George Stanley, occahoned by looking over fome Com- 
pohtiuns of his lately publidied,” which bears date igth 
February i 740, and was inferted in the Daily Adverti- 
fer for February 21. 1741 ; but, about the year 1742, 
he propofed to Mr Stanley the projeft of publifhing, in 
conjunction with him, fix cantatas for a voice and in 
ftruments, the words to be furnilhed by himfelf, and the 
mufic 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’ ^1X 

cantatas were thus publifhed, the five firlt written by 
Mr Hawkins, the lixth and laft by Foiler Webb ; and 
thefe having fucceeded beypnd the moft fanguine ex- 
pedations of their authors, a fecund fet of fix more, 
written wholly by himfelf, was in like manner publilh- 
cd a few months after, and fucceeded equally well. 

As thefe compofitions, by being frequently perform- 
ed at Vauxball, Rauelagh, and other public places, and 
at many private concepts, had become favourite enter- 
tainments, many perfons, finding the author alio a mo- 
de ft 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 
Jumfelf a muiical 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 profefllon, 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, D06W, then Mr 
Johnfon, was induced to wftitute a club to meet every 
Tuefday evening at the King’s Head, in Ivy lane, near 
St Paul’s. It confifted only of nine perfons; and Mr 
Hau'kins wras one of the firft members. About this 
time, as it is fuppoled, finding bis father’s houfe, where 
he had hitherto reiided, too fmall for the difpatch of his 
bufinefs, now very mueh increafing, he, in conjunction 
with D: Munckley, a phyfician 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, and the firft floor by the DoCtor as 
his apartment. Here he continued till the beginning of 
J753, when, on occafion of his marriage with Sidney, 
the youngeft of Mr Storer's daughters, wdio brought 
him a confiderable fortune, he took a houfe in Auftin 
Friars, near Broad-ftreet, ftill continuing to follow his 
profeffion of an attorney. 

Having received, on the death of Peter Storer, Efq; 
his wife’s brother, in 1739, a very large addition to her 

fortune, he quitted bufinefs to M’-' Ckyk, afterwards AI- Hawkief, 
derman Clark, who had a fhort time before completed -—y——J 
his clerkfhip under him, nifpofed of his houfe in Auftin 
Friars, and purchafed a houfe at Twickenham. Soon 
afterwards he bought the leafe of one in Hatton.ftreet, 
London, for a town refidence. 

From a very early period of his life he had entertain- 
ed a ftrong love for the umufement of angling ; and hi* 
affeCtion fpr it, together with the vicinity of the river 
Thames, was undoubtedly his motive to a refidence at 
this village. He 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 publifh a new edition of that work, and 
being himfelf in pofleffion of fome material particulars 
refpeCting Walton, he, byr letter, made Mr Browne an 
offer of writing, for his intended edition, Walton’s 
Life. To this propofal no anfwer was returned, at 
lead for 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 corrcCt edition. Such an edi- 
tion, in 1760, he accordingly publifhed in oClavo with 
notes, adding to it a Life of Walton by himfelf, a Life 
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 Ryland. 

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 Aullin Friars, had led him, at the time that 
he was endeavouring to get together a good library of 
books, to be particularly felicitous for collecting the 
works of fome of the heft mufical compofers ; and, a- 
mong other acquifitions, it was his fingular good for- 
tune to become pofleffed by purchafe of feveral of the 
moft fcarce and valuable theoretical treatifes on the 
fcience any where extant, which had formerly been 
collected by Dr Pepufch. With this flock of erudition, 
therefore, he, about this time, at the inftance of tome 
friends, fet about procuring materials for a work then 
very much wanted, a Hiftory of the Science and Practice 
of Mufic, which he 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, inferred 
in the commiffion of the peace for that county ; and 
having, by the proper {Indies, and a ledulous attend- 
ance at the feffions, qualified himfelf for the office, he 
became an aClive and uleful magiftrate in the coun- 
ty (a). Obferving, as he had frequent occafion to do 
in the courie of his duty, the bad ftate of highways, 

and 

(a) When he firft began to aft, he formed a refolution of taking no fees, not even the legal and authorifed 
ones, and purfued this method for fome time, till fie found that it was a temptation to litigation, and that every 
trifling ale-houfc quarrel produced an application for a warrant. To cheek this, therefore, he altered his mode, 
and received his due fees: but kept them feparateiy in a purfe ; and at the end of every fummer, before he left 
the country for the winter, delivered the whole amount to the clergyman of the pariffi, to be by him diflribute^. 
among fuch of the poor as he judged fit. 
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Hawkins, and the great defeft in the law's for amending and 

keeping them in repair, he fet himfelf to revife the for- 
mer ftatntes, and drew an ad of parliament confolida- 
ting all the former ones, and adding fuch other regula- 
tions as were necefiary. His fentiments on this fub- 
jed he publilhed in odavo, in 1763, under the title of 
“ Obfervations on the State of Highways, and on the^ 
Laws for amending and keeping them in Repair 
fubjoining ,to them the draught of the ad before men- 
tioned ; which bill being afterwards introduced into, 
parliament, palfed 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 hngle amendment. 

Johnfon, and Sir Jofhua, then Mr Reynolds, had, in 
the winter of this year (176?) projeded the eftablifli- 
ment of a club to meet every Monday evening at the 
Turk’s Head, in Gerard-ftreet; and, at johnfon’s feli- 
citation, Mr Hawkins became one of the nrll members. 

An event of confiderable importance engaged him, in 
the year 1764, to ftand 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 as juilly 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 
Ladey, were as two to one to the London prifoners 
conllantly confined there, they endeavoured to throw 
trie burthen of two-thirds of the expence on the county, 
while they thenffelves 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 wras commenced and fupported 
under the condudt of Mr Hawkins, W'ho drew a petition 
againft the bill, and a cafe of the county, which was 
printed and diftributed amongft the members of both 
houfes of parliament. It was the fubjeft of a day’s con- 
rerfation in the Houfe of Lords; and produced fuch 
an effedt in the Houfe of Commons, that the city, by 
rts own members, moved for leave to withdraw the bill. 
1 he fuccefs of this oppofition, and the abilities and fpi- 
rit with which it was condudled, naturally attradled 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, eledfed his fuccefibr. 

In the year 17 71 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 hiftory of mufic, 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 adtual tumults or expedled diilurban- 
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 dedh’on in 
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Moorfields in the magiftrates of Middlefex, and Hawkins. 
he at their head, with a party of guards, attended to  
oppofe them ; but the mob, on feeing them prepared, 
thought it prudent to difperfe. In thefe and other in- 
ftances, and particularly in his condudl as chairman, ha- 
ving given fufficient proof of his adivity, refolution, a- 
bilities, integrity, and loyalty, he, on the 23d of Odo- 
ber 1772, received from his majefty the' honour of 
knighthood. 

■^n 1773> -D1' Johnfon and Mr Stevens publifhed, in 
10 vols 8vo, their firft joint edition of Shakefpeare, to 
which Sir John Hawkins contributed fuch notes as arfc 
diftinguilhed by his name, as he afterwards did a few more 
on the republication of it in 1778. An addrefs to the 
king from the county of MiddlefeX1, on occafion of the 
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 Odober in that year, the honour of prefenting it. 

After fixteen years labour, he, in 1776, publilhed, ift 
five volumes quarto, his General Hiftory of the Science 
and Pradice of Mufic ; w'hich, in confequenee of per- 
miffion obtained in 1773, 1)6 dedicated to the king, and 
prelented 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 his houfe in Hatton-ftreet j 
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, Weftminfter, and removed thithe? 

. By this removal he became a conftant attendant on 
divine worfhip at the parifh-chureh of St Margaret,. 
V eftminifter ; and having- learnt, in. December 1778, 
that the furveyor to th&board of ordnance wras, 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 Hope off the roof 
of his building in fuch a manlier, 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 Jplinfon ha- 
ving difeovered in himfelf fymptoms of a dropfy, fent 
for Sir John Hawkins, and telling him the precarious 
ffate of his healtlr, declared his defire of making a will, 
and requefted him to be one of his executors. Sir John 
accepted the office; inftru&ed the Do&or how to make 
his will; and on his death undertook, to be his biogra- 
pher, and the guardian of his fame, by publifliing a 
complete edition of his works. 

Not three months after the commencement , . . . . —-  of this- 

, c „ , 7  —“ undertaking, he met with the fevered lofs of almoft anv the year 1768, he and fome of h.s brethren attended to that a literary man can fuftain, ftiort of that of hi. 
Aippre s icm ; and, m confequence of an expeded rio* friends or relations, in the deftruaion, by fire of his li- 

us affembly of the journeymen Spitalfield weavers in. brary j confiding of a numerous and well-chofen col- 

.' . \ ’ kaiuii* 
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Haw Ivins, le&ion of books, ancient and modern, in many langua- 

ges, and on molt 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 fmallelt degree to complain ; but having found a 
temporary reception in a large houfe in Orchard-ftreet, 
Weftminfter, he continued there a ihort time, and then 
took a houfe in the Broad Sandluary, Weftminfter. 

This event, for a Ihort time, put a ftop to the pro- 
grefs of his literary purfuits. As foon, however, as he 
could fufficicntly 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£tavo, which he dedicated to the 
king-. 

With this production 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 
bimfelf to prepare for that event, which he faw could 
be at no great diftance ; and the better to accompliffi 
this end, in the month of May 1788, he, by a will and 
other proper inftruments, made fuch an arrangement of 
his affairs as he meant fhould take place after his deceafe. 

In this manner be fpent his time till about the begin- 
ning of May 1789, w hen, finding his appetite fail him in 
a greater degree than ufual, he had recou'rfe, as he had 
fometimes had before on the iame occaiion, to the wha- 
lers of the Iflington Spa. Thefe he drank for a few 
mornings; but on the 14th of that month, while he 
wras there, he was, it is fuppofed, feized with a paraly- 
tic affeftion, 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 expefted a vifit in the evening. 
At dinner, however, his diforder 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 exprcfs injunctions, no more than the ini- 
tials of his 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 hutband 
and father, a firm and zealous fiiend, a loyal fubjeCt, 
and a fincere Chriftian. 

Such is the character of him in the Biographical 
Dictionary, which we have neither right no inclina- 
tion to controvert. With none of his works are we 
acquainted but his edition of IVtilton’s Complete Angler^ 
and his Life of Johnfon. The former is a very plea- 
ling book; and in the latter are collected many inte- 
refting anecdotes of literature and literary men ; but 
they are not well arranged, and the ftyle of the com- 
pofition is coarfe and flovenly. Sir John, we doubt 
not, was a man of worth, and his reflections on the fen- 
tinaental Dang of Sterne and others, ftiew that he had 
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fuccefsfully ftudied human nature ; but he certainly was Heat* 
not a man of general tafte.  v"— 

HEAT. See in this Supplement, Chemistry, 
Part 1. chap. v. where we have endeavoured to eltablifti 
the modern doCtrine refpeCting Caloric or latent heat. 
In n° 309, &c. of that article, we have given an ac- 
count of Count Rurnford’s ingenious experiments, in- 
ftituted with a view to determine whether or not ca- 
loric be a fubftance, and have ftated our reafons for 
diffenting from his opinion. It has been fuggefted to 
us, however, by a friend, to whofe judgment we are 
inclined to pay great deference, 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 elect tic al fluid. The 
Count then reafons from his experiments in the follow- 
ing words: 

“ By meditating on the refults of all thefe experi- 
ments, we are naturally brought to that great queftion 
which has fo often been the fubjeCI of fpeculation a- 
mong philofophers, namely, What is heat ?—Is there 
any fuch thing as an igneous fuid?—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 friClion of two metallic fur- 
faces, and given off in a conftant ftream or flux in all 
directions, 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 furniflied 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- 
fibly have been the cafe. 

“ Was it furnilhed 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 atmofphere was completely prevented. 

“ Was it furniftied by the water which furrounded 
the machinery ? That this could not have been the cafe 
is evident ; frjl, beeaufe 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 fame 
body ; and, fecondly, becaufe there was no chemical de- 
compofition of any part of this water. Had any fuch 
drecompofition taken place (which indeed could not rea- 
lonably have been expedted), one of its compound elaf- 
tic fluids (iboft probably inflammable air) muft at the 
lame time have been fet at liberty, and, in making its 
efcape into the atmofphere, would have been detedled ; 
but though I frequently examined the wateV 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 decompofition 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 thofe before mentioned; for heat was 

continually 
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continually going off or out of the machinery, by both 
thefe lail paffages, during the whole time the experiment 
lafted. 
“ And, in reafoning on this fubjedt, we muft not 

forget to confider that mod remarkable circumftance, 
that the fource of the heat generated by friftion in 
thefe experiments appeared evidently to be inexhauftible. 

“ It is hardly neceflary to add, that any thing which 
any inftlated body or fyflem of bodies can continue to 
furnifh ^without limitation, cannot pofiibly be a material 

fubjlance ; and it appears to me to be extremely diffi- 
cult, if not quite impoffible, 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 ffiould in fadl 
be one of thole myltenes 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 inveftigate the laws of its operations. 
How far can we advance in any of the paths which 
fcience has opened to us, before we find ourfelves en- 
veloped in thofe thick mills which on every fide bound 
the horizon of the human intelleft ? 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 underftand 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 adlion ! The effedls produced in the world 
by the agency of heat are probably jujl as extenfivc 
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 Encyclopaedia, the following 
particulars from Sir George Staunton deferve a place 
in this Supplement, becaufe fome of them are important 
in themfelves, while others corredl one or two mifiakes 
into which we had fallen, by adopting, implicitly, the 
narrative of Forfter. 

The circumference of St Helena meafurcs fomewhat 
lefs than twenty-eight miles. Along the vvtiole coail 
to leeward, or to the northward, flnps may anchor in 
perfedl fecurity in all feafons of the year, but the bank 
fnelves fo abruptly afterwards, that the anchorage, be- 
ing in deep water, is infecure. The tide 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 
erefted lately, which renders the arrival there, and de- 
parture from it, perfectly fafe. In the immediate neigh- 
bourhood of the ifiand, ilorms 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 
fide 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 refpefts 
to the governor, which is called there fometimes “ go- 
ing to court.” There 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 ifland. 
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as to give iuftant notice of the approach of veflels 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 miftake. Several forts of fruit 
trees imported into the ifland had been deftroyed by a 
particular infeft ; but encouragement has been given 
for the cultivation of thofe which that mifehievous ani- 
mal is known to fpare, fuch as the apple, for example, 
with all the varieties of which it is fufceptible. The 
plantain and banana, or the two fpccies of the mufa, 
thrive alfo remarkably well. The ground is fertile, 
and in favourable feafons produces, in fome inftances, 
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 eftabliffied near the governor’s 
country houfe. .An intelligent gardener has been fent 
to take care of it by the company ; and a vaft variety 
of trees, plants, and flowers of different, and fometimes 
oppofite climates, are already collefted in it. The fur- 
rounding fea abounds in efculent fiffi ; and feventy diffe- 
rent fpecies, including turtle, have been caught upon the 
coafts. Whales are feen in great numbers playing round 
the ifiand, where it is fuppofed the fouthern whale fiffi- 
ery might be carried on to- great national advantage. 

The country is chiefly cultivated by blacks. Per- 
fons of that colour were brought in a ffate of flavery 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 protedlion of the 
magiftracy., and to enadl various regulations in their fa- 
vour ; which have contributed to render them, in a 
great degree, confortable and fecure. Thefe regula- 
tions may have hurt, at firft, the feelings of the own- 
ers of flaves, but not their real intereft ; for it appears, 
that before their introduaion there was a lofs, upon an 
aveiage, of about ten in a hundred fiaves every year, to 
be fupphed at a very heavy expence ; whereas, under 
the piefent fyilem, they naturally increafe. All future 
importation of fiaves into the ifland is prohibited. 

Belides the blacks in a ftate of flavery, there are 
fome who are free. The labour of thefe tending to 
dimmiffi the value of that of flaves, the free blacks be- 
came. once obnoxious to fome flave owners ; who had 
fufficient influence, in a grand jury, to prefent them as 
without viiible 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 axially 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 mterpofition of the company placed under the 
immediate protedlion 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 jury, as 
well as in civil caufes. ^ 

The principal f?ttlement of St Helena has the pe- 
culiar advantage of uniting the ffielter 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 weU as healthy. 

S A Th§ 
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Kel'coid 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 perfons, not having ac- 
quired a relifii for the enjoyments of the world, or al- 
ready advanced in life, and forfeited 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 arifing 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 the ir places and perpendicular pofitions‘ with 
refpeft to the circle, all thefe lines (till remaining in 
the fame plane. 

HELISPHERICAL Line, is the Rhumb line in 
Navigation ; being fo called, becaufe on the globe it 
winds round the pole helically or fpirally, coming dill 
nearer and nearer to it. 

HEN1QCHAS, or Heniochus, a northern con- 
ftellation, the fame as Auriga, which fee Encycl. 

HERSCHEL, the name by which the French, and 
mod other European nations, call the new planet dif- 
covered by Dr Herfchel in the year 1781. Its mark 
or character is >+L The Italians call it Ouranos, or U- 
rania ; but the Englifn, the Georgian Planet, or Geor- 
gium Sidus. 

HETERODROMUS Vectis, or Lever, in Me- 
chanics, a lever in which the fulcrum, or point of fuf- 
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 iflands, which by different writers of diderent na- 
tions has been called An-z-uavne, Anjuan, Juanny, and 
'Johanna, and which is dcfcribed in the Encyclopedia 
Tincfer the name of St Joanna. In that article, it is 
obferved, that an anonymous writer has cenfured the 
defcriptions of this ifland given by the Abbe Reynal 
and Major Pvocke, as being net only exaggerated, but 
erroneous ; neither the country being fo pi&urefque as 

'the former reprefents it, nor the inhabitants meiicing 
the refpeCtable charader given of them by the latter. 

There was not perhaps much propriety in admitting 
into fuch a work as the Encyclopedia Britannica, the 
anonymous cenfure of defcriptions, authenticated by the 
names of refpeaable authors ; but the bed reparation 
which we can make to thofe authors is, to inform our 
readers, that their defcriptions of Hinzuan are confirm- 
ed by Sir William Jones, whofe tedimony, we believe, 
no man will controvert. That accompliflied 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 picturing 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 hair a mile perpendiculaily high 
from the level of the fea, and little more than three 
miles from the diore : 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 Swiflerland, but never faw one before^ round 
the bofom of which the clouds were almod continually 
rolling, whiles it green fummit rofe flouriftiing above 
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them, and received from them an additional bHght'nefs. Hinzuar. 
Next to this didant range of hills was another tier, part * "1' 
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 fweeted of colours, was difplayed 
at one view by land and by water. But nothing con- 
duced more to the variety of this enchanting profpeCI, 
than the many rows of palm trees, efpecially the tall 
and graceful Arecas, on the fliores, 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, 
than fuch a number of elegant palms in fuch a fitua- 
tion, with luxuriant tops, like verdant plumes, placed 
at jud intervals, and {bowing between them part of the 
remoter landfcape, while they left the red to be fup- 
plied by the beholder’s imagination. The town of 
Matfamudb lay on our left, remarkable at a didatice for 
the tower of the principal mofque, which was built by 
Halimah, 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 cypredes, nor the iflesof 
Hieres, with their delightful orange groves, appeared fo 
charming to me as the view from the road 0$Hin-zudn.” 

Sir William Jones, fpeakiog 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 furrounded with canoes, and 
the deck foon crowded with natives of all ranks, from 
the high born chief, who walhed linen, to the half- 
naked Have, who only paddled. Mod of them had let- 
ters of recommendation from Englidtmen, which none 
of them were able to read, though they {poke English 
intelligibly ; and fome appeared vain of titles, which 
our countrymen gave them in play, according to their 
fuppofed dations : we. had Lords, Dukes, and Princes, 
on board, foliciting our cudom, and importuning us for 
prefents. In fa£t, they were too fenhble to be proud 
of empty founds, but judly imagined, that thofe ndi- 
culous titles would ferve as marks of didinftion, and, % 
by attra&ing notice, procure for them fomething fub- 
dantial.” He fpeaks with great refpeft of the king, 
whofe name was Ahmed, as well as of ieveral chiers 
whom he faw, and feems to have met with no man of 
rank on the Hand whofe chara&er 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 Engliflr might derive from fending a fliip e- 
very year from Bombay to trade with his fubjedts, and on- 
the wonderful cheapnefs of their commodities, efpecial- 
ly of their cowries. Ridiculous as this idea might 
feem, it {bowed (fays Sir William) an enlargement of 
mind, a defire of promoting the intered of his people, 
and a fenfe of the benefits arifing from trade, which 
could hardly have been expedited from a petty African 
chief, and which, if he had been fovereign of Yemen, 
might have been expanded into rational projedts pro- 
portioned to the extent of his dominions.. The 
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Hinztian. The mafter of the frigate learned from one of the 

chiefs a few curious circumftances concerning the go- 
vernment of Hirixuan ; which he found to be a mo- 
narchy limited by an ariftocracy. The king, he was 
told, bad no power of making war by his own authori- 
ty ; but if the aflembly ot nobles, who were from time 
to time convened by him, refolved on a war with any 
of the neighbouring iflands, 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 Haves is ufually the real motive for fuch enterprifes, 
and oilenlible pretexts are eafily found : at that very 
time, he under-flood they meditated a war, becaufe they 
wanted hands for the following harveft. Their fleet 
confifted of frxteen or feventeen finall vefTels, which 
they manned with about two thoufand five hundred 
iflanders, armed with rnufkets and cutlafles, or with 
bows and arrows. Near two years before they had 
poffefied themfelves of two towns in Mayata^ which 
they Hill 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 conlfi- 
tution, was confidered as eledive, though the line of 
fuccefiion had not in fact been altered lince the firlt e- 
lection of a fultan. 

Sir William Jones concludes his remarks on this 
ifland with feme reflections ; of which, though they may- 
be confidered as digrefiive, we are perfuaded our readers 
will approve of our extending the circulation. 

“ We have lately heard of civil commotions in Hin- 
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 holtile to king and people. That the moun- 
tains in the Comara iflands contain diamonds, and the 
precious metals, which are ftudioufly concealed by the 
policy of the feveral 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 treafures, nor of any other advan- 
tage, will ever induce an European power to violate 
the firft principles of juftice by affuming the fovereign- 
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 wi(h 
their attachment to be unfeigned and their dealings 
juft, we muft fet them an example of Uriel honelly in 
the. performance of our engagements. In truth, our 
nation .is not cordially loved by the inhabitants of Hm- 
*uan, 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 
•been hofpitably received and liberally fupported at 
Matfamudo, behaved rudely to a young married wo- 
man, who, being of low degree, was walking veiled 
through a ftreet in the evening ; her hulband ran to 
protedl her, and relented the rudenefs, probably with 
menaces, poffibly with a dual force ; and the European 
ss faid to have given him a mortal wound with a knife 
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or bayonet, which he brought, after the feuffle, from 
his lodging. This foul murder, which the law of na- 
ture would have juftified the magiftrate in puniftiing 
with death, was reported to- the king, who told the 
governor (I ufe the very words of Alwi, a couiin of the 
king’s), that “it would be wifer to huflt 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 finall 
European veflel was wrecked ; and the prince not only 
feized all that could be laved from the wreck, but 
claimed the captain and the crew as his flaves, and 
treated them with ferocious infolence. Alwi aflured 
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 he fupported them at his own 
expence, enabled them to build another veflel, in which 
they failed to Hinzuan, and departed thence for Europe 
or India : he fhewed me the captain’s promiflbry notes 
for lums, which to an African trader muft be a con- 
iiderable objedl, but which were no price for liberty, 
fafety, 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 aflilt 
Alwi in obtaining juftice ; but he urged me to deliver 
an Arabic letter from him, incloling the notes, to the 
governor general, who, as he faid, knew him well; and 
I complied with his requeft. Since it is poffible, that 
a fubftantial defence may be made by the perfpn thus 
accuied of injuftice, I will not name either him or the 
veflel which he had commanded; but, if he be living, and 
if this paper ftiould fail into his hands, he may be induced 
to rcfledl how highly it imports our national honour, 
tiiat a people, whom tve call favage, but who admini- 
fter to our convenience, may have no juft caufe to re- 
proach us with a violation of our contrails.” 

HU S, in architecture, are thofe pieces of timber 
placed at the corners of a roof. Thefe are much longer 
than the isfters, becauie of their oblique polition, Idip 
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. 

EIIRCUS, in aftronomy, a fixed liar of the firft mag- 
nitude, the fame with capella. 

IIixcus is alio uled by lome writers for a comet, en- 
compafled as it were with a mane, feemingly rough and 
hairy, 

IIIRUpO. See Encycl. A new fpecies of this in. 
feet was difeovered m the. South Sea by Ee JMartiniere, 
naturalift in Peroufe’s voyage of difeovery. He found 
it buried about half an inch in a fhark’s liver, but could 
not conceive how it had got thither. It was fomething 
mote than an inch long, of a whitifh colour, and com- 
pofed of feveral rings fimilar to thofe of the ttenia. The 
fuperior part of its head was-furnifhed with four fmall 
ciliated mamillas, by which it took its food ; under each 
mamilla on both iides was a fmall oblong pouch, in the 
form ot a cup ; and in the form of its wjlrumenta ciba- 
ua, it very nearly reftmbles the animal which has been 
iuppofed to be the caufe of meafles in fwine. Both thefe 
fpecies are referable to the genus hirudo, the characters 
of which, as given by Linnaeus, llaud (lavs Martiniere) 
m need of reformation. 

5 A 2 HIRUNDO 
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Hirumlo, HIRUNDO Esculenta (fee HirunDO, Encycl. 

Hifpap.iola. no ^ ^ js t}lus defcribed in the Trcnfattions of the Ba- 
tavian Society in the IJland of Java, vol. iii. ; and the 
defcription confirms the fagacious conjecture of Mr Ra- 
tham refpeCting the fize of the bird, which the reader 
will find in our article referred to. 

“ The hirundo efculenta is of a blackith grey colour, 
inclining a little to green ; but on the back to the tad, 
us well as on the belly, this blackilh 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 quaiter. The larged 
feathers of the wings are about four inches in length. 
The head is fiat ; but, on account of the thicknefs of 
the feathers, appears round, and to be of a large fize in 
proportion to the red of the body. The bill is broad, 
and ends in a fharp extremity, bent downwards in the 
form of an awl. The width of it is increafed by a na- 
ked piece of {kin, fomewhat like parchment, which, 
when the bill is fimt, lies folded together; but which, 
when the bill opens, is confiderably extended, and en- 
ables the bird to catch with greater eafe, while on veing, 
the infefts that ferve it for food. The eyes are black, 
and of a confiderable fize. The tongue, which is not 
forked, is Ihaped like an arrow. The ears are fiat, 
round, naked fpots, with fmall oblong openings, and are 
entir ely concealed under the feathers of the head. The 
neck is very fiiort, as well as the legs and the bones of 
the wnngs. The thighs are wholly covered w ith fea- 
thers ; and the very tender lowrer parts of the legs, and 
the feet themfelves, are covered with a fi<in like black 
parchment. Each foot has four toes, three of which 
are 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, 
fharp, crooked claw of a confiderable 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 confitts of ten large fea- 
thers. The four fn ft 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 known to Linnaeus. For an ac- 
count of the eatable nefts of thefe birds, and the manner 
of collefting them, fee Cap and Button in this Sup- 
plement. 

HISPANIOLA, or St Dominoo, the largeft of 
the Antilles or Caribbee iflands, has been deferibed, as 
it exifted 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 Intendant, and a Governor-General, 
both nominated by the crown, and invefted with autho- 
rity for three years. Their powers were in fome cafes 
diftinft, and in others united; but though thefe pourers 
were extenfive and almoft abfolute, the attention which 

the old government of France paid to the character and Hifpamola, 
rank of thofe perfons wdiom it had placed over its fo- —y-—' 
reign fettlements, fecured to the inhabitants of Hifpa- 
niola a very confiderable (hare of happinefs. In fpite 
of what our reftlefs innovators call political evils, ligns 
of profperity were everywhere vifible; their towns were 
opulent, their markets plentiful, their commerce exten- 
five, and their cultivation increafing. 

Such was, in 1788, the Hate 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. An aflbeiation had been form- 
ed in France upon principles fomewhat fimilar to thofe 
of our fociety for the abolition of the flave trade ; but 
that afibciation, which called itfelf Amis cles Noirs, had 
much more dangerous defigns than ours. Avowfing 
its deteftation of every kind of flavery, as well as of the 
African trade, and condemning thofe abettors of liber- 
ty who dared to declare tbemfelves poffeftbrs of men, 
its members kept up an intimate and clandtftine con- 
nection with thofe rich mulattoes who refided in France 
for their education, and laboured to convince them that 
neither their colour nor theivfpurious birth fiiould make 
any civil or political diftindion between them and the 
whites who were born in ’luedlcck. To co-operate, 
as it were, with thefe fa&ious and falfe doClrines, the 
National Aflembly iffued its famous declaration, in 
which it was maintained that all mankind are born, and 
continue free, and equal in their'rights. The confe- 
quence of this was fuch as might have been expefted. 
The mulattoes of Hifpaniola, inftru&ed in the French 
philofophy of the rights of man, broke out into rebel- 
lion ; but not afting in concert, they were quickly over- 
powered. 

The fpirit, however, which had been excited among 
them, ftill continued to ferment ; and the National At- 
fembly of France, taking the ftate of the ifland into fo- 
lemn confideration, 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, direftly 
or indireftly, in the fyftern 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 wfife in itfelf, it 
occafioned difeontent and remonftrances on the part of 
the faCtious friends of the negroes. They regarded it 
as an unwarrantable fanCtion of the African traffic, and 
a confeflion 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 ad. debarring the king’s dele- 
gate, the governor-general, from negativing any of 
their future ads. This violent meafure was far from 
giving univerfal fatisfa&ion. The weflern parifhes re- 
called their delegates, while thofe of Cape Franpois re- 
nounced their obedience to the whole affembly, and pe- 
titioned the governor to diffolve it. 

During thefe diffenfions, the commander of a fiiip of 
the line, which lay in the harbour of Port-au-Pnnce, 
gave a fumptuous entertainment to the friends of the 
governor ; on w'hich account the feamen, who declared 
themfelves in the intereft of the affembly, thought fit to 

mutiny j 
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Hlfpamola mutiny ; and the aflembly, in return, voted their thanks 

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 punifhment. This 
was the fignal for civil iniurredtion ; armed troops took 
the field on both fides ; and war feemed inevitable, when 
the affembly refolvcd to repair in a body to Fiance, and 
juitify their paft condudf. 

In the mean time the Anns des Moirs contrived to ex- 
cite the people of colour to rebellion. They initiated 
in the dodtrine of equality and the rights of man one 
James Oge, then reliding in Paris in fome degree of 
affluence. They perfuaded him to go to St Domingo, 
put himfelf 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. Pie em- 
barked accordingly, July 1790, for New England with 
money and letters of credit ; but not with {landing the 
caution of the Amis des Noirs, his defigns were difeo- 
vered by the French government, and his portrait was 
lent out before him to St Domingo. He landed on the 
jiland in October, and fix weeks afterwards publiffied a 
inanifdlo, declaring his intention of taking up arms, if 
the privileges of whites were not granted to allperfons 
without diJhnSion. He was joined by about 200 men 
of 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 ftill 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, fome impor- 
tant fecrets, PifFercd the punifhment due to his treafon. 

While thefe things were going on in the ifiand, the 
membei s of the Colonial Affembly arrived at Paris, 
xvhere they were received by the reprefentatives of the 
French people with marked fymptoms of averfion. The 
refolutions compofing their famous decree 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 aiTembly 
to be caded ; and the king was requefted to augment 
the naval and military force then at St Domingo. 

The National AfTembly of France having decreed 
that every perfon twenty-five years old and upwards, 
poffefling pioperty, or having refided two years in the 
colony and paid taxes, fhould be permitted to vote in 
the foimation or the colonial afiemfcly, the people of co- 
lour very naturally concluded that this privilege was'con- 
ferred upon them. Such, however, we believe, Was not 
the meaning of the National Affembly ; but Gregoire, 
with the other friends of the negroes, at laft prevailed,* 
and mulattoes born of free parents were pronounced to 
be not only worthy of choofing their reprefentatives, 
but alfo eligible themfelves to feats in the colonial af- 
femblies. . This decree facriiiced at once all the whites 
in the iiland to the people of colour; and the indigna- 
tion which filled the minds of both the royal and the 
republican parties feemed to have united them in one 
common caufe. They refolved to rejedl the civic oath ; 
to conlifcate 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. I he mulattoes in the mean,time colledled in ar- 
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med bodies, and waited with anxious expedlation to fee Hifpaniola. 
what meafures the colonial affembly wumld adopt. y—-1 

During thefe diffenlions, the negro Haves, into whofe 
minds had been feduloufly inftilled an opinion that their 
rights were equal to thofe of their matters, 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 flaves in the adjoining parifhes 
had revolted ; and the tidings were foon confirmed by 
the arrival of thofe who had narrowly efcapcd the maf- 
facre. The rebellion had broken out in the parifh of 
Acul, nine miles from the city, wfflere the whites had 
been butchered without diftindlion ; and now the rebels 
proceeded from parifh to paiifh, murdering the men, 
and ravifhing the unfortunate women who fell into their 
hands. In a fhort time the fword w^as accompanied 
w'ith fire, and the cane-fields blazed in every direction. 
1 he citizens now flew' to arms, and the command of the 
national troops was given to the governor, wffiilft the 
women and children were put aboard the fhips in the 
harbour for fafety. In the firft adlion the rebels were 
itpulied ; but tlieir numbers rapidly increafing, the go- 
vernor judged it expedient to adt folely on the defenfiye. 
In the fpace of two months it was computed that up- 
wards of 2000 w-hite perfons perifhed ; and of the xn- 
furgents, wffio confifted as well *>f mulattoes as of ne- 
groes, not fewer tnan 10,coo died by famine and the 
fVord, and hundreds by the hands of the executioner. 

When intelligence of thefe dreadful proceedings reach- 
ed Pans, the Affembly began to be convincecfthat its 
equalifing 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 
commixTioners were likewife fent to the colony to reftore 
peace between the whites and the mulattoes ; but two 
of them being men of bad chara&er, and none of them 
poffeffing abilities for the arduous talk of extinguifhing 
the flames of a civil war, they returned to France with', 
exit accomplifixing in any degree the objeft of their 
miflxon. 

In the mean time the Anus dts JVoirs in the mother 
country had once more gained the afeendant in the Na- 
tional AiTembly ; and three new commiffioners, San- 
thonax, Polverel, and Ailhaud, w'lth 6oco chofen men 
from the national guards, were embarked for St Do- 
mingo. It was iftrongly fufpeaed that the objedl of 
thefe commiiiioners wras to procure unqualified freedom 
fc<r all the blacks 111 the ifiand; but they folemnly fvvore 
that their foie purpofe was to eftablifh the rights of the 
muhntoes, as decreed by the law which had been lately 
repealed. The whites therefore expeded that a colo- 
nial aftembly would be convoked ; but inflead of this 
the commiffioners nominated twelve perfons, of whom 
fix had been members of the latt affembly, and fix were 
mulattoes, Une CommiJJion Intermediaire, with authority 
to raife contributions on 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 peifon, 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- 
diaire, by arrefting four of their number ; and difagree- 
ing among themfelyes, Santbonax and Polverel difmiffed. 
Ailhaud from their councils. War vrtis by this time 

declared- 
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’H’l. aniola. declared between the mother country and Great Britain, 
' v~‘~" and prudence compelled the government of France to 

take fome care of the injured colony. Galbaud, there- 
fore, a man of fair character, was appointed governor, 
and ordered to put the ifiand in a ftate of defence againtt 
foreign ir.valion ; but poflefTing Well India property, 
w hich it Items was a legal difqualification for the office 
of governor, the commiffioners diiregarded his authori- 
ty, and took up arms againll him. Finding themfelves 
likely to be worfted, they offered topurchale the aid of 
the rebel negroes, by the offer of a pardon for their pall 
conduft, freedom in future, and the plunder of the ca- 
pital. Two of the negro chiefs, more honourable than 
the French ccmmiluoners, fpurned at the bafe propofal; 
but a third, after the governor bad fled to the (hips, en- 
tered the town with 3000 revolted negroes, and began 
nn indiferiminate maffacre. The milerable inhabitants 
fled to the fhore, but their retreat was flopped by a 
party of mulattoes ; and for two days the flaughter was 
inceffant. The town was half confumed by fire ; and 
the commiffioners, terrified at the work of their own 
hands, fled for prote&ion to a fiiip of the line, and 
thence iffued a manifefto, which, while it tried to exte- 
nuate, evinced a confcioufnefs of their guilt. 

Thus was loft the fineft ifiand in the Weft Indies; 
-an ifiand which produced alone as much fugar as all the 
Britifh Weft India poffcflions united ; not to mention 
the coffee and indigo, which were in immenfe quanti- 
ties cultivated in Hifpaniola. Had it not been for the 
veillefs machinations of the Amis des Avoirs, it does not 
appear that fo general a revolt would have taken place 
among the flaves ; for though the fpirit of republica- 
tiifm had found its way into the ifiand, the republicans 
joined with the royalifts to keep the negtoes in proper 
fubjeClion. The unfuccefsful attempt which, at the 
requefl of the more refpe&able part of the inhabitants, 
the Britifh government made to fubdue the execrable 
commiffioners 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 fvvords of the enemy, to abandon the ifiand. 
Toufi'aint L’Ouverture, a black chief, converted it into 
an independent republic, and continued to govern it un- 
dillurbed, 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 permiffiori of our government, carrying a con- 
fiderable army under the command of general Le Clerc. 
Toufl’aint at firft refufed to fubmit. Several bloody ac- 
tions were fought between the French troops and 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 ball he 
himfelf was prevailed upon, by the addrefs and the mag- 
nificent promifes of Le Clerc, not only to throw dowm 
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 loon found for breaking 
ithem. Touffaint was ftript of his immenfe property, 
an d fent prifoner to France. Thus was the colony re- 
covered to France in a ftill fhorter time than it had been 
loft. Since that event, nothing has tranfpired concern- 
ing the ftate of the ifiand, or the regulations which the 
French find it neceffary to make. But it is obvious, that 
a confiderable period muft elapfe before it can be refte- 
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red to that ftate of profperity which it formerly enjoy- 
ed. 

HOLLOW, in architedlure, a concave moulding, ( 
about a quarter of a circle, by fome called a cafement, 
by others an abacus. 

IloiLon'-Tower, in fortification, is a rounding made 
of the remainder of two bnfures, to join the curtain to 
the crillon, where the imall Ihot are played, that they 
may not be fo much expofed to the view of the enemy. 

HOMODROMUS Vectis, or Lever, in mecha- 
nics. is a lever in which the weight and power are both 
on the iame fide of the fulcrum as in the lever of the 
2d and 3d kind; being fo called, becaufe here the weight 
and power move both in the fame direction, whereas 
in the heterodromus they move in oppolite direftions. 

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 he ei- 
ther Hole them from others, or did not think, at leaft, 
that he was an inventor. And, with refpeCl to many 
of them, the priority of his claim is beyond difpute. 

1656, 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,—Hi^ firit 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 fa£l which he 
had molt fyftematically announced. He had (hewn 
that a force, perfectly analogous to gravity on this 
eai’th, operated on the furface of the moon and of Ju- 
piter. Conlidering the numerous round pits on the 
iurlace of the moon, furroutided 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 on 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 deferibed the ellipfe, but the centre 
of gravity of the earth and moon. He therefore made 
a conical pendulum, whofe tendency to a vertical pofiv 
tion reprefented the gravitation to the fun, and which 
was projeCled at right angles to the vertical plane ; and' 
fhewed experimentally, how the different proportions or 
the projedtile and centripetal tendencies produced vari- 
ous degrees of eccentricity in the orbit. He then add- 
ed another pendulum, deferibing a cone round the firit,‘ 
w.hije this deferibed a cone round the vertical line, 'ini. 
order to fee what point between them dderibed tke 

ellipfe. 
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ellipfe. The rcfults of the experiment were intricate 1680, He firrt ohferved the fecondary vibrations of 
and unfat isfattory i but the thought was ingenious, elallic bodies, and their conneaion with harmonic founds.' 
He candidly acknowledged, that he had not d.fcovered A glafs containing water, and excited by a fiddled,'ck, 
the true law of gravitation which would produce the threw the water into undulations, which were fquare 
defcnption of an ellipfe round tl, focus, owing to his hexagonal, oflagonal, &c. fliewing that it made vibra- 

dUenm2themat1?? knowledge ; and therefore tions fubordi'nate to the total vibration ; and that the 

Hornei 

left this inveftigaticn 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 
conne&ed the bodies of the folar fyftem, before he had 
any acquaintance with Dr Hooke, or knew of his fpe- 
culations. 

1660, 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 refpe&ing 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- 
fing that they ftoJe their difcoveries from Dr Hooke, 
were certainly anticipated by him. 

1666, A quadrant by refledtion. 
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 fedtor. 

1669, The fa61 of the confervatio virium vivarum, 
^nd that in all the prodmftions and extimftions of mo- 
tion, the accumulated forces were as the fquares of the 
final or initial velocities. This dodtrine he announces 
in all its generality and importance, deducing from it 
all the confequences which John Bernoulli values him- 
felf fo highly upon, and which are the chief fafts ad- 
duced by Leibnitz in fupport of his dodtrine of the 
forces of bodies in motion. But Hooke was perfe&Iy 
aware of their entire correfpondence with the Cartefian, 
or common do&rine, and was one of the firft in apply- 
ing the celebrated 39th propofition of Newton’s Prin- 
cipia to bis former pofitions on this fubjetft, as a mathe- 
matical demonftration of them. 

l^73> -1 hat 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 confifts 
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 adft 
of folution, it produces animal heat : That the arterial 
and venal blood difler on account of this fomething be- 
mg wanting in one of them. In Ihort, the fundamen- 
tal dochines of modern chemiftry are fyftematically de- 
livered oy Dr Hooke m his Micrographia, publilhed in 
1 Opq, and .us Xjampas, pubbfhed in 1677. 

fundamental found was accompanied by its o<ftave, its 
twelfth, fee. 

1681, Pie 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- 
fence 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 Pelegraph, Encycl. ; and a book, 
publilhed 1726, entitled Philofophical Experiments and 
Obfervations' of the late eminent Dr Robert Hooke. 

We are indebted to him for many other difcoveries 
of lefler note ; fuch as the wheel barometer, the uni- 
verfal joint, the manometer, ferevv divided quadrant, 
telefcopic fights for aftronomical inilruments, reprefent- 
adon of a mufcular fibre by a chain of bladders, expe- 
riments fliewing the infledion of light, and its attrac- 
tion for full'd bodies, the curvilineal path of light thro’ 
the atmofphere. 

HORNE (George, D. D.), late Lord Biffiop of 
Norwich, was a man of fuch amiable difpofitions, pri- 
mitive piety, and exemplary morals, that we wiffi it 
were, in our power to do jullice to his chara&er. His 
Me, it is true, has been already written, at confiderable 
length, by two authors, poftefled of erudition and of 
unqueftionable integrity ; but mere erudition is by no 
means fufficient to fit a man for difeharging the duties 
of a biographer. It was not the learning of Johnfon, 
but his fagacity, and intimate acquaintance with human 
nature, that placed him fo far above his contemporaries, 
in this department of literature. 

Of Bifliop Horne’s biographers, one pofTeffed, in- 
deed, the great advantage of having lived in habits of 
intimacy with him from his boyifli years. In the au- 
thenticity of his narrative, therefore, the fulleft confi- 
dence may be placed : and that narrative we Mali faith, 
tully follow.; referving, however, to ourfelves the liber- 
ty or lometimes making reflexions on the various inci- 
dents recorded^ widely different from thofe of the au- 
thor. 

George Horne was, in 1730, born at Otham in Kent,. 

YJ' agi' Maidflone, giving the name to a pariffi, of which his father was the reXor. He was the fe 
cond of four fons ; of whom the eldeft died in very 
early life,.and the y.oungeft, who is ftill alive, fucceedei 
his father both in the reXory of Otham and in that of 
Breda m the county of Suffex. He had likewife three 
filters,, of whofe fortunes we know nothin^ 

Mr Home, the father of the family, was of a tem- 
per 10 remarkably averle from giving pain or trouble 
upon any occafion, that he ufed. to awake his fom 
George, when an infant, by playing upon a flute, that 
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the change from fleeping to awaking might be gradual 
and pleafant. Having been for fome years a tutor at 
Oxford, he took upon himfelf the early part of the 
claflical education of this favourite fon ; an office of 
which he was well qualified to difcharge the duties. 
Uunder fuch an inftnidtor, the fubjedt of this memoir 
led a very pleafant life, and made a rapid progrefs in 
the Greek and Latin languages. By the perfuafiou 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, 
he 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 
Btixtorf. Though Hr Horne afterwards rejected that 
'plan, 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 fcholarfhip. 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- 
duft, 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 authorlhip is curious, and we fliall 
give it at fome length. While he 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 Hutchiufonianifm ; but 
Mr Jones was not his preceptor. Indeed that gentle- 
man informs us, that when he firll 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 efteem, even for 
making the attempt to convert him. At this we are 
not to be much furprifed. Mr Horne, though, by 
his biographer’s account, no deep Newtonian, faw, or 
thought he faw, the neceffity 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 haftily relinquifh fo 
natural a notion. By Mr Horne, however, it was at 
length relinquiffied. Mr Jones introduced him to Mr 
George Watfon, a fellow of Univerfity college, whom 
he reprefents as a man of very fuperior accomplilhments; 
and by Mr Watfon Mr Horne was made a Hutchinfo- 
nian 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 convidlion imprefled upon his mind, it is not wonder- 
ful that he fhould endeavour to diferedit the fyftem of 
Newton. This he attempted, by publifhing a parallel 
between that fyftem and the Heathen dodlrines in the 
Somniutn Scipionis of Cicero. That publication, which 
was anonymous, we have never feen ; but Mr Jones him- 
felf admits it to have been exceptionable j and the ami- 

able author feems to have been of the fame opinion, far 
he never repubhlhed it, nor, we believe, replied to the 
anfwers 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 affures 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£led. 

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 refpe£l to the true cautes 
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 diftindl from the general laws 
by which the operations of nature are carried on. To 
the difeovery of other phyfiological caufes, Newton, in 
his greateft work, made indeed no pretenfion ; but it 
may be worth while, and can hardly be confidered as 
a digreffion, to confider what are the pretenfions of 
Hilchinfon, to which Meftrs Horne and Jones gave 
fo decided a preference. 

Mr Hutchinfon himfelf writes fo obfeurely, that we 
dare not venture to tranflate his language into common 
Englifh, left we fhould undelignedly mifreprefent his 
meaning ; but according to Mr Jones, who has ftudied 
his works with care, his diftinguifhing dodlrine in phi- 
lofophy 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.” Wiiat 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 fuid of the heavens ; or, in other 
words, the fire at the orb of the fun, the light ifiuing 
from it, and the fpirit or grofs air conftantly fupport- 
ing, and concurring to the actions of the other two.” 
(See Cherubim in this Supplement). Mr Horne adopt- 
ed this iyftem in preference to the Newtonian ; becaufe, 
fays his biographer, “ It appeared to him nothing bet- 
ter than raving, to give adlive powers to matter, fup- 
pofing it capable of aiding where it is not ; and to af- 
firm, at the fame time, that all matter is inert, that is, 
inaftive ; and that the Deity cannot aid but where he 
is prefnt, becaufe his power cannot be but where his 
fubfance 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 
we never knew a well-informed Newtonian, who fpoke 
of the aidive powers of matter but in a metaphorical 
fenfe ; and fuch language is ufed, and mull be ufed, by 
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the followers of Hutchlnfon. Mr Jones fpeaks of the rately, 
aawn 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 furely be uncandid 
to accufe thefe two pious men of animating the ele- 
ments, though we know that aHion and aShity, in the 
literal fenfe of the words, can be predicated only of 
living beings. With refped to giving aftive 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 m any other light than'as the neceflary 
confequence of the poverty of language. 

But the Newtonian makes matter a<ft upon matter 
at a diftance 1 No ; the genuine Newtonian docs not 
make matter alt (in the proper fenfe of the word) at 
all; but he believes, that God has fo conftituted mat- 
ter, that the motions of dilfcrent maffes of it are affedt- 
ed by each other at a diftance ; and the Hutchinfonian 

S Ve'T fame As this celeftial fluid of Mr Parkhurft’s confifts partly of air, we know, by the 
teit of experiment, that it is elaftic. The particles of 
wh,ch it is compofed are therefore diftant from each 
other ; and yet they refill comprelfion. How does the 
Hutchinfonian account for this fadft ? Perhaps he will 
lay, that as matter is in itfelf equally indifferent to mo- 
tion and reft, God has fo conftituted the particles of 
this fluid, that though they poffefs no innate power or 
a&ivity of their own, they are affe&ed by each other 
at a diftance, in confequence of his fiat at the creation. 
I his we beheve to be the only folution of the difficulty 

■which can be {riven hv man • Knf .i  r ' 
.  ; ui Uie aimcuity 

which can be given by man ; but it is the very anfvver 
given by the Newtonians to thofe who objedl to them 
the abfurdity of fuppofing matter to be affedled by mat- 
ter at a diftance. That the motions of the heavenly 
bodies are affeefted . by the prefence of each other is a 
tadt, lay they, which appears incontrovertible. “ We 
have afeertained 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 
in^rpolition of this celeftial fluid removes not a Angle 
difficulty wnth which our doarine is fuppofed to be 
clogged. To have recourfe to it can therefore ferve no 
purpofe, even were the phenomena confiftent with the 
nature or an elaftic fluid confidered as a phyfical caufe; 

ut this is not the cafe. It is demonftrable (fee Astro- 
nomY and Dynamics in this Su#/.) that the motions 
ot the heavenly bodies are not confiftent with the me- 
cnamfm of an elaftic fluid, confidered as the caufe of 
thefe motions; and therefore, whether there be fuch a 
fluid or not diffufed through the folar fyftem, we can- 
not_ allow that it is the great agent in nature by which 
all its operations are carried on.” 

Such might be the reafoning of a well-informed New- 
tonian in this controverfy ; and it appears fo conclufive 
againft the objedions of Hutchinfon to the Newtonian 
forces, as well as againft the agents which he has fub- 

duted in their flead, that fome of our readers may be 
dffpofed to call m queftion the foundnefs of that man’s 
under Handing 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 Z/fT T ? influenCe of a Specially if that lyftem has novelty to recommend it, and at the 

vofr^r/r.of which> when taken 
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tj ',-.T!}any are valuable. Such was the fyftem of 
Hutchinfon when adopted by Mr Horne. It was then 
but very little known; it could be ftudied only through 
the medium of Hebrew literature, not generally cuiti- 

• m ^i °n had g'ven a new and a better turn, is 
ton ^imP°’tance- Det it be obferved, too, that the Hutchinfonians have, for the moft part, 

p,en ™en of devout m>uds, zealous in the caufe of 

Md' lT th’ a,nd u;tainted by Arianifm, Socinianifm, and the other herefies which have fo often divided the 
chuich of Chnft : - and when all thefe circumflances 
are taken into confideration, it will not be deemed a 
proof of any defeft in Mr Horne’s underftanding, that 
in early life he adopted the whole of a fyftem, of which 
omc of the parts contain fo much that is good ; efpe- 

cially when it is remembered, that at tlm a- 
gency of the celeftial fluid appears fo piaulible, that for 
a time it feems to have impofed upon the mind of New- 
ton himfelf. 

r ?UVrhC tyuth I9,
1 

that Mr Dome was at no period 
rfmU,S fC a thorough-paced Hutchinfonian. It is con- feffed by Mr Jones, “ that Mr Hutchinfon and his ad- 
mirers laid too great a ftrefs on the evidence of He- 
brew etymology ; and that fome of them carried the 
matter fo far, as to adopt a mode of {peaking, which 
had a nearer refemblance to cant and jargon than to 
found fenfe and fober learnmg. Of this (continues he) 

1M1 ^°rne 'TrT7/00" aWare; and he was in fo 

Horne. 

j;r .if r -i i r uiat ne uted play the foibles of fuch perfons with that mirth and 
good humour,” which he poffeffed in a more exquifite 
degree than mod men. This ieems to be complete 
evidence that he was never a friend to the etymologi- 
cal part of the fyftem ; and the prefent write!- can L 
ted, that in the year 1786, he feemed by his conver- 
fation to have loft much of his conviaion of the agency 
ot the celeftial fluid. He continued, indeed, tolludy 
the Hebrew Scriptures on the plan of Mr Hutchinfon, 
unincumbered with the Maforetic points, or with rab- 
binical mterpretationsj and the fruits of his ftudies are 
in the hands °f the religious public, in works which, 
by that public, will be efteemed as long as their lan. 
guage is underftood. 

,il,t^rto Ml'Hornf.was a layman, but he intereft- 
ed himfelf in every thing connedled with religion, as 
much as the moft zealous dignitary of the church ; and 
coii fide ring the naturalization of the Jews as a meafure 
at lead indecent in a Chnftian country, he publifhed 
in an evening paper, a feries of letters on that fubjeft! 
botli when the Jewbill was depending, and after nhad 
paffed the houfe. The letters were^anonymous ; but 
they attraded much notice, and many groundlefs con- 
jedureo were made rdpedmg their author. To the 
real author, the meafure which they oppofed was fo 
very obnoxious, that he refufed to dine at the table of 

tVhTth ^ Y bACa/[e thC fon-in*Iaw of Mi Pelham was to be there. And he was not much more friendly to 

t SS2# KS-fi1 SS; 

The time now approached when he was to take holy 
orders, which to him was a very ferious affair ; and 
when he gave an account of his ordination to an inti. 
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mste friend he concluded the letter with the following Life _<mJ Death of St John the Baptifl. 
■efieflions, which, even in an abftraft like this, it would v  

be unpardonable to omit : , r , 
“ May he, who ordered Peter three times to feed 

hh lambs, give me grace, knowledge, and fioll, to watch 
and attend to the flock which he purchafed upon the 
crofs, and to give reft to thofe who are under the bur- 
den of fin and furrow. It hath pleafed God to call 
me to the miniftry in very troublefome tunes indeed, 
when a lion and a bear have broken into the folo, and 
are making havoc among the meep. lt a irm, 
though humble confidence, do I purpofe to go forth ; 
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 he had not been many 
months in orders, when one of the moft 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 publifhed at Oxford, 
fuppofed by Mr Kennicott, who afterwards gained fuch 
fame as a colleftor of Hebrew manufcripts, entitled ^ 
Word to the Hutchinfotiians, in which Mr Horne was 
perfonally ftruck at. To this work our author rephed 
in a fmall traa, called Jn Apology for certain Gentlemen 
in the Urivverfity of Oxford, Jfperfed in a late Anonymous 
Pamphlet; and whatever may be thought of the queb 
tion at iffue, all men muft admire the temper with which 
the apologift conduaed himfelf under very great prove 

CU But it was not about Hutchinfonianifm alone that 
thefe two illuftrious men were doomed to differ. Mr 
Horne took a decided part again ft Mr Kcnnicott’s pro- 
pofal for collating the text of the Hebrew bible, with 
fuch manufcripts as could be found, for the purpofe of 
rt for min? the text, and preparing it for a new tranflation 
into the Englifh language ; and in the year 17 6°, he 
publifhed A View of Mr Kennicott s Method of Cor- 
reding the Hebrew Text, with three Queries formed 
User eon, and humbly fulmitted to the Chnjhan 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- 
bove 20 inftances from Mr Kenmcott’s d.ffertations 
(fee Kennicott, Encycl), to fhew what an inunda- 
tion of licentious criticifm was breaking m upon the 
facred text. Indeed there is reafon to believe, that this 
traft, together with another on the fame fide of the 
queftion by Dr Rutherford of Cambridge, contributed 
to reprefs the collector’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 of 
the Drs Kennicott and Horne, that though their ac- 
quaintance commenced in hoftihty, they at lengtn con- 
trafted for each other a friendfhip, which lafted to the 
end of their lives, and ftill fubfifts between their fami- 
hes. . , 

In what year Mr Horne was admitted to the degree 
of D. D. and when he was chofen prefrdent 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 fmall work, 8vo, entitled Confiderations on tfje 

Th is tradft was 
the fubftance of a courfe of fermons, which he had 
many years before, in conformity to an eftablifhed 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 Ikill as an 
interpreter was deep enough, and whole heart as a mo- 
ralift was pure enough, to have made him the author of 
that little work.” By moft readers this ftrain of pa- 
negyric 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 177b, when the author was vice-chan- 
cellor, was publiftied, 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 wTas 
the refult of the labour of twenty years. That it will 
always be a favourite companion of the devout Chrittian, 
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 believe 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 
fpirit 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 than 
pour it upon them at once in a flood of fpletidor. T-he 
apoftle “ fed his Corinthian converts with milk and not 
with meat4” when he found them unable to bear the 
latter food ; and there is reafon to fufpeft that the car- 
nal followers of Warburton, and Sherlock, and South,, 
were unable to bear, at once, fuch ftrong 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 pojfibilily of Jefus Chrift 
“ fwearing to his neighbour and disappointing him,” 
though that conception muft 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 k far from perfect, is certainly a work 
of great learning, great genius, and fervent piety, and 
fuch as the devout Chriftian will perufe again and again 
with much advantage. 

Dr Horne’s next work was of a different kind, and, 
we think, of a fupenor 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. I he object of 
the author was to fhew that Mr Hume, notwithftand- 
ing his fceptical principles, had died with the utmoft 
compofure, and that in his life, as well as at his death, 
he had condufted himfelf as became one of the wifeit 
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 as fupportmg' 
himfelf under the gradual decay oT nature with the hopes 
of a happy immortality ; but it might have reprefented 
him as taking refuge, with other infidels, m the eternal 
fleep of death. Thi^thoughbuta gloomyprofpecft,would 
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not have been childifh , 
bibited as talking like a fchool-boy of his conferences 
with Charon, and his relu&ance 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 ! ! ! The abfurdities of 
this letter did not efcape the watchful and penetrating 
eye of Dr Horne ; and as he could not miftake its ob- 

he held it up to the contempt and fcorn of the re- 
ligious world in J Letter to Adam Smith, L. L. 1). on 
the Life, Death, and PhUufophy of his Friend David 
Hume, Efqf by one of the People called Chrijlians. The 
reafoning of this little trad is clear and conclufive, 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 caleulated than almoft any other with 
which we are acquainted, to guard the minds of youth 
again if the infidious ftrokes of infidel ridicule, the only 
dangerous weapon which iafidelity has to wield. 

W hui the letters on infidelity were pubhihed, their 
author had for fome time been Dean of Canterbury, 
where he was beloved by the chapter and almoit adored 
b) the citizens. He was a very frequent preacher in 
the cathedral and metropolitical church, where the 
wiitei ot this.ihort iketch has liilened to him with de- 
light, and ieen tliouiands of people q! very various de- 
feriptions hang with rapture on his lips. As a preacher 
indeed he excelled ; and notvvithftanding the ihortnefs 
of his fight, which deprived him of fome of the graces of 
a pulpit orator, iuch were the excellence of His matter, 
the limple elegance of his ilyle, and the fweetnels of 
his voice, that, when at the primary viiitation of the jbre- 
ieiii. archbiihop, he preached his admirable iermon oti 
Duty of Contending for the Faith, the attention of more 
than 2000 people was fo completely fixed, that the 
fmalleit noife was not to be heard through the whole 
crowded choir. Of the importance of preaching, and 
of the proper mode of performing that duty, he had 
very juit notions ; and though he never had himfelf a 
parochial cure or iouls, it was the defire and pleafure of 
his life to make himfelf ufeful in the pulpit wherever he 
was, whether in town 6r in the molt obfeure corner of 
the country. lour or five volumes of his fermons have 
been publilhed fince his death. 

in the year 1787 he publilhed, under the-name of an 
undergraduate of the univerfity of Oxford, a letter to Dr 
Priejlley, in which he made that oracle of Socinianifm 
aimoil as ridiculous as, in the letter to Dr Smith, he 
had formerly made the hero of modern fcepticifm. ’ 

The merits of Dr Horne, 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 foon an opportuni- 
ty of file wing that he had not loft fight of his fpiritual 
character in the fplendour of the peer of parliament. 
1 he Scotch lipilcopalians had for lome time been foli- 
ating the legiilature to repeal certain penal laws of un- 
common feverity, under which they had groaned for 
upwards of forty years ; but they found it a work of 
no little difficulty to make the equity of their claim ge- 

“ neraliy undertlood*. In removing this difficulty no man 
was more affiilmg to them than the Dean of Canter- 

* See 
Scotch 
Episcopa 
lians in 
this Supple 
nt'ni. 
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but the hero of the tale is ex- bury, to whom their religious and political principles 

were well known ; and he continued his affillancc after 
he was bifiiop of Norwich. Indeed the whole bench 
Ihewed, on this occafion, a zeal for the interefts of true 
religion every way becoming their chara&er of Chrif- 
tian bilhops ; and after Dr Horne was removed to a 
better world, the Scotch Epifcopalians found among his 
iurviving brethren friends as zealous and active as he. 

Dr Horne, though a very handfome man, was not 
naturally of a ftrong conftitution ; and from the difad- 
vantage of being uncommonly near-lighted, he had not 
been able to increde its ilrength by the praAice 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 was formed of making 
him a biffiop, 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. His 
health declined rapidly ; and, in the autumn of 1791, 
he fuffered, while on the road from Norwich to Bath, 
a paralytic llroke, the elfeAs of which he never reco- 
vered. He lingered a month or two, with fuch appa- 
rent changes in the Hate of his health as fonietimes gave 
delufive hopes to his family, till the 17th of January 
f 792' when he died in the 6zd 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 Iketch of the life of bilhop Horne we 
have taken the liberty to exprefs our dilFent from fome 
of liis opinions, and to ftate the reafons on which that 
ciilfent reils. By himltlf we know that this part of our 
conduA would have been applauded ; but it is poffibie 
that by fome of his friends it may be deemed difrefpe6t- 
ful to his memory. To thefe gentlemen we beg leave 
to obferve, that if Johnfon made the praife of Kyrl, 
Pope’s Man of Rois, really more folid by making it 
more credible, it will be difficult to perfuade us that we 
have done any injury to Dr Horne’s fame by avoiding 
the extravagant panegyric of thofe who feem to have 
conlidered him as a man exempted from etgor. He 
was hr 11 induced to favour*the Hutchinfonians beeaufe 
he thought he perceived danger to religion in the New- 
tonian doArines of attraAion and repulfion; and we very 
readily admit that many Newtonians, not underllanding 
the doArines of their mailer, have expreiTed themfelvea 
in fuch a manner as could not render a religious man 
paitial to their fyltem. But from the dangers of mif- 
take, no fyllem, whether religious or philofophical, was 
ever free ; and the atheillical purpofes which the agency 
of ethers and celeftial fluids has lately been made to 
ferve, mull induce every man of piety'to paufe before 
he ac.mit fuch agency. Dr Horne lived to witnefs fome 
or its. pernicious efteAs ; and we have reafon to believe 
that they made a due impreffion on his mind ; but he 
fpent his latter years, as indeed he had fpent the greater 
part of his life; m nobler purfuits than the fludy of hu- 

7" ^ien"e 5 he fPeilt thetn in the ProPer employments o! a Umflian, a clergyman, and a bilhop. Pits faith 
was oun ec on a rock ; and it was that genuine faith 
which worketn by love; for though his preferments 
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were rich, his charity kept pace with them ; and it 
has been proved that, notwithftanding his proper eco- 

Hoven. nomy> he hoarded not one (hilling of his annual in- 
— - ' 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 friend (hip, 
and to correfpond writh him regularly for many years ; 
and there is not one of his rational admirers who more 
fully admits the truth of the charafter given of him by 
Dr Thurlow late bifhop of Durham when fucceeding 
him in the office of prodfor in the Univerhty. “ As to 
the laft prodlor (faid he) I (hall fpeak of him but in few 
words, for the truth of which I can appeal to all that 
are here prefent. If ever virtue itfelf was vifible and 
dwelt upon earth,' it wms 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 eldell was married to a clergyman a 
(hort time before the death of her father, and the two 
younger were, in 1796, refiding with Mrs Horne in 
Hertfordffiire. 

HOROGR.APHY, the art of making or conftrudl- 
jng dials ; called alfo dialing, horologiography, gnomo- 
nica, fciatherica, photofciatherica, &c. 

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, incloied 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 foldiers, to prevent furprifes, or relieve 
an over-tedious defence. 

HOVEN is a word of the fame import with rai- 
fed,/welled, tumefed. It is particularly applied to black 
cattle and (heep, 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 

Hoviu-Catile; and the beaft, .whether bullock or 
. .(heep, 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 paflage from the paunch upwards, forces 
the broad leaves of the clover before it, till they elofe 
up the paflage 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 (lab 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, 
Manufactures, and Commerce, voted a bounty of fifty 
guipeas to Mr Richard Eagar of Grad ham farm, near 
Guildford, for making public a very fimple method 
pradtifed by him for the cure of hoven-cattle. It is 
this; “ let the grazier or farmer have always ready 
fmooth knobs of wood, of different (izes, fixed to the 
end of a flexible cane, which for oxen fhould be at lead 
fix feet long, and for (heep 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 Hou^htom- 
hand, putting the cane down his throat with the other. ——v-—- 
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 obllacle 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 bodv to fink, 
the cure is performed, and Nature will adt for itfelf.” 

This method, we doubt not, will prove fuccefsful; 
but might not the purpofe be as well, if not better, ef- 
fedled, by ufuig, indead of the cane and knob, a piece 
of thick (lid 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 lo 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- 
giment, and in the year 1779 had adled 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 exprelfed his willirtgnefs to un- 
dertake the execution of their plan. For this talk he 
was peculiarly fitted. A natural intrepidity of charac- 
ter which feemed inaccefiible to fear, and an eafy flow 
of conditutional good humour, which even the roughed 
accidents of life were not able to (ubdue, formed him 
for exploring the country of relentlefs favages; whild 
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 affume. 

His indrudlions from the affociation were, to afeer- 
tain the courie, and, if jpoffible, the rife and termination 
of the Niger; and after vifiting the cities of Tombuc- 
too and Houssa (fee thefe 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 October 1790; 
he arrived at the entrance of the Gambia on the joth 
of November, and was kindly received by the king of 
Barra, who remembered the vifit which the major had proceedingt 
formerly paid him from the ifland of Goree ; and who9/ the Afri~- 
now, in return for a fmall prefent of the value of 20sA'” AJfod*-* 
cheerfully tendered proteclion and affiflance as far as/,w*‘ 
his dominion or influence extended. 

An offer from the mailer of an Englifh vefiel em- 
ployed in the trade of the river, enabled the Major, and 
the interpreter he had engaged on the coalt, to proceed 
to Junkiconda ; where he purchafed from the natives a 
horfe and five afles, and prepared to pafs with the mer- 
chandife which conffituted 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 haflily acquired a fuperficial knowledge, 
excited fufpicions of danger; and gave him intimation 
of a confpiracy which the negro miflrefles of the tra- 
ders, who feared that the Major’s expeditioa portended 
the ruin of their commerce, had formed againft his life. 
Afraid, therefore, of travelling by the cuttomary route, 
he availed himfelf of the opportunity which the dry fea- 
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Honghtnn. f0n and the tide of ebb afforded of fwimming his horfe 

and his afles acrofs the flrearn ; and having’ by thofe 
means avoided the parties who were fent for his deftruc- 
tion, he proceeded with much difficulty on the fouthern 
fide of the river, to that diitrid of Cantor which is op- 
polite to the kingdom of Woolli. There he repaffed 
the Gambia, and fet a meffenger to inform the king 
cf his arrival, and to requeit a guard for his proteftion. 

An efcort, commanded by th« king’s foil, was imme, 
diately difpatched ; and the Major, whofe intended pre- 
fent had been announced, was kindly received, and hof- 
pitably entertained at Medina. 

'I he town is fuuated 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 
different fedfs of religion diftinguilh rather than divide 
the peoplej the one is compofed of the profeffors of the 
Mahomedan faith, who are called Bufhreens ^ the other, 
and, it is faid, the more numerous, conlifts of thofe 
who, denying the miffion of the prophet, avow them- 
felves deifls, and from their cuflom of drinking with 
freedom the liquors of which he prohibited the uie, are 
denominated Sonikees or drinking men. 

Jn a letter from Major Houghton to his wife, which 
a feaman preferved. from the wreck of a veffel in which 
the difpatches to the fociety were loft, the Major in- 
dulged the reflexions that naturally arofe from his paft 
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 paffed—the journey from Junki- 
conda had expofed him to innumerable hardfhips ; but 
he was now in pofleffion of every gratification which 
the kindmfs 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 ereXion of a fort on the falubrious and beautiful 
hill of Fatetenda, where the Englifh once had a faXory, 
he expreffes 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 
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bnf YV* rh\face and arm : and th»»gh the Houghton, hofpitable kindnefs of the people of the neighbouring v— 
town of Barraconda, who cheerfully opened the? 
houfes to more than a thoufand families, whofe tene- 
ments the flames had confumed, was anxioufly exerted 
lor his relief ; yet the lofs of his goods, and the confe- 
quent diminution of his travelling fund, were evils 
which no kindnefs could remove. 

It was in this fit nation that, wearied with the fruit- 
efs hope of the return of the native trader, with whom 

he had contraXed for his journey, he refolved to avail 
himielf of the company of another Have merchant, who 
was lately arrived from the fouth, and was now on his 
way to his farm on the frontier of the kingdom of 
Bambouk Accordingly, on the evening of the 8th 
of May, he proceeded by moon light and on foot, with 
fiis two afles, which the fervants of the Have merchant 
offered to dnve with their own, a id which carried the 
wieck of his fortune ; and journeying by a north-eaft 
com le arrived on the fifth day at the uninhabited fron- 
tier which feparates the kingdoms of Woolli and Bon- 
doii, 
^ He had now palled the former limit of European- 
diicovery ; 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 diftinXions are fimilar to thofe which prevail 
in the kingdom of Woolli. ^ 

A journey of 150 miles, which was often interrupt- 
ed by the engagements of his companion who traded 
in every town, conduXed him to the banks of the Fa- 
leme, the fouth-weftern boundary of the kingdom of 

!tS l rer was exha«fted by the advanced Hate of the dry feafon, and its bed exhibited an ap- 
pearanee of flatc intermixed with gravel. 

Bambouk is inhabited by a nation,, whofe woolly 
hair and fable complexions befpeak the m of the neero 
race, but whofe charaXer feem-s to be varied in prouor- 
tion as the country rifes from the plains of its weftern 
divifion to the highlands of the eaft. Diftinguiffied 
into feXs, like the people of Woolli and Bondou, by 
tile niiTPrpnf- fpruafo IV/T..L  i ~ > j Ilic wiU participate with him in the pleafure of rapidly the different tenets ofMah J0 '’r 

ac^rmgthat vaff weaUh which h/imagi„eS its km! arc 
it rate the ^ merce will afford. 

While, in this manner, he indulged the dream of fu- 
ture profperity, and with ftill more ample fatisfaXion 
contemplated the eclat of the difeoveries for which he 
was preparing, but iu 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 unexpeXed 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, Ito which he trufted for the expences of 
his journey, were deftroyed ; and to add to his afflic- 
tion, his faithleis 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 an the river foon afterwards burft in his hands. 

lerate the refpeXive opinions thev condemn 
Agriculture and pafturage, 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- 
nufaXunng arts, is fuch as enables them to fmelt their 
iron ore, and to furniffl 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 univerfal 
wear, they appear to weave by a difficult and laborious 
procefs; and to thefe two circumftances it is probably 
owing, that with them the meafure of value is „ot a^ 
on the coaft, a bar of iron, but a piece of cloth. ’ 

The common vegetable food of the inhabitants nn- 
pears to coniift of rice; their animal, of beef or mut- 
ton A liquor prepared from fomented honey, fun. 
pi esthe want of wme, and furniffles the means of thofe 

co^TZToT3 COnftiUUe the of the 
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#»ton. Qn the Major’s arrival at the batiks of the river Fa- 
 leme, he found that the war which had lately fubfifted 

between the kings of Bondoti and Bambouk was ter- 
niiuated by the cefllon to the former of the' conquefts 
be had made in the low land part of tho dominions of 
the latter ; and that the king of Bondou had taken up 
his refideflce in the territory which he had thus ob- 
tained. 

The Major battened to pay his refpe&s to the vic- 
torious prince, and to otter a fimdar prefent to that 
which the kings of Barra and Woolli had cheerfully 
accepted ; but to bis great difappointment an ungra- 
cious reception, a fullen permiflhm to leave the preient, 
and a ftern command to repair to the frontier town 
from which he came, w7ere followed by an intimation 
that he flrould hear again from the king. According- 
ly, on the next day, the king’s fon, accompanied by an 
armed attendance, entered the houfe 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 felefted whatever commodities were 
beft 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 of inferior 
value were not confidered as fufficiently attractive. 

The Major now waited w-ith impatience for the per- 
fonnance of the promife which the Have merchant, with 
whom he had travelled from the Gambia, had made of 
proceeding with him to Tombudfoo ; but as the mer- 
chant was obliged to fpend a few days at his rice faim 
on the banks of the Faleme, the Major accepted an in- 
vitation to the hofpitality 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 collefting, before his departure, a fut- 
ficient fupply for their fupport. This argument for 
delay was too forcible to be oppofed ; and therefore 
the Major refolved to employ the interval in vifiting 
the king of Bambouk, who refided in the town of Fer- 
banna, on the eattern fide of the Seira 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 4th of July, and was intro- 
duced with a wefterly wind, was now fet in, the ground 
on which he patted the night was deluged with rain, 
while all the fky exhibited that continued blaze .of 
lightning, which in thofe latitudes often accompanies 
the tornado. Diftreffed by the fever, which began to 
affail 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 fun-fhine. 

Scarcely had he reached Ferbanna when bis fever 
rofe to a height that rendered him delirious ; but the 
ftrength of his conftitution, and the kindnefs of the ne- 
gro family to which his guide had conducted him, fur- 
mounted the dangerous difeafe ; and in the friendly re- 
ception which was given him y the king of Bambouk 
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he foon forgot the hardttiips of his journey. • r* ii* .i..i irr 1 1 11,-1 
  --c-- - i j — / k’nS Houghto*,* 
informed him, that the Ioffes he had lately fuftained in ■v—' 
the conteft with the armies of Bondou, arofe from his 
having exhaufted his ammunition ; for, as the French 
traders, who formerly fupplied his troops, had aban- 
doned the fort of St Jofeph, and, either from the dvy- 
nefs of the laft feafon, or from other caufes, had defert- 
ed the navigation of the upper part of the Senegal, he 
had no means of replenilhing his ftores ; 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 ftate 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 fuceeffive days. 

In the interim, the Major received, and gladly ac- 
cepted, the propofal of an old and rdp eft able merchant 
of Bambouk ; who offered to conduct him on horfe- 
back to Tombuftoo, and to attend him back to the 
Gambia. A premium of L. 125, to be paid on the 
Major’s return to the Britilh faftory at Junkiconda, 
was fixed by agreement as the merchant’s future re- 
ward. It was further determined that the Major 
ffiould be furnilhed with a horfe in exchange for his 
two affes ; and ffiould convert into gold dull, as the 
moft 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 lu's future friendfhip, a prefent of a purfe 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 fome time fanguine 
hopes of his reaching Tombuftoo. Alas ! theie hopes 
were blafted. 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 Tiiheet (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 expence 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 fufpefted 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 poffdhon of the 
Moors, called Farra ; and being by thefe unfeeling 
wretches ref 11 fed food, which he had not tailed for tome 
days, he funk at laft under his misfortunes. Whether 
he aftually died of hunger, or was murdered outright 
by the favage Mahometans, Mr Park could not learn ; 

but 
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' Houfla. but he was (hewn at a cbftance the fpot in the woods 
^ v" to which his body was dragged, and where it was left 

a prey to corruption. 
Thus perifhed, in the prime of life, Major Houghton, 

a man whofe travels enlarged the limits of European 
difcovery, and whofe accounts of the places which he 
whited were ftrongly confirmed by the intelligence which 
the Britifii conful at Tunis colle&ed from the Barbary 
merchants. 

HOUSSA, the capital of an African empire, on the 
tanks of the Niger, is a city which has excited much 
curiofity among men of fcience, fince it was firft men- 
tioned to a committee of the African Aflbciation 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 Houfia, where he had 
refided two years, was equalled only (fo far as his know- 
ledge extended) by that of London and Cairo: and, 
in his rude unlettered way, he defcribed the govern- 
ment as monarchical, yet not unlimited ; its jultice as 
fevere, but dire&ed by written laws; and the rights of 
landed property as guarded by the inftitutions of cer- 
tain hereditary officers, whofe fun&ions appear to be fi- 
milar to thofe of the Canongoes of Hindoftan (fee Ca- 
fongoss in this Svppl.y, and whofe important and com- 
plicated duties imply an unufual degree of civilization 
and refinement. For the probity of the merchants of 
HouflTa, the Arab exprdfed the higheft refpeft ; but re- 
maiked, 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 perfedfly different from the Arabic 
and the Hebrew characters ; but he reprefeuted the art 
of writing as common in Houffa. And when he de- 
fcribed the manner in which their pottery is made, he 
gave, unknowingly to himfelf, a reprefentation of the 
ancient Grecian wheel. In paffing to Houfia fiom 
Tombudfoo, in which laft city he had refided feven 
years, he found the banks of the Niger more numerouf- 
Jy peopled than thofe of the Nile, from Alexandria to 
Cairo; and his mind was obvioufly imprefied with higher 
ideas of the wealth and grandeur of the empire of 
Houffa, than of thofe of any kingdom which he had 
ieen, England alone excepted. 

. The exiftence of the city of Houfia, and of the em- 
pire thus defcribed by Shabeni, was ftrongly confirmed 
by letters which the committee received from his Majef- 
ty’s confuls at Tunis and Morocco; and it has been 
put beyond all poffibility of doubt by Mr Park, who re- 
ceived from various perfoss 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 Tombuftoo, he learned that the 
former of thefe cities was the largeft 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 bad feen one or two, we can hardly efti- 
mate the inhabitants of Houlfa at a lets number than 
300,000. Many merchants, with whom our traveller 
eonverfed, reprefented Houfia as larger, and more po- 
pulous, than Tombuftoo, and the trade, police, and 
government, as nearly the fame in both. In that cafe, 
the king of Houffa and chief officers of ftate muff be 
Moors, and zealots for the Mahometan religion ; but 
tfcey cannot be fo intolerant as the fovereign of Tom- 
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buftoo and his minifters; for in Eloufla, Mr Park was 
told that the Negroes are in greater proportion to the 
Moors than in Tombuftoo, and that they have lijce- 
wife fome fhare in the government. According to ac- 
counts derived from Barbary merchants, the people of 
Houfla have the art of tempering their iron with more 
than European Drill; and their files, in particular, are 
much fuperior to thofe of Great Britain and France. 
I he confuls at 1 unis and Morocco affured the com- 
mittee of the African Afibciation, that at both thefe 
courts the eunuchs of the feraglio are brought from 
Houffa. 

To thofe who may ftill 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 afibciation, 
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 loft to the Hefart, 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 Kennel’s laft 
map of North Africa, Houffa is placed in 160 and about 
2o' N. Lat. and 40 3c' E. Long. 

HOUZOUANAS, are a wandering people, who 
inhabit that part of Africa, which, in a direftion from 
eaft to weft, extends from CaffVaria to the country of 
the Greater Nimiquas (See Njmiquas in this Suppl.) 
According to the map prefixed to Vaillant’s new 
travels, the diftrift occupied by the Houzouanas lies 
between 160 and 290 eaft longitude. Of its breadth 
from fouth to north we are ignorant, but it begins at 
the 23d parallel, aud ftretches northward probably 3. 
great way. 

M. Vaillant is inclined to believe, that the Houzoua- 
nas are the original item of the various nations, inhabit- 
ing at prefent the foutheru part of Africa, and that 
from them all the tribes of the eaftern and wefterq, 
Hottentots are defeended. The people themfelves know 
nothing of their origin ; but to the queftious that are 
put to them on the fubjtft, they always reply, that 
they inhabit the country which was inhabited by their 
anctftors. At the Cape M. Vaillant received the fol- 
lowing account of them, which, though he 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 
Camdebopthe fnow^y mountains, and the diftrift that 
feparates thefe mountains from Caffraria. Become 
neighbours to the colony, ia confequence of its extend- 
ing it {elf towards them, they at firft lived on peaceable 
terms with the planters ; and, as they difplayed more 
intelligence and greater aftivity than the Hottentots, 
they were even employed in preference to affift in culti- 
vating the land and in forming the fettlement. This good 
undertianding and harmony were, however, foon inter- 
rupted by that multitude of lawlels banditti fent froni: 
Holland to people the country. 

Thofe wort hie fs profligates wifised to. enjoy the fruits? 
of the land without the trouble of tilling it. Educa- 
ted, beiides, with all the prejudices of the whites, they 
imagined that men of a different colour were born only 

Houfla, 
Houzou- 

anas. 
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Houzrfu-, iq hjg tljeir. flavep. 'I'liey accordingly fubjeftcd them ceffity of flying to inacccfllble places among tin: barren 

, ana8, . to bondage, condemned them to thenioft laborious fer- mountains, where no other people could ex ill. 
vices, and repaid thofe lervices with harfli and ievere “ If they find antelopes and damans to kill ; if the 
treatment. The Houzouanas, incenfed at fuch arbitra- nymphs of ants are abundant ; or if their good fortune 
ry and tyrannical conduct, refufed any longer to work brings them plenty of locufts— they remain within the 
for them, and retired to the defiles of their mountains, precincts of their rocks ; but if the provifions neceflfary 
The planters took up arms and purfued them ; they to fubfiftence fail, the nations in their neighbourhood 
maflacred them without pity, and feized on their cattle mull fuffer. From the fummits of their mountains, 
and their country. Thofe who efcaped their atrocities they furvey at a diftance the countries around ; and if 
betook themfelves to flight, and removed to the land they obferve cattle, they make an incurfipn to carry 
which they now occupy ; but, on quitting their former them off, or (laughter- them upon the fpot, according 
pofleffions, they fwore, in their own name and that of to circumftances; but though they rob, they, never kill, 
their pollerity, to exterminate thofe European monfters, except to defend their lives, or by way of retaliation to 
to be revenged againft whom they had fo many incite- revenge an ancient injury. 
ments. And thus, if tradition be true, was a peaceful “ It happens fometimes, however, that after very fa- 
and induftrious nation rendered warlike, vindidlive, and tiguing expeditions they return without booty ; either 
ferocious. becaufe the objedts of their attack have difappeared, or 

This hatred has been perpetuated from generation to becaufe they have been repulfed and beaten. In fuch 
generation, though the Houzouanas of the prefent day cafes, the women, exafperated by hunger and the la- 
are ignorant of the original caufe of it. Bred up with mentation of their children crying for food, become al- 
an invincible averfion to the planters, they know only moll furious with pafiion. Reproaches, infult, and 
that they are animated to plunder and dellroy them ; threats, are employed ; they wilh to feparate from fuch 
but it is only by a vague fentiment of deteftation, with daftardly men, to quit hufoands deftitute of courage, 
the fource of which they are unacquainted; and which, and to feek others who wall be more anxious to pro- 
though it renders them cruel towards the planters, does cure provifion for them and their children. In Ihort, 
not prevent them from being good, kind, and humane, having exhaufted whatever rage and defpair could fug- 
towards each other. .geft> they pull off their fmall apron of modefty, and beat 

The Houzouanas, being known only by their incur- their hufbands about the head with it till their arms are 
fions and plundering, are in the colonies often confound- weary of the exercife. 
ed with the Bofhmen, and diitinguifhed by the fame ap- Of all the affronts which they can offer, this is the 
pellation. Sometimes, however, from their tawny co- mod infulting. Unable to withftand it, the men in 
lour, they are called Chinefe Hottentots; and, by means their turn become furious. They put on theirwar- 
of this double denomination, ill-informed travellers may cap, a fort of helmet made with the ikiu that covers 
eafily be led into an error, of which the confequence the neck of the hyaena, the long hair o( which forms a 
muff be, that their narratives will be replete with ab- creil that floats over the head, and fetting out like 
furdity and falfehoods. madmen, never return till they have fucceeded in carry- 

Their real name, and the only one which they give ing off feme cattle, 
themfelves, is that of Houzouana; and they have no- “ When they come back, their wives go to meet 
thing in common with the Bolhmen, who are not a them, and extol their courage amidft the (ondeft ca- 
diftinift people, but a mere collection of fugitives and reffes. In a word, nothing is then thought of but 
free-booters. The Houzouanas form no alliances but mirth and jollity ; and, till fimilar feenes are recalled by 
among themfelves. Being almoft always at war with fimilar wants, patt evils are forgotten.” 
the furrounding nations, they never mix with them ; Such was the character given of this formidable 
and, if they confent at any time to admit a ftranger in- people to M. Vaillant at bis firft interview with them ; 
to their hordes, it is only after a long acquaintance, a and during the long excurfions which he made in their 
fort of apprenticefhip, during which he has given proofs company, they did not belie it in a fingle infiance. In 
of his fidelity, and eitablifhed his courage. Such in- many refpeCts they appeared to refemble the Arabs, 
deed are their courage and predatory habits, that they who, being alfo wanderers, and like them brave and 
are the dread of all the furrounding tribes ; and the addiCled to rapine, adhere with unalterable fidelity to 
Hottentots who accompanied M. Vaillant trembled at their engagements, and defend, even to the laft drop of 
the very thought of entering the Houzouana territo- their blood, the traveller who civilly purchafes their 
ties. Nay, after they had lived many days among fervices, and puts himfelf under their protection. In 
them, and had experienced their fidelity, they conti- our author’s opinion, if it be at all practicable, to tra- 
nued under the daily apprehenfion of being maffacred verfe from fouth to north the whole of Africa, it could 
by them. Yet one of their own countrymen, who had only be under the conduCt of the Houzouanas ; and he 
lived long among the Houzouanas, gave fuch a charac- really thinks that fifty men of their temperate, brave, 
ter of that people as (hould have banifhed thofe idle and indefatigable nation, would be fufficient to proteCl 
fears. an enterprifing European through that long and ha- 

“ The Houzouanas (faid he), are by no means what zardous journey, 
you fuppofe them to be, murderers by profeffion. If Yet theie people, fo fuperior both in body and mind 
they fometimes (bed blood, it is not from a third of to the other natives of South Africa, are but of low 
carnage, but to make jud reprifals that they take up dature ; and a perfon five feet four inches in height is 
arms. Attacked and perfecuted by furrounding na- accounted among them very tall; but in their little bo- 
tions, they have found themfelves reduced to the ne- dies, perfediy well proportioned, are united, with fur- 

prifing 
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KtvizrtCi prifing ftrength and agility, a certain air of aiTurancc, 

. boldnels, and haughtinefs, which awes the beholder, 
and with which our author was greatly pleafed. Of 
all the favage races, he faw none that appeared to be 
endowed with fo a&ive a mind, and fo hardy a conttitu- 
tion. 

Their head, though it exhibits the principal charac- 
t'.nllics 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. 
fneir hair, more woolly, is fo fhort, that he imagined 
at fir ft their heads to have been ftiaved. The nofe too 
is ftill flatter than that of the Hottentots; or, rather, 
*.hey feem altogether deftitute of a nofe ; what they 
have confifting only of two broad noftrils which pro- 
ject at moft but 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 feems 
to be forehead. The features, however, are fo expref- 
iive, and the eyes fo large and lively, that, notwith- 
ftanding this fingularity of look, the countenance is to- 
lerably agreeable. 

As the heat of the climate in which he lives renders 
clothing unneceflary, 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 hoar-froft of 
his mountains, he feems indifferent to and not even to 
feel the cold. 

fdis 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 thole 
of the Houzouanas. During their emigrations, they 
leave them Handing, 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 
oil the bare ground. A proje&ing rock is then fuffi- 
eient to {belter them ; for every thing is fuited to a 
people whofe conftitutions are proof againft the fevereft 
fatigue. If, however, they flop anywhere to fojourn 
for a while, and find materials proper for conftrudting 
huts, they then form a kraal; but they abandon it on 
their departure, as is the cafe with all the huts which 
they eredft. 

This cuftom of labouring for others of their tribe 
announces a focial charadler and a benevolent difpofi. 
tion. They are indeed not only affedionate 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- 
tnon. If two hordes of the fame nation meet, the re- 
ception is on both fides friendly ; they afford- each o- 
ther mutual proteftion, and confer reciprocal obliga- 
tions. In fhort, they treat one another as brethren, 
though perhaps they are perftdl ftrangers, and have 
Sever feen each other before. 

Suppfc. Vol. I. Part II. 
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Adive and nimble by nature, the Houzouanas c8n- 

luler it as amufement to climb mountains, and the moft 
elevated peaks ; and they conduced M. Vaillant, his 
ervants and cattle, over precipices, and through defiles, 

which lie and ms Hottentots would have deemed abfo- 
lutely impaffable. The only arms of this people are 
bows and arrows, in the ufe of which they are very ex- 
pert; I he arrows, which are uncommonly fhort, are 
camed on the (boulder in a quiver, about .8 inches in 
length, and four in diameter, made of the bark of the 
aloe and covered with the fkin of a large fpecies of li- 
Zcud, which thefe wanderers find in all their rivers, par- 
ticularly on the banks of Orange and Fifh River. 

Notturnal fires are a peculiar language underflood 
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 underflanding and 
bnngmg it to perfeaion. If it be neceffary to announce 
a defeat or a vi&ory an arrival or departure, a fuccefs. 
tul plundering expedition, or the want of affiftance, in 
a word, any intelligence whatever, they are able, either 
by the number of their fires or the manner in which they 
at range them, to make it known in an inflant. They 
are even fo fagacious as to vary their fires from time to 
time, left their enemies fhould become acquainted with 
t it-ir fignals, and treacheroufly employ them in their 
turn to furpnfe them. 

Our author fays, that he is unacquainted with the 
pi maples of thefe fignals, invented with fo much iWe- 
nuity. Fie did not requefl information; becaufe be 
very rationally inferred that his requefl would not have 

gr,a"ted ; he °bferved, that three fires kindled at the difiance of twenty paces from each other, fo as 
to form an equilateral triangle, were the fignal for rally- 

Among the phyfical qualities which, in M. Vaillant’s 
opinion, prove that the Houzouanas are a diftinft na- 
tion, he mentions the enormous natural rump of the 
women, as a deformity which diflinguifhes them from 
every other people favage or polifhed, which he had 
evei known. “ I have feveral times (fays he) had oc- 
cafion to remark, that, among the female Hottentots in 
geneMi, as they advance in age, the inferior part of the 
back fwells out, and acquires a fize which it greatly 
exceeds the proportion it bore in infancy with the other 
pai ts of the body. The Houzouana women, having 
m their figure fume refemblar.ee to the Hottentots, and 
appearing therefore to be of the fame race, one might 
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 finl 
guiaiity was an excrefcence of flow growth, and in fome 
meafure an infirmity of old age; whereas among the 
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mi't^ an charaderif- tm of then race. The Houzouana mothers wear on 

their reins, like our miners, a fkin which covers this 
protuberance of the pofleriors; but which, being thin 
and pliable, yields to the quivering of the flefh, and be 
comes agitated m 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 
thefe 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.” 

If one half of what our traveller fays of the adivity 
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Hungary- and enterprlfing1 fpirit of this Angular people be true, 
, wa^er- might not the African Affociation lend a fecund Hough- 

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 
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-fcented eflence (fee Pharmacy, n° 365. EncycL} 

hift. cf In. To be really good, fays Profeffor Beckmann, the fpirit 
ventiom. 0f wine ought to be very ftrong, and the rofemary frefn; 

and if that be the cafe, the leaves are as proper as the 
flowers, which, according to the prefcription of fome, 
fhould only be taken. It is likewife neceffary that the 
fpirit of wine be dittilled 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 pad, 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 
fhut, 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 circumflance affirm, that Elizabeth, 
wife of Charles Robert king of Hungary, and daugh- 
ter of Uladiflaus II. king of Poland, who died in 1380 
or 1381, was the inventrefs. By often waffiing with this 
fpirit of rofemary, when in the 70th year of her age, 
lire was cured, as we are told, of the gout and an uni- 
verfal lamenefs ; fo that ffie not only lived to pafs 80, 
but became fo lively and beautiful, that (he was courted 
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by the king of Poland, who was then a widower, and 
who wiffied to make her his fecond wife. 

The Profeffor juftly confiders this Itory as a ridicu- 
lous fable (a). “ It appears to me (fays he) molt pro- 
bable, that the French name I’eau cle la reine d'Hongrie, 
w'as 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 wffiofe name they derived their importance, 
certainly neither ever fawr them nor ufed them.” 

HUNTER (John), the celebrated furgeon, was the 
youngeft child ol John Hunter of Kilbride, in the coun- 
ty of Lanark. He w-as born on the 14th of July 1728, 
at Long Calderw'ood, a fmall cltate belonging to the 
family ; and lofing his father w hen he was about ten 
years of age, he was perhaps too much indulged by his 
mother. One confequence 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 Encyclopcedia, wras then the moft celebrated 
teacher of anatomy, and John had expreffed a defire to 
affilt him in his refearches. The Doctor, w ho w'as very 
defirous to ferve him, and anxious to form fome opi- 
nion of his talents for anatomy, gave him an Jfrm to 
diffedt for the mufcles, with the neceffary direbtions 
how it was to be done ; and he found the performance 
fuch as greatly exceeded his expedtation. 

His firlt eflay in anatomy having thus gained him 
fome credit, Mr Hunter was now employed in a diflec- 
tion of a more difficult nature ; tins w’as an arm in 
which all the arteries were injeded, 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 fatisfadion, that he did not fcruple to fay 
that his brother would become a good anatomift, and 
that he Ihould not want for employment. From this 
period wre may conlider Mr Hunter as having ferioufly 
engaged in anatomy ; and under the inftrudions of Dr 
Hunter, and his affiftant Mr Symonds, he had every 
opportunity of improvement, as all the difledions at 
this time carried on in London were confined to that 
fchool. 

In 

Hunter,. 

(a) It was firft publiffied to the world in 1659 in a pofthumous wmrk 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 : r 

« j Elizabeth, queen of Hungary, being very infirm and much troubled with the gout in the 7 ?d year ot my- 
age, ufed for a year this receipt, given to me by an ancient hermit, whom I never faw before nor fince ; a”d wa» 
not only cured, but recovered my {Length, 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, I received the remedy. The receipt is as follows: 

“ K- Take of aqua vitae, four times diftilled, three parts, and of the tops and flowers of rofemary two parts :: 
put thefe together in a clofe veffel, let them Hand in a gentle heat 50 hours, and then diftil them. Ta e 
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 waflred with it every morning. 

“ It renovates the ilrength, brightens the fpirits, purifies the marrow and nerves, reftores and preferves the 
fight, and prolongs life.” Thus far from the Breviary. Then follows a confirmation which Prevot gives from- 
his own experience. 
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5'11 the fummer 1749, Mr Chefelden, at the requefl 
of Dr Hunter, permitted him to attend at Cheliea Hot- 
pital ; and he there learned the hr it rudiments of fur- 
gery. 

t he following winter he was fo far advanced in the 
knowledge of human anatomy, as to initrudt the pupils 
in diffedtion, to whom Dr Hunter had very little time 
to pay attention. This office, therefore, fell almott 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 175 he became a pu- 
pil at bt Bartholomew’s, and in the winter was preient 
at operations occahonally, 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 17 54 he became a furgeon’s 
pupil at St George’s hofpital, wffiere he continued du- 
ring the fummer months ; and in 17^6 was appointed 
houfe-furgeon. 

In the winter 1755, Dr Hunter admitted him to 
a partnerlhip in his ledtures, and a certain portion of 
tne courfe was allotted to him ; beiides which, he gave 
ledlures when the Dodor was called away to attend his 
patients. Making anatomical preparations w'as at this 
time a ne*v art, and very little known ; every prepara- 
tion, therefore, that was fkilfully made, became an ob- 
je£f of admiration ; many were wanting for the ufe of 
the ledfures ; and tne Dodtor being himfelf an enthu- 
liall for the art, left no means untried to infufe into his 
brother a love for his favourite purfuits. How well 
he fucceeded, the colledtion afterwards made by Mr 
Hunter will fufficiently 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 colledfion, and fo gratifying to his difpofition, 
that although in many other refpedls 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 mailer of 
what waS already known, as well as made fome addi- 
tion to that knowledge. He traced the ramifications 
of the olfadlory 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 
exiitence of the lymphatic veffels in birds. 

Many parts of the human body being fo complex, that 
their flrudfure could not be underltood, nor their ufes 
afcertained, Mr Hunter was led to examine fimilar parts 
in other animals, in which the ftru&ure was more 
fimple, and more within the reach of inveftigation ; this 
carried him into a wide field, and laid the foundation 
of his colledlion in comparative anatomy. 

In this new line of purfuit, this adlive 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 diffedlions of particular animals, btft 
to inflitute an inquiry into the various organizations 
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by which the fun&ions of life are performed, that he 
might thereby acquire fome knowledge of general prin- 
ciples. 

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 beails in the 
’I’ower for the bodies of thofe which died there 5 and 
he made fimilar applications to the men who ihowed 
wild beafts. He purchaled all rare animals which came 
in his way ; and thefe, with iuch others as were pre- 
fented to him by his friends, he entrufted to the ffiow- 
men to keep till they died, the better to encourage 
them to affiit him in his labours. 

His health was fo much impaired by exceffive atten- 
tion to his purfuits, that in the year 1760 he was ad- 
viled to go abroad, having complaints in his breail 
which threatened to be confumptive. In Gtlober of 
that year, Mr Adair, infpeaor-general of hofpitals, ap- 
pointed him a furgeon on the itaff; and in the follow- 
mg fprnig he went with the army to Bellifie, leaving 
Mr Hewfon to affift his brother during his abfence. 

Mi Hunter ferved, while the war continued, as fe- 
nior furgeon on the ilaff, both in Belhfle and Portugal, 
till the year 1763 ; and in that period acquired his 
knowledge of gun-ffiot wounds. On his return to Eng- 
land he fettled in London ; where, not finding the emo- 
luments from his half-pay and private practice 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 on in a large 
town, he purchafed for that purpofe, about two miles 
from London, a piece of ground near Brompton, at a 
place called Earl’s Court, on which he built a houfe. 
In the courfe of his inquiries, this excellent anatomill 
afcertained the changes which animal and vegetable 
lubftances undergo in the flomach when aded on by 
the gaftric juice ; he difcovered, by means <of feeding 
young animals with madder (which tinges growing 
bones red), the mode in which a bone retains its fhape 
during its growth ; and explained the procefs of exfo- 
liation, by which a dead piece of bone is feparated from 
the living. 

His tondnefs for animals made him keep feveral of 
different kinds in his houfe, which, by attention, he ren- 
dered familiar with him, and amufed himfelf by obfer- 
vmg their peculiar habits and inftin&s ; but this fami- 
liarity was attended with confiderable rifk, and fome- 
times led him into fituations of danger, of which the 
following is a remarkable inftance : 

1 wo leopards, which were kept chained in an out- 
houfe, had broken from their confinement, and got inr 
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 
were fecured, and he had time to refleft upon the rifk 
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, low of the Royal Society. 

in tnofe branches of knowledge which might affift 
his refea'rches, led him at this time to propqfe to Dr 
George Fordyce a,id Mr Cnmming, an eminent me- 
chanic, that they fhould adjourn fron\ the meetings of 
the Royal Society to fofhe coffee-houfe, and difcufs inch 
fubjefts as were connected with fcience. This plan 
was no fooner eftablifhed, than they found their num- 
bers increafed ; they were joined by Sir Jofeph Banks, 
Dr Solander, Dr MaMdyne, Sir George Shuckburgh, 
Sir HarryEnglefield, Sir Charles Blagden, Dr Noothe, 
Mr Ramfden, Mr Watt of Birmingham, and many 
others. At thefe meetings difcoveries and improve- 
ments in different branches of philofophy were the ob- 
jects of their confideration ; 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. 'Fliis accident, 
and the confinement in eonlequence of it, led him to 
pay attention to the fubjedt «f broken tendons, and to 
make a feries of experiments to aicertain the mode of 
their union. 

In the year 1768 Mr Hunter became a member of 
the corporation of furgeons ; and in the year following, 
through his brother’s intereft, he was elefted one of 
the furgeon’s of St George’s hofpital. In May 177ti 
bis Treatife on the Natural Hiflory of the Teeth was 
publifhed ; and in July of the fame year he married 
Mifs Home, the eldeft daughter of Mr Home, furgeon 
to Burgoyne’s regiment ot light horfe. The expence 
of his purfuits had been fo great, that it was not till 
feveral years after bis firll engagement with this lady 
that his affairs could be fufficiently arranged to admit 

. of bis marrying,. 
Though after his marriage his private pra&ice and 

profefhonal charatter advanced rapidly, and though his 
family began to increafe, he flill devoted much of bis 
time to the forming of his colledtion, which, as it daily 
became larger, was alfo attended with greater expence. 
'Vhe whole fuit of the beft rooms in his houfe were oc- 
cupied by his preparations ; and he dedicated his morn- 
ings, from fuhrife to eight o’clock (the hour for break- 
fail), 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 ftudies 
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His defirb for improvement and obfervations, that expofure to atmofpherical air Hunter.; 

limply, can neither produce nor increafe inflammation. -y—■"> 
He difeovered in the blood fo many phenomena oon- 
nedled with life, and not to be referred to any other 
caufe, that he confidered it as alive in its fluid ftate. 
He improved the operation for the lillula lachrymalis, 
by removing a circular portion of the os unguis inflead 
of breaking it down with the point of a troebar. He 
alfo difeovered that the gaftric juice had a power when 
the itomach wras dead of diffolving it ; and gave to the 
Royal Society a paper on this fubjeft, which is publifli- 
ed in the Philofophical Tranfadlions. 

In the winter 1773, he formed a plan of giving a 
courfe of leftures on the theory and principles of fur- 
gery, with a view of laying before the public his own 
opinions upon that fubjeft. For two winters he read 
his ledhires 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 ledlures was al- 
ways particularly unpleafant to him ; fo that the de- 
fire of fubmitting his opinions to the world, and learn- 
ing their general eftimation, were fcarcely fufficient to 
overcome his natural diflike to fpeaking in public. He 
never gave the firft ledlure of his courfe without taking 
30 drops of laudanum to take off the effefts of his un- 
eaiinefs. 

Comparative anatomy may he coniidered as the pur- 
fuit in which Mr Hunter was conftantly employed. No 
opportunity efcaped him. In the year 1773, at the 
requeft of his friend Mr Walfh, he diflcfted 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 
ItruCture of that animal by affilting 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 publilhed in the 
Philofophical TranfaCliorrs an account of certain re- 
ceptacles of air in birds, which communicate with the 
lungs, and are lodged both among the fleihy parts and 
hollow bones of thefe animals ; and a paper on the Gil- 
laroo trout, commonly called in Ireland the Girard- 
trout. 

In iTJSi feveral animals of that fpecies, called the 
he conftantly applied to the improvement of the art of gymnotus eleElrtcus oj Surinam, weie brought alive to this 
furgery, and omitted no opportunity of examining mor 
bid bodies ; from which he made a colleftion of fads 
which are invaluable, as they tend to explain the real 
caufes of fymptoins, which, during life, could not be 
exaftly afeertained, the judgment of the praCtitioner 
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- 
tected many fallacies, as well as made fome important 

country, and by their eleClrical properties excited very 
much the public attention. Mr Walfh, delirous of 
purfuing his inveftigations of animal eleCtricity, made a 
number of experiments on the living animals ; and tp 
give his friend Mr Hunter an opportunity of examining 
them, purchafed thofe that died. An anatomical ac- 
count of their eleCtrical organs was drawn up by Mr 
Hunter, and publilhed in the Philofophical Tranfac- 
tions. In the fame volume there is a paper of his, con. 
taining experiments on animals and vegetables refpeCl. 
ing their power of producing, heat. i 7 

In the courfe bf his purfuits, Mr Hunter met with 
difcoveries, in the healing art. He detefted the caufe many parts of animals where natural appearances cOilld 
of failure, common to all the operations in ufe for. the not be preferved, and others, in which the minuter yef- 
radical cure of the hydrocele, and was enabled to pro- fels could not be diftinftly feen when kept in fpirits j 
pofe a mode of operating, in which that event can with it was therefore necefiary to have them drawn, eitlw*- 

certainty be avoided. He afeertainedj by experirhents at the moment, or before they^were put iuto hotuys. 
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Hurter, Tfie expcrce of employing profefled draughtfmen, the 

v " ' difficulty of procuring them, and the difadvantage which 
they laboured under in being ignorant of the fubjedt 
they were to reprefent, made him defirous of having an 
able perfon in his houfe entirely for that purpofe. 

With this view he engaged an ingenious young artift 
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, 
ioon became a very good pra&ical anatomift, and from 
that knowledge was enabled to give a fpirited and ac- 
curate refemblance of the fubjeds he drew, fuch as is 
rarely to be met with in reprefentations of anatomical 
fubjeds. By his labours Mr Hunter’s colitdion is 
ennehed 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 bell 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 
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appeared to himfelf unfinifhed. His^obfervations on the Hunter, 
Mulcmar Adion of the Blood-veflels were laid before 
the Royal Society in 1780, and yet he delayed publifh- 
mg them till his Obfervations on the Blood and Inflam- 
mation were arranged; and they make part of the vo- 
lume which was published after his death. 

In 1783, he 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 oe- 
cupied in Jermyn-ftreet having expired, he purchafed 
the leafe of a large houfe on the eaft-fide of Leicefter- 
quare, and the whole lot of ground adjoining to Caftle- 

itreet, on which there was another houfe. In the mid- 
dle ipace between the two houfes, he ereded, at the ex- 
pence of I>. 3000, a building for his collcdion ; 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 hity-two feet long by twenty-eight feet wide, 
lighted from the top, and having a gallery all round, 
for containing his preparations. Under this were two 
apartments; one for his ledures, and the other, with no 
particular deftination at firft, but afterwards made ufe himfelf, confider his life to be in dano-er When 11  " L,ul H,lcrwaras ^aae ule 

refleded upon his own fituation, that^ll* hirfortune wiW T °f ^ durinS 
had been expended in his purfuits, and that his family entirelv f if ^ ^ houfe m Caftle-ftreet was 
had no provifion but what ffiould arife from the fale of the different^ranehes3^ Jhe r00ms,In k were Vfed for 

his colledion, he became very folieitous to givek'its tomy! m’Ut anCheS °f Kuman and comParative 

full value, by leaving it in a ftate of arrangement. This About this nerinrl Mr- W 
he accomplifhed with the affiftance of Mr Bell and his at the height of hhf f V 

H“nt,er be c°nfidered 
brother-in-law Mr Home. S[ ,hls ,chlrurg^’al career; his mind and 

- ’    body were both in their fuU vigour.. His hands were In 1778, hepublifiied the fecond part of his Treatife 
on the Teeth, in which their difeafes, and the mode of 
treatment are conildered. This rendered his work up- 
on that fubjed complete. He pullilhed alfo in the 
Philoiophical I ranfadions a paper on the Heat of Ani- 
maJs and Vegetables. In 1779, he published his account 
of the Free Martin in the Philofophical Tranfadions • the he'ad^o wh^h^t 1 Geoi^''s Hofpi^al, as large, as 
and in ,78o, hc laid before the Lyal Society^! c bringing .he and m 178c, he laid before the Royal Society an ac- 
count of a woman who had the fmall pox during preg- 
nancy, where the difeafe feemed to have been communi- 
cated to the foetus. 

In 1781, he was eleded a fellow of the Royal So- 
e *  _ 1 t J 

capable of performing whatever was fuggefted by his 
mind ; and his judgment was matured by former expe- 
nence. Some inltancps pf;his extraordinary fkill may 
very properly be mentioned. . 

He removed a tumor from the fide of the head- and 

CU. edges of the llein- together, the whole was near , 
healed by the firft intention. 

A ijti^ifreaed.outa,tumor>Qn the neck, which one of the belt operating furgeons in this country had dec la- 
red, rather too ftrongly, that, no.ope but a fool or a ciety of Sciences and Belles Lettres at Gottenhmw mnH n 1CI 1 onfpy> tbat no.ope but a fool or a 

And i„ 1782, he gave the Royai Society a paper ^ **»*>*« V* »>««« 
the Organ of Hearing in Fifn. Befides the papers 
which he prefented to that learned body, he read fix 
Croomon ledures upon the fubjed of Mufcular Adion, 
for the years 1776, 1778, 1779, ,78c, 1781, and 

He difeovered a new mode of performing the operat- 
ion for the popliteal aneprUjn, by taking up the fe- 

moral artery on the anterior part of the thigh, withopt 

Z “ tl!e ban., ‘ The hfoy >78a. In thefe lectures &coBe^d ail histb^irT and ifb-0 1" ^ ^ The fafety 
upon mufcles, refpeding their powers and effeds and f Kf ^ °. , '1S m^de bavp,^een confirmed by many 

.the ftimuli which the7a e Sed and to ^ls; J9nd it muft be allowed to Hand very 
he added Co^arativeObVr^tW^n he IvFg ^ ^ 
Powers of Plants. ^ g . J 5°Hl»derMr Flunter a.tthis period of his h'fy, it 

Thefe ledures were not published in the Philofoohi- of his t 3 .ror!^ Piaure pf the turn of his mind, 
cal Tranfadions, for they were withdrawn as Toon as afliH v • ° aequjre knovvledgp^ and his U)iiremittmp,> 
red, not being confidered by .he" utiior as compkte whatever was the objea of hi. 

pubiSion!’ b”t rather M n,aterial8 for fome future { Ue was engaged in a very extenfive private pradlice; 
It is much to be regretted (fays Mr Home)-that Mr , ,,e ,Wi,s 9™# 

Hunter was fa tardy m giving his obfervations to the rvln/nn Sc in, in the winter ; he was car- 
public; but fuch was his turn for inveftigation, and fo flhool of pradicaThum111 COII1Paratlvf anatomy ; had a 
extenfive the fcale upon which he inftituted his inqui- was alwavLmnS! ^r anatomy m hls ; and; 
rtes, that he always found fomething more to be accom- animal economy ^ 111 ^ exberin,ents ^fpeding the 
phlhed, and was unwdtag ,o publilh any thing which He was always Mieio us for fume improvement in- 

medical \ 
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Hunter, medical education ; and, with the affiftance of Dr For- 

dyce, inllituted a medical fociety, which he allowed to 
meet in his le&ure rooms, and of which he was chofen one 
of the patrons. This fociety, called the Lyceum McJicum 
Londinenfe, under his aufpices and thofe of Dr Fordyce, 
has acquired confiderable reputation, both from the 
numbers and merits of its members. 

In the year 1 786, 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 firft edition, thefe-expedfations 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 Tran factions, which related 
to that fubjeCf, having permilfion from the prefident 
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 publilhed. 
This work met with a very ready fale. 

In the year tySyj be gave a paper to the Royal So- 
ciety, containing an Experiment to determine the EffeCt 
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 diliinguifhed abilities. 

His collection, which had been the great objeCt of 
his life, both as a purfuit and an amufement, was now 
brought into a ftate of arrangement; and gave him fit 
length the fatisfadtion of {hewing to the public a feries 
of anatomical fadts 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 infpedtor-general 
of hofpitals, and furgeon-general to the army. He was 
alfo eledted a member of the Royal College of Surgeons 
in Ireland. In the year 1791, he was io much enga- 
ged in the duties of his office, as furgeon-general to the 
army, and his private practice, that he had little time 
lo bellow upon his fcientifical objedts; but bis leifure 
time, fmall as it was, he wholly devoted to them. 

In 1792, he was eledted an honorary member of the 
Chirurgo-Phyfical Society of Edinburgh, and was cho- 
fen one of the vice-prefidents of the Veterinary College, 
then firft eftabliftied in London. He publifhed in the 
Tranfadtions 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 fubjedts : Upon the 
Treatment of Inflamed Veins, on Introfufception, and 
on a Mode of conveying Food into the Stomach in 
Cafes of Paralylis 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 tor many years ; every inquiry into the 
economy of thefe infedts had been attended by almoft 

unlunnountable difficulties; but thefe proved to him Hunter. 
only an incitement, and the contrivances he made ufe  v—~ 
of Jo bring the different operations of thefe indefatigable 
animals to view were almoft without end. 

Earl’s Court to Mr Hunter was a retirement from 
the fatigues of his profefiion ; but in no reipedt a re- 
treat from his labours; there, on the contrary, they were 
carried on with lefs interruption, and with an unwearied 
perieverance: 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- 
fiuefs in the forenoon, and returning to dinner 

It was there he earned on his experiments on di- 
geftion, on exfoliation, on the tranfplanting of teeth in- 
to the combs of cocks, and all his other inveftigatioris 
on the animal economy, as well in health as in difeafe. 
The common bee was not alone the fubjedt of his ob- 
fervation, but the wafp, hornet, and the lefs known 
kinds of bees, were alfo objedts of his attention. It was 
there he made the feries of preparations of the external 
and internal changes of the filk worm ; 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 fubjedt of inquiry, and one on which 
he was always engaged in making experiments. 

rl he colledtion of comparative anatomy which Mr 
Hunter has left, and which may be conli'dered as the 
great objedt of his life, muft be allowed to be a proof 
of talents, affiduity, and labour, which cannot be con- 
templated without furprife and admiration. It remains 
an unequivocal teft of his perfeverance and abilities, and 
an honour to the country in whole fchools he was edu- 
cated, and by the patronage of which he was enabled 
on io extenfive a fcale to carry on his purfuits. In this 
colledtion we find an attempt to expofe to view the gra- 
dations of Nature, from the moil Ample ftate in which 
life is found to exift, up to the molt perfedt and molt 
complex of the animal creation—man himftlf. 

By the powers of his art, this colledtor has been ena- 
bled fo to expofe, and preferve in fpirits or in a dried 
ftate, the different parts of animal bodies intended for 
fimilar ufes, that the various links of the chain of per- 
fedtion are readily followed and may be clearly under- 
flood. 

This colledtion of anatomical fadts is arranged ac- 
cording to the fubjedts they are intended to illuftrate, 
which are placed in the following order : Firjl, Parts 
conftrudted for motion. Secondly, Parts elfentiai to ani- 
mals refpedting their own internal economy. Thirdly, 
Parts fuperadded for purpofes connected with external 
objects. Fourthly, Parts for the propagation of the 
fpecies and maintenance or fupport of the young. 

Mr Hunter was a very healthy man for the firft forty 
years of his life ; and, it we except an inflammation o£ 
his lungs in the year 1759, occaiioned molt probably 
by h is attention to anatomical purfuits, he had no com- 
plaint of any confequence during that period. In the- 
fpring of 1769, in his forty firft year, he had a regular- 
lit 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 peSoris. In the life of him prefixed to 
his Treat ife on the Blood, Inflammation, and Gunshot 

Wounds, 
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’■’Hunter ffroumh, the reader will find one of the moll 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 
nuigment ot render him incapable of performing opera- 
tions in furgery. “ 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 October 1792, one, at which I was prefent, 
was fo violent that I thought he would have died. On 
October the 16th, 1793, 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 perfectly mailer of the circumilances, he withheld 
his fentiments ; in which ftate of reftraint he went into 
the next room, and turning round to Dr Robertfon, one 
of the phyficians of the hofpital, he gave a deep groan 
and dropt down dead; beingthen 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 afTeftion of the 
mind, and every future return of any confequence arofe 
from the fame caufe ; and although bodily exercife, or 
diilention of the ftomach, brought on {lighter affections, 
it ftill required the mind to be affecded to render them 
fevere ; and as his mind was irritated by trifles, thefe 
produced the moft violent effedts on the difeafe. His 
coachman being beyond his time, or a fervant not at- 
tending to his directions, brought on the fpafms, while 
a real misfortune produced no effe£f. 

Mr Hunter was of a ffiort ftature, uncommonly ftrong 
and aCtive, very compactly made, and capable of great 
bodily exertion. His countenance was animated, open, 
and m the latter part of his life deeply rmpreffed with 
thought fulnefs. When his print was ffiewn to Lavatcr, 
he faid, “ That man thinks for himfelf.” In his youth 
he was cheerful in his difpofjtion, and entered into 
youthful follies like others of the fame age ; hut 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 eafily 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 uncommonly 
aChve ; it was naturally formed for inveftigation, and 
that turn difplayed itfelf on the molt trivial occafions, 
and always with mathematical exa&nefs. 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-hfs life. 

He required lefs relaxation than moft other men; 
feldom fleeping more than four hours in the night, but 
alrnoil always nearly an hour after dinner ; this, pro- 
bably, arofe from the natural turn of his mind being fo 
much adapted to his own occupations, that they were 
in leality his amufement, and therefore did not fatigue. 

. P1 ^vate pra&ice he was liberal, fcrupuloufly honeft 
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. 
Itand. 

[ 759 ] H Y D 
In converfation, he fpoke too freely, and fometimes Hunter, 

harihly, of Ins contemporaries; but if he did not dojuftice II 
to their undoubted merits, it arofe not from envy, but Hydrome’ 
from his thorough convi&ion that furgery was as yet in ^ ter' 
its infancy, and he himfelf a novice in his own art"; and 
his anxiety to have it carried to perfeftion, made him 
think meanly and ill of every one whofe exertions in that 
rcipeci did not equal his own. 

H U N i £ RS, in fortification, denote pieces of 
timber, about fix inches fquare, placed at the lower 
end or the platform, next to the parapet, to prevent 
the wheels of the gun-carriages from damaging the pa- 

IH DROGRAPHICAL Charts or Maps, more 
uluaJly caned fea-charts, are projections of fome 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’ 
liiands, rocks, ftioals, ill allow s, &:c. in their proper places, 
and proportions. 

HYDROMETER, is an inftrument, of which fo 
muen has been faid in the Encycl. under that title, and 
in the article Specific Gravity, that we certainly ffi’ould 
not again introduce it in this place, but to guard our 
readers agamft error, when ftudying 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-liqueur of Baume ; and as that inftrument' has ne- 
ver been generally ufed in this country, it becomes our 
duty to deferibe its confti uction. * 

Inftead of adopting the Ampler method of immediate 
numerical reference to the denfity of water expreffed bv 
unity, as is done in all modern tables of fpecific gravi- 
ty, he had recourfe to a.procefs iimdar to that of gra- 
duating the ftems of thermometers from two fixed 
points. The firft of thefe points was obtained by im- 
merfing bis inftrument, which is 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 furface of the fluid, he marked zero, or the com- 
mencement of his graduations. In the next place, he 
provided a number of folutions of pure dry common 
fait in water : thefe folutions contained refpedtively 
one, two, three, four, &c. pounds of the fait ; and in 
each folution the quantify of water was fuch, 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 ; 
m the folution containing two pounds of fait, there 
were ninety-eight pounds of water, and fo of the reft 
The inftrument was then plunged in the firft folution’ 
in which of courfe it floated with a larger portion of 
t e ftem above the fluid, than when pure water was 
ufed. The fluid, by the interfeftion of its furface up- 
on the ftem, indicated the place for making his firft 
degree; the fame operation repeated, with the fluid 
containing two pounds of fait, indicated the mark for 
the iccond 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 compaffes 
repeatedly along the ftem, ferving to extend the gradua- 
tion^ as far as eighty degrees, if required. 

This inftrument, which is applicable to the admea- 

furement; 
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T-fydrus, furtment of denfities exceeding thnt of pnre water, is 
iy^'r

,me" commonly diitinguifhed by the name of the Hydrome- 
■ ' ter for fait s. 

The hydrometer for fpin’ts is conftrufted upon the 
fame principle ; but in this the counterpoife is fo ad- 
juRed, that moft part of the Rem rifes above the Raid 
when immerfed in pure water, and the graduations to 
exprefs inferior denfities are continued upwards. A 
folution of ten parts by Weight of fait in ninety parts 
of pure water, affords the firft point, or zero, upon the 
Rem ; and the mark indicated by pure water is called 
the tenth degree ; whence, by equal divifions, the re- 
maining degrees are continued upwards upon the ftem 
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 conftellations, including only ten liars. 

HYGROMETER, is an inftrument of fo much 
importance to the meteorologift, that it becomes us to 
give fome account of every improvement of it which 
has fallen under our notice. In the Encyclop<edia> the 
principles upon which hygrometers are conttrudted have 
been clearly Rated, and the defedls of each kind of hy- 
grometer pointed out* 

Inllead of hairs or cat-gnt, of which hygrometers 
of the firft kind are commonly made, Caffebois, a Be- 
nedi&ine monk at Mentz, propofed to make fncli hy- 
grometers of the gut of a lilk-wofm. When that in- 
fetl is ready to fpin, there are found in it two veffels 
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 
n line in diameter. Thefe veffels contain a gummy fort 
of matter from which the worm fpins its filk ; and, 
though they are exceedingly tender, means have been 

, deviled to extraft them from the infeft, and to prepare 
them for the above purpofe. When the worm is a- 
bout to fpin, it is thrown into vinegar, and fuffered to 
remain there twenty-four hours ; during which time 
the vinegar is abforbed into the body of the infedt, and 
coagulates its juices. The worm being then opened, 
both the veffels, which have now acquired ftrength, are 
extracted ; 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 fuffieiently 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 llimy 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 
confefs that we do not clearly perceive its fuperio- 
rity. 

To an improvement of the hygrometer conllrudled 
on the third principle, Hated in ine. Encyclopedia, M, 
Hochheimer was led in the following manner : 

Mr Lowitz found at Dmitriewlk in Aftracan, on 
the banks of the Wolga, a thin bluilh kind of Hate 
which attracted moilture remarkably foon, but again 
fuffered it as foon to efcape. A plate of this flate 

weighed, when brought to a red heat, 175 grains, and, Hy^rom;. 
when faturated with water, 247 : it had therefore im- <;e^• 
bibed, between complete drynefs and the point of com- v*" 
plete moifture, 72 grains of water. Lowitz fufpended 
a round thin plate of this Hate at the end of a very de- 
licate balance, faltcned within a wooden frame, and fuf- 
pended at the other arm a chain of filver wire, the end 
of which was made fall to a Hiding nut that moved np 
and down in a fmall groove on the edge of one fide of 
the frame. He determined, by trial, the pofition of 
the nut when the balance was in equilibrio and when it 
had ten degrees of over-weight, and divided the ipacd 
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 (hewed the excefs of weight in 
grains when it and the chain were fo adjulled that the 
balance Hood in equilibno. A particular apparatus 01% 
the fame principles as a vernier, applied to the nut, 
(hewed the excefs of weight to ten parts of a grain. 
Lowitz remarked that this hygrometer in continued 
wet weather gave a moifture of more than 53 grains, 
and in a continued heat of 113 degrees of Fahrenheit 
only li degree of moifture. 

The hygrometer thus invented by Lowitz was, how- 
ever, attended with this fault, that it never threw off 
the moifture in the fame degree as the atmofphere be- 
came drier. It was alfo fometimes very deceitful, and 
announced moifture when it ought to have indicated 
that drynefs had again begun to take place in the at- 
mofphere. To avoid theie inconveniences, M. Hoch- 
heimer propofes the following method : 

t. 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 vreight, inllead of the common 
weights that are fufpended. 2. Take a glafs plate 
about ten inches long, and fevert inches in breadth, de- 
ftroy its polifti on both Tides, free it from all moifture 
by rubbing it over with warm alhes, 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 poffible, for the 
point of the greateft 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 
glafs plate thus moillened again to the balance, and 
bring the latter into equilibrium by ferewing the leaden 
bullet. Mark then the place at which the bullet Hands 
as the higheft degree of moifture. 6. This apparatus 
is to be lufpended in a fmall box of wTell dried wood, 
fufficiently large to fuffer the glafs-plate to move up 
and down. An opening mull be made in the lid, ex- 
actly 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 higheft point of drynefs to the high- 
eft degree of moifture. The box mull be pierced with 
fmall holes on all the four fides, to give a free paffage 
to the air ; and to prevent moillure from penetrating 

into 
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into the wood fcy rain, when it may be require to ex- 
P°.ie ^ at a window, it mull either he lackered or 
painted. To fave it at all times from rain, it may lie 
covered, however, with a fort of roof fitted to it in the 
rnofl convenient manner'. But all thefe external appen- 
dages may be improved or altered as may be found ne- 
ceffary. 

m ^ ERBOLA Deficient, is a curve having only 
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one afymptote, though two hyperbolic legs running out 
infinitely bvfhe fide of the afymptote, but contrary wavs. 

HYPO 1 RACHKLION, in Architecture, 'S ufed 
for a little frize in the 1 ufcan and Doric capitali be- 
tween the aftragal and annulets ; called alfo the colerin 
and gorgerin. fhe 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 aftragal. 

I. 

Jacobins. JACOBINS, in the language of the prefent day, is 
the name afiumed, at the beginning of the French 

revolution, by a party in Paris, which was outrapeouf- 
ly democratical, and fanatically impious. This party, 
which confifted of members of the National Alfembly,’ 
and of others maintaining the fame opinions and purfu- 
ing the fame obje&s, formed itfelf into a club, and held 
its meetings in the hall belonging to the Jacobin friars, 
where meafures were fecretly concerted for exciting in- 
furredtions, and overawing at once the legiflature and 
the king. The name of Jacobin, though it was derived 
trom the hall where the club firft met, has fince been 
extended to all who are enemies to monarchy, arifto- 
cracy, and the Chriftian religion ; and who would have 
every man to be his own priett 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 fubjedl will be refumed in 
this Supplement under the fame title. The purpofe of the 
prefent article is to trace the principles of the fed from 
their fource; for thefe principles are not of yefterday. 

“ At jts very firft appearance (fays the Abbd Bar- 
uielj, this fed counted 300,000 adepts; and it was 
lupported by two millions of men, fcattered through 
France, armed with torches and pikes, and all the fire- 
brands of the revolution.” Such a wide fpread con- 
Ipiracy could not he formed in an inftant ; and indeed 
this able writer has completely proved, that this fed, 
with all its con (piracies, 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 rum of the throne, and the diffolution of all civil 
lociety, had been debated and determined.” 
. IS jtIlown to evei7 Rholar, that there have been 
in all ages and countries men of letters and pretenders to 
lettera, who have endeavoured to fignalize themfelves in- 
dividually by writing againft the religion of their coun- 
try ; but it was referved for the philofophifts (a) of 
Trance to enter into a combination for the exprefs pur- 
pofe of eradicating from the human heart every rehVi- 
mis fentiment. The man to whom this idea firft OCur 

Sufpl. Vol. I. Part II. 

red was Voltaire ; who, daring to be jealous of his God, 
and being weary, as he (aid himfelf, of hearing people 
repeat that twelve men were fuffieient to eftablhh Chrif. 
tianity, refolved to prove that one might be fufficient to 
overthrow it. Full of this projed, he fwore, before the 
)cai 1730, to dedicate his life to its accompliihment ; 
and for fome time he flattered himfelf that he (hould 
enjoy alone the glory of deftroying the Chriftian reli- 
gion. lie found, however, that aflociates would be ne- 
ceflary ; and from the numerous tribe of bis admirers 
and difciples, he chofe D’Alembert and Diderot as the 
mod proper perfons to co-operate with him in his de- 
figns. How admirably they were qualified to ad the 
part afligned them, may he conceived from the life of 
Diderot in this Supplement. But Voltaire was not fa- 
tisfied with their aid alone. 

He connived to embark in the fame caufe Frederic 
II. of Pruflia, who wiftied to be thought a phftofopher, 
and who of courfe deemed it expedient to talk and write 
againft a religion which he had never ftudied, and into 
the evidence of which he had probably never dehnied to 
inquire. . Ibis royal adept was one of the molt zealous 
of Voltaire’s coadjutors, till be difcovered that the phi- 
lofophifts were waging war with' the throne as well as 
with the altar. This indeed was not originally Vol- 
taiie 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 almoft every fovereign but Frede- 
ric, ddapproved of his impious projects as foon as he 
perceived their ijfue, he determined to oppofe all the go- 
vernments on earth, rather than forfeit the glory, with 
which he had flattered himfelf, of vanquifliing Chrilt 
and his apoftles in the field of controverfy. 

He now fet himfelf, with D’Alembert and Diderot, 
to excite univerfal difeontent with the eftablilhed order 
of things. This was an employment entirely fuited to 
them difpofition ; for not being in any fenfe great them- 
felves (b), they wiftied to pull all men down to their 
own level. How effe<ftua]ly 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 moft powerful engine ; they formed fecret focie- 

 ——  5 D ties. 

froL the mtam'ng Hthe word/Al^A^ Bamic1, and WC have adoPted it» as denoting fomething very different. 
(b) We do not by this mean to infinuate that D’Alembert was not a man of feience Hp , , 

•only man of fcience in that gang ; but he was a matter of no fcience but mathematicsob! 

> feu re. 
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Jacobin?. t;es> a{funfved 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 
fecret meetings they profefled to celebrate the mylteries 
of Mythra ; and their great object, as they profefled to 
one another, was to confound the 'wretch, meaning J — 
C—. Voltaire propofed to eftablifh a colony of philo- 
fophifts at Cleves, who, protected by the king cf Pruf- 
fia, might publifli their opinions without dread or dan- 
ger ; and Frederic was difpofed to take them urider his 
prote&ion, till he difeovered that their opinions were 
anarchical, as well as impious, when he threw them off, 
and even wrote againfl: them. 

They contrived, however, to engage the minifters of 
the court cf France in their favour, by pretending to 
have nothing in view but the enlargement of feience, in 
works which fpoke indeed refpeftfully 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 fchoolmallers, and others who were 
likely to circulate their contents. D’Alembert, Dide- 
rot, and Condorcet, who was now aflbeiated with the 
other confpirators, flattered the ambition of every man 
among the great, and efpecially of the Duke d’Orleans, 
the richeil fubjedt in Europe, and a prince of the blood 
of France. The firft. and the laft 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 c’onfpira- 
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, wdien the mafon lodges, over which the infa- 
mous Orleans preflded, were villted by a delegation from 
the German illuminati ; and nothing more was necefla- 
ry to produce the fe£t of Jacobins, by whofe intrigues 
and influence, France, as M. Barruel exprefles himfelf, 
has become a prey to every crime. It was by the ma- 
chinations of this fe£t that its foil was flamed with the 
blood of its pontiffs and priefis, 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 filter, drink, to the very dregs, 
the cup of outrage and ignominy during a long confine- 
ment, folemnly murdered them on a fcaffold, proudly 
menacing all the fovereigns of the earth with a fimilar 
fate. Yet think not, indignant reader, that the ways 
of Providence are unequal. The nations of Europe 
were ripe for chailifement ; and that chaftiftment thefe 
villains were employed to inflict: but their own punifh- 
ment did not linger. Voltaire died in agonies of de- 

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 inflifted 
vengeance on each other, every alteration of the French 
conflitution (and thefe alterations have been many) be- 
ing followed by the execution of thofe by whom the 
government wras previoufly adminiflered. 

JAGHIRE, afiignment made in Bengal by an Im- 
perial grant upon the revenue of any dillridd, to defray 
civil or military charges, penfions, gratuities, &c. 

JAGHIREDER, the holder of a Jaghire. 
Sr JAGO, the largeit and moft 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 exceflive droughts, for 
which no philofophical caufe can be afiigned. When 
the embaffy to China touched at it in the latter end of 
1792, it was in a Hate of abfolute famine. Little or no 
rain had fallen for about three years before. The rivers 
were almofl all entirely dry. The furface of the earth 
was, in general, naked of any herbage. The greatell 
part of the cattle had perifhed, not Id's through drought 
than want of food. Of the inhabitants many had mi- 
grated, and many were famiflied to death. Nor wms 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 ftate of fimilar de- 
folation. Yet the frequent (bowers which were obfer- 
ved by the firft navigators who touched at St Jago, in- 
duced them to give to the ifland the name of Plu'vialis; 
and no change had been obferved in the fteady current 
of wind, blowing from the eatt, 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 call behind it, and from which this direful effect 
mu{l have proceeded, as they happened where no man of 
fcience exifted 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 arrefted the bountiful hand of Nature, 
by drawing away the fources of fertility, it was obler- 
vable, that fome few trees and plants perfevered to flou- 
nfh with a luxuriance, indicating that they ftill could 
extraft 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.” 

Be fide 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 
gigantea (fee Asclefias, Encycl.), growing plenti- 
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 moillure from the atmofphere. The jatro- 
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ptia curcas, or phyfic nut tree, which the French Wed 
Indians, with fome propriety, call hois immorhl, and 
plant, on that account, in the boundaries of their eftates, 
appeared as if its perpetuity was not to be afiedted by 
any drought. Some indigo plants were ftill cultivated 
with fuccefs in (haded vales, together with a few cot- 
ton (hrubs. Throughout the country fome of thofe 
fpecies of the mimofa, or fenfitive plant, which grow 
into the fize of trees, were moil common, and did not 
appear to languifh. In particular fpots the annona, or 
fugar apple tree, was in perfect verdure. The boraifus, 
or great fan palm, lifted, in a few places, its lofty head 
and fpreading leaves with undiminiihed beauty. In a 
bottom, about a mile and 3 half behind the town of 
Pray a, was it ill growing, in a healthy Hate, what may 
be called for iize a phenomenon in vegetation, a tree 
known to botaniils by the name of adanfonia, and in 
Lnglifh called monkey bread tree. The natives of St 
Jago call it kabifera ; others, baobab. Its trunk tnea- 
fured 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 flood another of the 
fame fpecies, whofe Angle 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 plaintains, nouriihed by re- 
gular falls of rain, now bore little femblance of vegeta- 
tion. Yet in the fmall number of plants which furvi- 
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 moifture could be conveyed. 

Sir George reprefents Praya, the refidence of the 
Portuguefe Viceroy, as a hamlet rather than a town. It 
conflfts of about 100 very fmall dwellings, one itory 
high, fcattered on each iide 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 fituation capable 
of defence ; the fort, however, or battery, was aimed 
in ruins ; and the few guns mounted on it were modly 
honey-combed, and placed on carriages which fcarcely 
held together. 

A party belonging to the embaffy eroded the coun- 
try to the ruins of St Jago, the former capital of the 
idand, dtuated in the bottom of a vale, through which 
ran a dream, then both fmall and duggifh. On each 
fide of that dream are the remains of dwellings of con- 
fiderable folidity and fize ; and the fragments of glefs 
lud res, dill 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 
red abandoned it, or peridied. Here was dill, how- 
ever, an attempt at a dight manufactory of dripped cot- 
ton dips, the fame as are made in the other parts of the 
idand, for the ufe of the Africans on the main, who pay 
for them in daves, elephants teeth, and that gum which 
is generally called arable. 

Amidd the ruins of St Jago, the party found a Por- 
tuguefe, to whom one of them was recommended, and 
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who received them with the mod cordial hofpitality in 
his houle, and treated them with every fpecies of tropi- 
cal fruits from his garden, lying on each dde the river. 

He had been a navigator ; and informed them that 
the ide of Brava, one of the Cape de Verde’s, was a 
litter and fafer place for (hips to call at for water and 
previfions than the idand of St J?go ; that it had three 
harbours: one called Puerto Furno.on the esd fide of 
the idand, from which vedels mud warp, or be toweil 
out by boats ; the Puerto Fajendago to the wed ; and 
the Puerto Ferreo to the fouth, which was the bed for 
large fit ip s, and into wdiiclv runs a fmall river. In an- 
other of the Cape de Verde idands, called San Vicente, 
he obferved that there w'as alto a large harbour on the 
north end, but that frefli water was at fome didance 
from it : and there w as likewife a good port at Bona- 
vida. This information of the harbours in the ifle of 
Brava was confirmed by accounts given by others to 
Sir Erafmus Gower, w/ho recommends to make a trial 
of them. 

JALOFFS, or Yaloffs, are an aftive, powerful, 
and warlike people, inhabiting great part of that tradt 
of Africa which lies between the Senegal and the Man- 
dingo dates on the Gambia (See Mavdingoes in this 
Supplement). Their nodes, fays Mr Park, are not fo 
much depreded, nor their lips fo protuberant, as thofe 
of the generality of Africans ; and though their (kin is 
of the deeped black, they are conddered by the white 
traders as the mod dghtl.y negroes in that part of the 
continent where they live. They are divided into fe- 
veral independent dates or kingdoms, which are fre- 
quently at war with their neighbours or wu’th each o- 
thei. In tneir manners, fpperllitions, and government, 
they have a greater refemblance to the Mandingoes than 
to any other nation ; but excel them in the manufac- 
ture of cotton cloth, (pinning the w^ool to a finer thread, 
weaving it in a broader loom, and dyeing it of a better 
colour. T. hey make very good foap, by boiling ground 
nuts in water, and then adding a ley of wmod afiies. 
They likewife manufadfure excellent iron, which they 
Cai 1 j to Bondou to bartei; for ialt. Their language is 
faid to be copious and fignificant, and is often learned 
by Europeans trading to Senegal. From tiie names of 
their numerals, as given by Mr Park, it wmuld appear 
that their numeration proceeds by jives, as ours does 
by tens. 

Our author relates the event of a religious war, wdiich, 
as it difplays a generofity of charadler very uncommon 
among favages, will afford pleafure to the minds of 
many of our readers. Almami Abdulkader, fovereiVn 
of a Mahomedan kingdom called Foota Torra, lent "to 
Darnel, a king of the Jalofls, 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 fome Bufii- 
reens (i.e. Mahomedan negroes) wdio accompanied him, 
to prefent the emblems of his miflion. Two knives 
were accordingly laid before the Jaloff prince, and the 
ambafiador explained himfelf as follow's : 

“ With this knife (faid he) Abdulkader will conde- 
feend to fhave the head of Darnel, if Darnel will 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 ; 
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he neither chofe to have his head fhaved, nor his throat 
cut. And with this anfwer the ambaflador was civilly 

v difiniflTed. 
Abdulkader took his meafure's accordingly ; and with 

a powerful army invaded Daniel’s country. The inha- 
bitants of the towns and villages filled up their well's, 
deftroyed their provifions, carried off their effetts, 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 oppofition ; hut 
his army had fullered fo much from the fcarcity of wa- 
ter, that feveral of his men died by the way. This in- 
duced him to diredd his march towards a watering place 
in the woods, where his men, having quenched their 
thirft, and being overcome with fatigue, laydown care- 
lefsly to fleep among the hufhes. In this fituation they 
were attacked by Darnel before day-break, and com- 
pletely routed. Many of them were trampled to death 
ns they lay afleep by the JalofFs horfes ; others were 
killed in attempting to make their efcape ; and a Hill 
greater number were taken prifoners. 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 hi/lo- the finging men* hut in terms of the higheft appreba- 
ri.ins of the tjon . ant} jt wagj i'nc]eec}> f0 extraordinary in an Afri- 

can prince, that the reader may lind it difficult to give 
credit to the recital. When his royal prifoner was 
brought before him in irons, and throwm upon the 
ground, the magnanimous Daniel, inllead of fetting his 
loot upon his neck, and ftabbing him with his fpear, 
according to the cullom in fuch cafes, addrefied him as 
follows : “ Abdulkader, anfwebme this quell ion. If 
the chance of war had placed me in your fituation, and 
you in mine, how would you have treated me ?” “ I 
would have thru Ilf my fpear into your heart (returned 
Abdulkader with great ifirmnefs) ; and I know that a 
limilar fate awaits meiT M,Not fo (laid Darnel) ; my 
ipear is ihddedi red vidth the blood of your fubjedts kill- 
ed»in battle, and S could now give it a deeper Hain, by 
dipping it in yourfown j but tins would not build up 
my towns, ’nor bring to life the theufands who fell in 
the woods. I wiil not therefore kill you in cold blood, 
blit I will retain you as my Have, until 1 perceive that 
your prefence in yoUr owm kingdom will be no longer 
dangerous to your neighbours ; and then I wdll confi- 
der of the proper way of difpoling of you.” Abdul- 
kader was accordingly retained, and worked as a Have 
lor three months ; at the end of which period, Darnel 
liflened to the folicitatioiis of the inhabitants of Foota 
Tona, and reftored to them their king. Strange as 
this Hory may appear, Mr Park has 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 w'ere 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 ss this refledis ho- 
nour on human nature. 

JAR.RA, is a town of confiderable extent in the 
Moarilh kingdom of Ludamar in Africa. The houfes 
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are built of clay and Hone intermixed, a kind of wall' This, 
very common in many parts of Scotland, where clay is ke-houf* 
made to fupply the place of mortar. The greater part r v r 

of the inhabitants of Jarra are Negroes from the bor- 
ders of the font hern Hates, who prefer, fays Mr Park, 
a precarious proteftion under the Moors, which they 
purchafe by a tribute, to the being continually expofed 
to their predatory hoflilities. The tribute which they 
pay is confiderable ; and they manifeft the moft Unli- 
mited obedience and fubmiffion to their Moorifh fiipe- 
riors : by whom they are, in return, treated with the 
utmdft indignity and contempt. The Moors in this, 
and the other Hates adjoining the country of the Ne- 
groes, refembk in their perfons the Mulattoes of the 
WeH Indies, and feem to be a mixed race between the 
Moors, properly fo called, of the north, and the Ne- 
groes of the fout’h-; pofieffing many of the worH qua- 
lities of both nations. Jarra is fituated in 150 5' N. 
Lat. and 6° 48' E. Long. 

IBIS. Under the generic name Tantalus (En- 
cycl.J, 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 he confidered as belonging to the fame fpecies j 
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 brightell 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 Hripes of a fine violet co- 
lour, agreeably ffiaded, is bordered by a white band of 
feathers, the thick and filky beards of which, feparated 
from each other, have a perfedl refemblance to a rich 
fringe. The quills of the wings and tail are of a green- 
iffi black, which, as it receives the light in a more 
or lefs oblique direttion, affumes the appearance of 
violet or purple. The reff 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 article, Encyclopeed'm. Pro- 
feffor Beckmann, in the third volume of his Hiflory of 
Inventions, lias proved clearly that the ancients wete 
well acquainted with what ferved the purpofe of ice- 
houfes. 

“ The art (fays he) of preferving fnow for cooling 
liquors during the fummerj in warm countries,’ was 
known in the earlieft ages. This practice is mention- 
ed by Solomon *, and proofs of it are fo numeroCtS in * prcverbs 
the works of the Greeks and the Romans, that it fsxxv. 15. 
unneceffary for me to quote them, efpecially as they 
have beert: colle&ed by others. How the repofitoribs 
for keeping it were conffru&ed, we are not exprefsly 
told ; but it is probable that the fnow was preferred in 
pits or trenches. r ■ 

“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. Plutarch fays, 
that a covering of chaff and coarfe cloth is fufficient; 
and at pvefent a like method is purfued in Portugal. 
Where the fnow has been • collected in'-a deep gulph, 
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fome grafs or green fods, covered witli dung from the 
Iheep pens, is thrown over it; and under thefe it is fo 
well-preferved, that the whole funruner through it is 
lent the diftance of 60 Spaniih miles to Lifhon. 

“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 foffered it to cool there as long as they 
thought proper. That ice was alfo preferred for the 
like purpofe, is probable from the teftimony of various 
authors ; but it appears not to have been uied fo much 
in warm countries as in the northern. Even at prefent 
fnow is employed in Italy, Spain, and Portugal ; but in 
Perfia ice. 1 have never any where found an account 
of Grecian or Roman ice-houfes. By the writers on 
agriculture they are not mentioned.” 

ICHNOGRAPPIY, in architecture, is a tranfverfe 
or horizontal feClion of a building, exhibiting the plot 
of the whole edifice, and of the feveral rooms and apart- 
ments in any ftory ; 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 fed ion. 

JEBB (John), was born in Southampton-ffreet, Co- 
vent Garden, London, on the 16th of February 1736. 
He was the eldeft fon of the Rev. John Jebb, dean of 
Cafliel, 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 
Lkewife a penfioner. In January 1757 he proceeded to the 
degree of B. A. and his place in the diftribution of acade- 
mical honours was, on that occafion, fecond wrangler, the 
late eminent mathematician Dr Waring being the firft. 
In J758 hp obtained the fecond prize of fifteen gui- 
neas, annually given by the univerfity to the authors 
of the heft compofitions in Latin profe, being fenior 
or middle bachelors of arts. Dr Roberts, afterwards 
provoft of Eton college, obtained the firft. 

In the month of June 1760, Mr Jebb was ad- 
mitted probationer fellow of St Peter’s college, and 
proceeded to the degree of Matter of Arts at the com- 
mencement in the fame year ; and on the firft of July 
1761, was confirmed fellow by Dr Mawlon, bilhop 
of Ely. 

On the 6th of June 1762, 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- 
Ihire, upon the recommendation of Dr Law, mailer of 
Peterhoufe. On the 17th-of the following Odlober, 
he was eledled by the univerfity into the rebtory 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 Cambridgeihire. 
Upon calling up the votes, there appeared to be for 
Mr Jebb 91, for Mr Turner 73 ; and accordingly he 
was inftituted into the fame the i5th of December fol- 
lowing. 

On the 29th of the fame month, (December 1764) 
Mr Jebb married Anne, eldeft daughter of the Rev. 
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James lorkington, reftor of Little Stukeley, in Hun- 
tingdonftiire, and of lady Dorothy Shercird, daughter 
of Philip, fecond earl of Harborough. 

Early in the year 1765, Mr Jebb, together with 
the Rev. Robert Thorpe, fellow of Peterhoufe, and 
the Rev. George Woolftou, fellow of Sidney college, 
publiihed, in a fmall quarto, a comment on thofe parts of 
Sir llaac Newton’s Principia which more immediately 
relate to the fyftem of the world. The title of the joint 
work of theft able and judicious philofophers was, 
“ Excerpta qusedam e Newtoni principiis philofophiae 
naturalis, cum notis variorum.” A work, of which 
the univerfity of Cambridge continues to bear teftimo- 
ny to the excellence, by the general uft of it in the 
courft of academical education. 

Mr Chappelow proftflor 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 
Halhfax, afterwards bifticp of Gloucefter ; a man of de- 
ftrved celebrity, of whom we regret that it was not in 
our power to give a biographical fketch. 

On July 10. 1769, Mr Jebb was inftituted to the vica- 
rage oi blixton, near Bungay, in Suffolk, on the p re flo- 
tation of William Adair, Efq. of Flixton-hall ; and on 
the 4th of April 1770, was inftituted to the united 
1e6l01i.es of Ixomersfield and St Crofs, parifhes conti- 
guousto Flixtan, upon, the fame prefer) tat ion : being 
alio, in the fuminer of the lame year, nominated chap- 
lain to Robert earl of Harborough, In conftquence 
of the acceflion of theft preferments, though not con- 
fiderable in themftlves, he refigned, fome time in the 
month of Odober 1771., the redlory of■ Ovington, 
vyhich he had received from the univerfity ; and Mr 
Sheepfhanks, fellow of St John’s college, was eledled in 
his place. 

Dr Hallifax fucceeding to the prefdjorftiip of civil 
law, in the month of Odtober 1770, upon the death of 
Dr Ridiington, Mr Jebb once more folicited that of A- 
rabic, which Dr Hallifax then vacated: but he had by this 
time displayed fuch an innovating fpirit in religion, that 
the univerfity gave the vacant proftfforfhip to Mr Cra- 
verb a man refpedled even by Mr Jebb and his friends. 

Early in the year 1771, a delrgn was formed of ap- 
plying to parliament for relief in the matter of fub- 
feription to the liturgy, and thirty-nine articles of the 
Church of England ; and in the proftcution of this de- 
lign Mr Jebb took a very adlive part: He attended 
different meetings of the difeontented clergy, held at the 
Feathers tavern, London, afftfted 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 bimftlf at the fame time in making various at- 
tempts to bring about what he called a reformation of 
the univerfity of Cambridge : but finding them fruit- 
lefs, he retired, on the 25th of June 1/772, to Bungay, 
where he liudied French and Italian, and proceeded in 
a plan ot fome political or conjiittttioruxi leSures. 

He had by this time cealed to read the prayers of 
the church, though he Hill continued to preach occa- 
fionally ; and the Archdeacon of Suffolk, holding, this 
year, his ufual viiitation ot feme neighbouring parilhes 
in the church of Flixton, Mr Jebb preached fuch a 
ftrmon agamft fubftription, as drew upon himftlf a 
public rebuke from the Archdeacon, in the preftnee of 
the clergy, “ Much altercation, (fays he) enfued-; 
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And for fome days I expcdiend a fumroona to Norwich ; 
but have heard no more of it. / ailed thusy <witb a 
view to call the attention of the Norwich clergy to our 
caufe ; and have in part fuceeeded ” 

He a died much more honourably than this, when, 
in 1775; he refigmed all his preferments in the church ; 
which furely he ought not to have retained one day 
after his confcfence would not permit him to read the 
prayers of the liturgy. He now refolved to become a 
phyfician ; and after attending St Bartholomew’s hof- 
pital in London for fix months, as the pupil of l)r 
William Pitcairn, he received, on the I 8th of March 
1777, a diploma of Dodlor of Phyfic from the univer- 
fity of St Andrews ! ! He did not, however, com- 
mence pradlice till the 5th of February 1778 ; and even 
then he continued to attend the ledlures of Dr Hun- 
ter, Mr John Hunter, and Dr Higgins. On the 18th 
of February 1779 he was tie died 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 courfe a keen advocate 
for what he called, and, we doubt not, thought, the 
civil liberties of mankind. He now fignalized him- 
felf by “ An addrefs to the Freeholders of Middlefex,” 
affembled at Free mafon’s tavern in Great Queen-ftreet, 
on Monday, December the 20th 1779, for the purpofe 
of eftablifiling meetings to maintain and fupport the 
freedom of eledfion. Upon this occafion, he commu- 
nicated to James Townfend, Efq. chairman of that 
meeting, the above addrefs, under the lignature of 
“ Salus Publicaprefuming, 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 frelh 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 reprefentatives 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 
moft aftive members of “ the fociety for conftitutional 
information of which the objedl, according to their 
own account, was to dilfufe throghout the kingdom, 
as univerfally as pofiible, a knowledge of the great prin- 
ciples of conftitutiona) freedom, particularly fuch as re- 
fpeft the election and duration of the representative body. 
“ With this view (fay they), conftitutional trafts, intend- 
ed for the extenlion 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. Effhys, 
ajid extradfs from various authors, calculated to pro- 
mote the fame defign, are alfo publilhed under the di- 
reefion of the fociety, in feveral of the newfpapers 
and it is the wilh of the 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 conftitu- 
tion, and to ir^aintain and aftert thofe common rights, 

j E B 
whicli arc effential to the dignity and to the Impplncfs 
of human nature.” Could Dr Jebb have forefeen all 
tne mifehiefs which have flowed from this inftitution ; 
could he have forefeen the wonderful fpawn o! tac- 
tions focieties which have fprung from it as from a 
parent (lock, our veneration for genius and learning 
will not permit us to believe, that he would have ne- 
gledted the ftudies of bis- profeffion for the fake of ta- 
king the lead in party politics. 

Dr Petit, one of the phyficians of St Bartholo- 
mew’s hofpital, dying the 26th of May, Dr Jebb offer- 
ed himfclf a candidate to fucceed to that appointment. 
The. election came on the 23d of June; when Di Budd, 
his antagonift, fucceeded by a great majority. 

The oppofition which was made to his election at 
St Bartholomew’s, followed him in the winter, when 
he offered himfelf at St Thomas’s hofpital in the bo- 
rough. Indeed he relinquiftied his prttenftons there 
fooner than in the former place ; but for no other rea- 
fon than becaufe he found that all his political prin- 
ciples were likely to be again objected 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 ftill held 
at Effex-houfe. The Iketch of their plan was chiefly 
written by Dr Jebb ; and their obje6t was to propa- 
gate the doctrines of Unitarianifm, for which he was as 
great a zealot as for civil liberty. 

His health now began to decline; but during his 
confinement, he ftudied 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 libeity. The vigour of his mind was ftill 
equal to the furnrftiing hitnfelf with this frefli ftore of 
knowledge ; he forefaw the advantage of fuch an ac- 
quiiition in the inveftigation 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 effential 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 Angular 
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 ftate, his mind was a£livev 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 fufficient reafon for con- 
cluding that this little trail had effeil on the delibera- 
tions of the juftices at Ipfwich and Bury, then en- 
gaged in ereiling a new gaol for the divifion of Ipf- 
wich, and a new houfe of correftion for that of Bury. 

The good effeils of this very excellent trail, it 
was apprehended, would be extended by a more general 
publication. In this hope Dr Jebb revifed and cor- 
reiled it with his dying hand : and his furvivirig friend 
publilhed it foon after his death, adding thereto “ an 
abftrail of felonies created by ilatute and other articles 
relative to the penal law. 

He continued to linger till May the 2d 1786, when, 
about 8 o’clock in the evening, he breathed his hft, 

leaving 
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Jefferfo na leaving behind him, among men of dilTeeent perfuaiions, 
. jerbua . very different charafters. By the diffenters he is. fel- 

dom mentioned but as the Great Jfebb i by churchmen, 
his abilities are univerfally allowed, whild regret is ex- 
prelied that they were fo often employed in fupport of 
faction and herefy. His moral charadler has never 
been afperfed. 

JiiFFERSONI A, a new plant lately difcovered in 
Georgia by Dr Bnckel of Savannah, and fo named by 
him in compliment to the vice prelident of the United 
States. In the Monthly Magazine for July 179S we 
have the following defcription of it ; 

Jeffersonia pentendria monogynia. 
Calyx, below, compofed of live fhort oval imbricated 

leaves; corolla, monophyllous, funnel-ihaped on the. re- 
ceptacle, fub-pentangular, bearing the filaments near the 
bafe, its margin hypocrateriform, divided into five round 
ducts nearly equal; Jlyle, pitiform, fiiorter than the pe- 
tal, but longer than the itamens ; Jllgma, quadripid ; iin- 
thers, erect, linear, iagittated ; fruit, two univalved, ca- 
rinated, pplyfpermqus capfules, united at the bafe, open- 
ing on their tops and contiguous lides, having flat feeds, 
with a marginal wing. 

Only one fpecies is as yet difcovered, JeJferfonla fern- 
per-vireus.' It is a flirub with round polilhed twining 
Items, wmch climb up on bnlhes and fmall trees ; the 
petioles ihort, oppofite ; leaves oblong, narrow, entire, 
eveigieen, acute ; flowers axdlary, yellow, having a fweet 
odour.. The woods are full of this delightful flirub, 
wh.eh is covered with bloffoms for many months in the 
year. 

JERBOA, fee Mas, Etuycl, where defcrfptions 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 Ictradatlylis, plantis 
pen tad a tty Its, cauda an nu lata undique fetosd, corpore Icn- 
giore.' The truth, however, feems to be, that it is only 
a variety, it indeed a variety, of the Siberian jerboa. 
Tne beautiful figure indeed given by General Davies 
of the Canadian jerboa differs in feme refpe&s from our 
figure of the Sibericus. Its ears lie flat and farther 
down the neck ; its belly is not fo large ; its toes are 
longer ; and it has no brufli 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 rafts of the Ge- 
neral’s letter to the Linnean Society : 

** i fie firff I was fo fortunate to catch was taken in 
a large field near the falls of Montmorenci, and by its 
having ftrayed too far from the fleirts of the wood, 
allowed myfelf, with the affiffance 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, 
and fometimes of five .yards, although feldom above 12 
or 14 inenes from the furface of the grafs ; but I have 
frequently obferved others in fhrubby places and in the 
woods, amongft plants, where they chiefly rellde, leap 
eonflderably higher. When found in fuch places, it is 
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impoffible to take them, from their wonderful agility, 
and their evading all purfuit by bounding into the tnjek- 
eft coyer they can find.” 

hat the Canadian, as well as the Siberian Jerboa, 
fleeps through the winter, feems evident from a fpecimen 
having been found, towards the end of May, incloled 
in a hall of clay, about the fize of a cricket ball, nearly 
an inch in thicknefs, perfectly 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 impofli. 
ble to lay ; but as I never corid obferve thefe animals 
in any parts of the country after the beginning of Sep- 
tember, I conceive they lay themfclves up fome time in 
that month, or beginning- of Oftober, when the froft be- 
comes fliarp ; nor did I ever iee them again before the 
Lift .week in May, or beginning of June. From their 
being enveloped in balls of clay, without any appearance 
ol foo 1, I conceive they fleep during the winter, and 
remain for that term without fuftenance. As foon as 
I conveyed this fpecimen to my boufe, I depolited it, as 
it was, in a fmall chip box, in.fome cotton, waiting with 
great anxiety tor its waking; but that not taking place at 
the feafon they generally appear, I kept it until I found 
it begin to fmtll: I then Huffed it, and preferved it in 
ns toipid ppfition. I am led to believe, its not recover- 
ing ftom 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 tue ftove, and which, in all probabi- 
lity, was too great for refpiration. I am led to this 
conception from my experience of the fnpw 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- 
nounflied with fnow, and kept in a cold room or pa flag e, 
will live to the middle of fummer.” 

JR I I E, the bolder made round the ftilts under a 
pier, in certain old bridges, being the fame with flarling ; 
confifting of a ftrong framing of t imber filled with ftones’ 
chalk, &c. to preferve the foundations of the piers from 
injuty. 

JILLIFREE is a town on the northern bank of 
the iivei Gambia, oppofite to James’s ifland, where the 
Englifti had formerly a fmall fort. The kingdom of 
Baira, in which it is lituated, produces great plenty of 
the neceflaries 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 confhntly employed in 
this trade, make the king of Barra (fays Mr Park) 
more formidable to Europeans than any other chieftain 
on the river, and have encouraged him to eftablifh thofe 
exorbitant duties, which traders of all nations are ob- 
liged to pay at entry, amounting nearly to L. 20 on 
every vefl’el, great and fmall. Thefe duties, or cuftoms 
are generally collefted 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- 
quent intercourfe with the Englifli, have acquired a 
fmattering of our language, and beg for every thing 
which they fancy with fuch earneftnefs, that traders, in 
order to get quit of them, are frequently obliged to 
grant theii icquefts. Eat. 13° 16'. Eong. 160 10* 
weft from Greenwich.. 

Jerboa, 
jillifree. 

ILLUMINATI 
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Wuniinai. ILLUMINATI is the name which was aflumed by 

' ^ a fecret focuty or order, founded, on the firft of May 
0'7j<-d > f 1776, by Dr Adam Weiihaupt profeilor of canon law 
ti c ilumi- in the univerfity of Ingolftadt. The real objedl of this 
nuti. order was, by clandeftine arts, to overturn every govern- 

ment and every religion ; to bring the faiences ot civil 
life into contempt ; and to reduce mankind to that ima- 
ginary Hate of Nature when they lived independent of 
each other on the fpontaneous productions of the earth. 
Its avowed obje£t, however, was very different. It pro- 
fefied to diffufe from feefet focieties, as from fo many 
centres, the light of fcience over the world ; to propa- 
gate the pureTt principles of virtue ; and to re-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 impreifion on the in- 
genuous minds of youth ; and to young men alone 
Weiihaupt at firft addreffed himfelf. 

It will naturally occur to the reader, that the rrieans 
of attaining this glorious objeft fhoilld have been made 
as public as pofitble ; and that the veil of fiecvecy thrown 
over the proceedings of the order was calculated to ex- 
cite fufpicion, and to keep even young men of virtue and 
fagacity at a diftance. In any other country than Ger- 
many fecrecy might perhaps have had this effeCl ; but 
various circumftances corlfpired there to make it operate 
with a powerful attraCfiotn 

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 mailer, 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 harrrilefs ; or if they were produftive of any 
evil, it was only by giving the youth of the univerfities 
a tafte for fecvecy and mifticifm. Of this Weiihaupt 
availed himfelf ; and as foon as he had conceived the out- 
lines of his plan, and digetted part of his fyftem, he ini- 
tiated two of his own pupils, to whom he gave the names 
of Ajax and Tiberius, alfuming that of Spartacus 
to himfelf. Thefe two difciples foon vying with their 
mafter in impiety (for it will be feen by and bye that he 
was moft impious), he judged them worthy of being ad- 

‘ mitted to his myfteries, and conferred on them the high- 
ell degree which he had as yet invented. He called 
them Jlreopagiies, denominated this monftrous affociation, 
THE ORDER OF ILLUMINATI, Or ILL U M IN E ES, and in- 
flalled 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 finilhed their lludies. 
Many even thought that Weiihaupt, who was at that 
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time a fworn enemy to the Jefuits, had founded this IlluminatL' 
lodge with no other view than to form a party for him- 
felf agaiuft thefe fathers, who after the fuppreffion of 
their order had been continned in their offices of public 
teachers at the univerfity of Ingolftadt ; and this opi- 
nion the illuminees were at pains to propagate. His 
character, too, was at this time fuch as to remove every 
fufpieion from the public mind. A feeming alfiduity 
in his duty, and a great ihew of zeal and erudition in 
expounding the laws, eafily milled people to believe 
that his whole time and talents were engrolfed with the 
lludy of them ; and if we are to credit his own account, 
IngoUladt had never witnelfed a profeffor fo well calcu- 
lated to add new luftre to its univerfity. 2 

This feems, indeed, to have been the general opinion Art of 
as well as his own ; for, fome time after the foundation toun^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 Barruel’s tranllator calls superior 
of the univerfity. This new dignity only added to his 
hypocrify, and furniihed him with freffi 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 lelfons which he was ob- 
liged to give in public, be fent home his pupils well 
ditpofed to continue the fame career of feduftion which 
he himfelf carried on at Ingollladt, Atrocioully im- 
pious, we fee him (fays M. Barruel), in the firft 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 Chrill fend his 
apoftles to preach his gofpel to the univerfe ? You that 
are my Peter, why ffiould you remain idle at home ? Go 
then and preach.” 

Thefe preachers had yet received no particular defig- 
nation ; for when his firll adepts were initiated, he was 
far from having completed the code of his order. He 
knew that years and experience were necelfary to per- 
fect 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 projefts ; and he 
flattered hitnfelf with the hopes of fupplying th£ defi- 
ciencies of his incomplete code by provifional regula- 
tions and private inftru£lions, and of acquiring aflbeiates 
who would receive his new gofpel implicitly, and co- 
operate with him in all his views. ^ 

At length, however, the code was completed, andTheleft 
the feft divided into two grand clafles ; and each of 
again fubdivided into lefler degrees, proportionate to thet0 c a 

progrefs of the adepts. 
The 

(a) Such, we are forry to fay, is the cafe Hill. In a letter, dated the 10th of May 1799, which we 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 Undents, who are almofl. 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 club is taken up by all. The confequence 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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“ The/r/? clafg Is that of Preparation. It con- 

' t;'!nfS four degrees, vk. thofe of Novice, of Minerval, of 
Minor Illuminee, or Illummatus Minor, and of Major 
Muminee, or llluminatus Major. To this clafs belong 
jikewife fume intermediary degrees, borrowed from free- 
mafonry, as means of propagation. Of the mafonic 
degrees, the code of the ilium inati admits the firft three 
without any alteration ; but it adapts more particularly 
to the views of the fed the degree of Scotch Knight, and 
llyles it the degree oi Jj ire cling Illuminee, or llluminatus 
dirigens 
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Tile perfons to lie excluded were all fucii as wr.nM Illumioait 

expofe the order to fufpicion or reproach. All indif- w—v— 
creet talkers, all who were proved violent, and difficult to 
be managed, all addicted to drunkennefs, and all Pagans, 
Jews, and Jefuits, were to be rejefted. As the patron- 
age of princes would tend much to enrich and flrengtben ' 
the foeiety, it was agreed to admit them to the inferior 
degrees, but. they were never to be initialed into the 
grand myfteries ; they were never to rile beyond the 
degree of Scotch knight. J 

In the gr/a/er myfteries zxo comprehended the two terous and dafliing youths We muft have ad nt, t 

Six -- 
66 r i /t* 1 • . tnt, GociiCj and Tociablc Jn another dIppp Iip In all thele claiTes, and in every decree ({av* thp << 4-k* i^ys, 

AMciwi), thmoffice it 

6 
The re- 
cruiter, 

To pry in 
to the cha. 
rasters of 
•dl men. 

quence, and which is common to all the brethren. It 
is that which is occupied by him who is known in the 
code by the appellation of Recruiter, or Brother Inji- 
nuator. This (continues our author) is not a term of 
my invention : it is really to be found in the code, and 
is the denomination of that iliurninee, whofe employ- 
ment is to entice members into the fed:t.,, 

As the whole ftrength of the order depended upon 
the vigilant and fuccefsful exercife of this office, feme 
brethren were carefully intlrufted for it, who might af- 
terwards vifit the different towns, provinces, and king- 
doms, in order to propagate the doctrines of illuminifm. 
Weiffiaupt propofed to feleft as his apoftles either weak 
men, who would implicitly obey his orders, or men of 
abilities, who would improve the office by artifices of 
their own. It was, however, a duty which every brother 
was obliged to exercife once or twice in his life, under 
the penalty of being for ever condemned to the lower 
degrees. 

Po ftimulate the ardour of the brother infinuator, he 
was appointed fuperior over every novice whom he 
fhotild convert. .To affift his judgment, he was initrudt- 
ed in three important points concerning the defeription 
of men whom he ought to felea for converfion, the 
mtans which he ought to employ for enticing them to 
tnter the order, and the arts which he ought to Uudy to 
form their charaaer. 

To enable the recruiter to determine whom he ought 
■ to felea for converfion, he was to infinuate himfelf into 

all companies ; he was to pry into the charaaer of all 
whom he fhould meet with, whether friends, relations, 
ft rangers, or enemies ; he was to write down all his re- 
marks regularly every day ; to point out their ftrong 
and weak tides, their paffions and prejudices, their in- 
timacies, their interetts, 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 hoilile to their views, and who were the in- 
dividuals to whom they ought to direa their arts of fe- 
dudtion (b). 

Suppl. Vol. I. Part II. 

are generally of engaging mariners and nice feelings. 
V\ hen properly formed, they are the heft adapted for ne- 
gociations ; for firft appearances prepoffefs in their fa- 
vour. k is true, they have not the depth that men of 
more gloomy countenances often have. They are not 
the perfons to be entrufted with a revolt, or the care of fir- 
ring up the people; but it is for that very reafon we muft 
know how to choofe our agents. I am particularly fond 
or tnole men whofe very foul is painted in their eyes, 
whofe foreheads are high, and whofe countenances are 
open. Above all, examine well the eyes, for they are 
the very mirrors of th£ heart and foul. Obferve the 
00k, the gait, the voice. Every external appearance 

leads us to diftinguiffi thofe who are fit for our fchool.” 
Though young men were preferred, yet perfons of 

all ages were to be admitted if their charaaer accorded 
with the principles of the order. The infinuator was 
defired to leek out thofe who were diftinguiffied by their 
power, riches, or learning “ Spare no pains (laysTo fe 

Wedhaup ) fpare nothing in the acquifition of inch Iced by 
adepts, if heaven refufe its fuccour, conjure hell. whatever 

FleSereft nequeas fvperos, Acheronta movetaN 

Perfons were to be finglcd out from thofe profeffions 
which give men influence over others, or put them in 
the moll favourable fituation for diffeminating any pe- 
culiar opinions. With this view, fchoolmafters, and fu- 
penntendants of eccleliaftic femmaries, were to be foueht 
after with much care. Bookfellers, poft-mafters, and 
the iecretanes of poll-offices, were alfo to be felefted. 
I nofe profeffions which accuftomed men to fpeak and 
argue,, as that of counfellors and attorneys, and even 
phyficians, were alfo to be courted. “ They are worth 
having (fays Weilhaupt), 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.” 
Every exertion was to be made to gain the officers of a 
prince, whether preiiding over provinces or attending- 
him in his councils. “ He that has done this, has done 
more than if he had engaged the prince himfelf.” 

5 E ’ There 

mtaiis; 

(b) As a fpecimen of the journals kept by the infinuators, and of the charadlers which the illumiuees feEded 

for 
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Illuminati. There was alfo another defcription of men of whom 
Vj" V Weifhaupt very wifely judged that they would be ad- 

mirably fitted for the diffuflion of his do&rines. Thefe 
were the difappointed and diffatisfied. “ beledf thofe 
in particular (fays he) who have met with misfortune?, 
not from accidents, but from feme injuftice ; that is to 
fay, in other words, the difeontented ; for fuch men are 
to be called into the bofom of illuminifm as into their 

jo proper afylum. 
And their When the infinuator has made choice of his vidim, 
characters ;3 reqUJred to draw from his diary a view of his cha- 

t^theh?^- ra<^er» opinions, principles, and connedions. This he 
riors.6 ' 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 infinuators. 
When the choice of this infinuator is approved, the fu- 
periors determine which of the infinuators will be belt 
qualified to perform tbe talk 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 fcience ; 
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 

kdkeOW* afi’ume ^ charader of a philofopher well acquainted C Se> with the myfteries of ancient times. He was to defcant 
upon the importance of the fecret dodrines tranfmitted 
by tradition, to quote the gymnofophifts of India, the 
priefts of Ifis in Egypt, and thofe of Eleulis, 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 queftions 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 4;hefe things would render life more 
agreeable and pain more fupportable, and would enlarge 
their ideas of the majefiy of God: he w'as then to declare 
that he had been initiated into thefe myfteries. If the 
candidate exprelfed any curiofity to be made acquainted 

with them, the infinuator was firft to afeertain his opi- niuminati, 
nions upon fbme leading points, by propofmg to him to 
write a dilTertation upon certain quetlions. Should the 
anfwers not pleafe the infinuator, he was to relinquifh 
his prey ; but fhould they be fatisfadory, the candidate 
was to be admitted to the firft 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 firft care (fays the legifiator to 
his infinuators) be to gain the affedion, the confidence, 
and the efteem of thoie whom you are to entice into the 
order. Let your whole condud be fuch, that they fhall 
furmife fomething more in you than you wiffi 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 fimilar fociety. Certain 
arguments and certain books, which the infnniator muft 
have, will greatly contribute to raife fuch a wiffi ; fuch, 
for example, are thofe which treat of the union and 
ftrength of afibciations.” 

Every infinuator muft be provided with books of this 
fort. But that their fuccefs might not depend folely 
upon books, Weifhaupt gave to his difciples 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 helplefs; and that 
it is by the affiflance of others that it acquires ftrength } 
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 defebls of 
civil fociety ; to mention how little relief a man can ob- 
tain even from his beft friends; and how very neceffary 
it is for individuals tofupport 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 awake in the breaft 
of his pupil the defire of reigning in fecret ; of prepa- 

ring 

for propagating their principles, we fhall give the charadter of Zwack, denominated Cato, as it is defcnbed in the 
tablet of his infinuator Ajax (Maffenhaufen). 

“ Francis Xaverius Zwack was fon of Philip Zwack, commiffary of the Chambre de Comptes, and vvas born at 
Ratifbon ; at the time of his initiation (29th May 1776) he was twenty years of age, and had iinifhed his col- 
lege education. , . , 

“ He was then about five feet high ; his perfon emaciated with debauchery ; his conftitution bordering on me- 
lancholy ; his eyes of a dirty grey, weak and languifhing ; his complexion pale and fallow ; his health weak, and 
much hurt by frequent diforders; his nofe long, crooked and hooked ; his hair light brown ; gait precipitate; 
his eyes always caft 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 pother- 
wife a true friend, circumfpeft, referved, extremely fecret; often fpeaking advantageoufly of himfelf; envious of 
other people’s perfections; voluptuous; endeavouring to improve himfelf; little calculated for numerous affem- 
blies ; choleric and violent, but eafilv appeafed ; willingly giving his private opinions when one has the precaution 
to praife him, though contradiaing him ; a lover of novelties. On religion and confctence 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 exti aordinary 
propenfity for myfteries ; a perpetual cuftom of fpeaking of himfelf and of his own perfed.ions ; he is alfo a per- 
iea mafter in the arts of diffimulation ; a proper perfon to be received into the order, as applying himfelf parti- 
cularly to the ftudy of the human heart.” Such is the charader of the beloved difciple of Weiffiaupt, the in- 
comparable Cato, and a leader of the fed of the illuminees! 
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13 of governing thofe who think they govern others. 
Into the After thefe, or other artifices of the lame kind, have 
noviciate, been employed, if the candidate be infpired with an ar- 

dour to be initiated, and give fatisfadfory anfwers to the 
quell ions propoled to him, he is immediately admitted 
a novice. But fiiould he rejedl all means of fedudtion, 
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 ceaie the purfuit of its vidims until it has 
feen them immolated.” 

1 he period of the noviciate varied according to the 
age of the new convert to iliuminifm. At firit it con- 
tinued three years for thofe under 18 years of ag-e, 
two yeais for tliofe between 18 and 24, and one year 
for thofe who were near 30 ; but it was afterwards 
fhortened, 

The novice was not acquainted with any of the or- 
der except his infinuator, under whofe diredion he 
remained during his noviciate. The firit leflbns which 
he was taught refpeded the inviolable nature of the fe- 
ci ecy which every illuminee was obliged to obferve. 
He was told that filence and fecrecy were the very foul 
of the order ; that ingelmoulnefs was a virtue only with 
refped to his fuperiors ; and that dillrull and referve 
weie fundamental principles. He was enjoined never 
to {peak of any circumftance relating to the order, con- 
cerning his own admillion, or the degree which he had 
received, not even before brethren, without the llrong- 
eft necefiity ; and was required to lign a declaration to 

. ^ this purpofe. 
Di6hu»ary, lie novice was next taught the didionary of the or- 
gcography, der, its geography, calendar, and cypher. To prevent 

and cypher t^e H^bility of difcovery, every illuminee received a 
. name, which was charaderillic of his dilpolitions, 

or of the fervices which were expeded of him. Thus 
\\ eilhaupt, as we have obferved, was called Spartacus, 
becaufe he pretended to wage war againlt thofe oppref- 
fors who had reduced mankind to llavery ; and Zwack, 
as we have feen, was named Cato, becaufe he had writ- 
ten a dilfertation in favour of fuicide, 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 Ingollladt, the fountain of the or- 
der, was called Ephefus, and by the profound adepts 
Eleujis. I he novice had alfo to learn the Perfian ca- 
lendar, which the order had adopted. Their era began 
A. D. 630. The months received new names: May 
was called Adarpahafcht; June, Char dad; July, Ehcr- 
meh; Augull, Merdedmeh; and fo on. The cypher 
confified of numbers which correfponded to the letters 
of the alphabet, in this order a, b, c, d, anfwering to the 
'numbers 12, j r, 10, 9. 

.The novice had next to ftudy the Jlatutes of the illu- 
minees, which he was aflured contained nothing injurious 
to the flate, 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 perufing Epidletus, Seneca, and Antoni- 
nus, and by fludying the works of the modern fo- 
phifls Weiland, Meiners, and Heivetius, &c. The flu- 
ey of man was alfo recommended as the molt intereft- 
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mg of all the fofence§. He was taught this fludy not Illuminati. 
merely as a fcience, but as an art. A model of a jour-'   * 
nal was given him, and he was required to infert in it 
obiei vations upon the charailer of every perfon that he 
happened to meet with. To quicken his diligence, the 
infinuator occasionally examined his journal. In the 
mean time, the infinuator was watching him as a centi- 
nej, and noting down regularly obfervations upon the 
defects and merits of his pupil, which he alwavs fent to 
his fupenors. ^ 

The great objedl of the infinuator was to entangle the N°vice o- 
novice, and to bind him indiffolubly to the order. Withbli£ed t0 

this view he required the novice to draw a faithful pic-owiTcfi 
jure of himfelf, under the pretence that he would thusrader^ 
know himielf better. He defired him to write down his 
name, his age, his country, his refidence, and his em- 
ployment ; to give a lift 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 
iimilar account of his father and mother, his brothers 
and fillers, and to be very careful in pointing out their 
paflions and prejudices, their itrong and weak Tides. 

In. the mean time, the infinuator was occupied in 
drawing up a new flatement of every thing he had been 
able to difeover of the charadter and condua of the no- 

This .flatement was tranfmitted to the fuperiors, vice. 

of the or 
der. 

compared with the former. If the novice was approved,’ 
he was then admitted to the fecond degree, upon his an- 
fvvenng, in a fatisfaftory manner, 24 grand queflions, 
which might, enable the order to judge of his principles 
and the credit to which he was entitled, and would fix 
him down by ftronger ties to the authority of the fu- 
penors. . The detellable principles of the illuminees 
nowr begin to appear, as will be evident from the fol- 
lowing queflions which we have feleaed : 

Have you fe.rioufiy refleaed on the importance of the 
flep you take, in binding yourfelf by engagements that 
are unknown to you ? Should you ever difeover in the 
order any thing wicked or unjuft to be done, what part I7 
would you take ? Do you, moreover, grant the power Power of 
or life and death to our order or fociety J Are youlifeanci 

difpofed, upon all occafmns, to give the preference to 1'*:^ 
men of our order oyer all other men ? Do you fubjedthe foettp 
yourlelt to a blind obedience, 'without any rejlriaion what- 

foever ? 
. The novice having thus furrendered his confeiencei 

his will, and his life, to the devotion of the confpirators, 
and thus fubfenbed, with his own hand, and confirmed 
by his oath, a refolution to become the moil abjea 
Have, was now deemed qualified to afeend to the fecoud 
degree, called Minerval. 

In the dead hour of midnight he was condu&ed to a 
retired apartment, where two of the order were waiting , 
to receive him. The fuperior, or his delegate, appear-Admiffion 
ed handing in a fevere and threatening poilure; he heldto the de- 
a glimmering lamp in his hand, and a naked fvvord lay Kree of Mi- 
before, him. The novice was afkcd, whether he flill per-nerVal* 
filled in his intention of adhering to the order > Upon 
anfwering in the affirmative, he was ordered into a dark 
room, theie to meditate in filence on his refolution. On 
his return, he was flriftly and repeatedly quellioned 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 folem- 

5 ^ 2 nity, 
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Illuminati, nlty, prot.e{liiig that nothing would be found there hurt- 
fui to religion, to morals, or to the ftate. 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 confeyuences of betraying the fecrets of the order. 
The novice again takes an oath, by which he binds 
himfelf, in the moft unlimited manner, to ferve the or- 
der with his life, honour, and eftate, and to oblerve an 
inviolable obedience and fidelity to all his fuperiors. 
He is then admitted a Minerval, and henceforth is al- 
lowed to attend the academy of the fe£f. 

The Minerval academy was compofed of fo, )2, or 
15 Minervals, and placed under the diredfion 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 antichamber ; the door of which was to be 
fiiut with care during the meeting, and ftrongly fecu- 
red by bolts. At the commencement of every meet- 
ing, the prefident read and commented upon fome ie- 
ledt 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 moraliits. 
Then each brother was afked what books he 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 adding as librarians, or keep- 
ers of archives, were admonifhed to (leal fuch books or 
manuferipts as might be ufeful to the order. At one 
time, fending a lift of the books which he wiihed to be 
embezzled from the library of the Cannes, Weijhaupt 
fays, “ All thefe would be of much greater ufe it they 
were in our hands. What do thoi’e rafeals do with all 
thefe books ? 

Every brother at his admifilon was required to declare 
to what art or fcience he meant chiefly to apply ; and 
it was expedted that he fhould afterwards every year 
give an account of the dilcoveries or improvements 
which he had made. All the other brethren who were 
occupied in the fame ftudies, were defired to give him 
every poffible affiftance. 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 diftributed ; the beft ditcourie 
was publilhed, 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 negledl, fay the ilatutes, fhould any pupil pretend 
that, during the fpace of a whole month, he had re- 
marked nothing reprehenfible. 

It is impolfible to read thefe rules without admiring 
them. Were men but half as anxious, attentive, and 
careful, to render themfelves good citizens and good 

2T men, as thefe men were to render themfelves fuccelsful 
confy*rators> "'hat a bleffed world fhould we fee! 

gree of mi- ^ie Minerval was rigoroufly ferutinized, whether he 
nor illuou was ready to fubmit to every torture, or even to com* 
nes. ' 

nut fuicide, rather than give any information againft the IlluminaA 
order. Suicide was reckoned not only innocent, but ho- 1,1 

nourable, and was alfo reprefented as a peculiar fpecies 
of voluptuoulnefs. In order to difeover the fentiments 
of the Minervals upon this fubjedf, they were required 
to write a differtation upon the charadler and death of 
Cato, or anyr fimilar fubjedf. They were alfo delired 
to difeufs the favourite dodfrine of Weifhaupt, that the 
end fantlifies the means; a principle of the mofl perni- 
cious tendency, which would render calumny, afiaffina- 
tion, fedition, 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 defperate firmneis of a con- 
fpirator, they were then judged worthy of being pro- 
moted to the degree of minor iliuminee. 

The minor illuminees held meetings fimilar to thofe 
of the Minerval academy. It was neceflary 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 myfleries to be 
difclofed. The minor illuminees were to be fo trained, jvij. ^ il- 
that they might look upon themfelves as the founders luminees 
of the order; that by this powerful motive they might Gained for 
be animated to diligence and exertion. With this vievv,1’^ ^eSree 

hints were fcattered rather than precepts enjoined. It01 

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 inlurredtion is ufelefs ; and that peace, con- 
tentment, and fafety, might be eafily obtained by means 
drawn from the greatefl degree of force of which hu- 
man nature is capable. Such views, it is added, adlun- 
ting a fecret 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, Injlruttions for form- 
ing ufeful Labourers in Illuminfm. Thefe inftrudtions 
diicover an aftonifhing know ledge 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 character of almoft any 
perfon may be afeertained. He recommends to the 
minor illuminees, to attend to the condudt of any per- 
fon entrufted to their care, at two periods ; when he is 
tempted to be what he ought not to be, and when, re- 
moved from the influence of every external temptation, 
he follows the didlates of his inclination. They were 
to ftudy 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 corredf 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- 
ftruct and advife, not by tedious declamation, but bjT 
fometimes dropping a few words to the purpofe, when 
the mind fhould be in a proper ftate to receive them'. 
Above all, they were diredled to avail themfelves of 
thofe moments when they obferved a pupil difeontented 
with the world. “ It is then (fays Weifhaupt) you 
muft prefs the fwelling heart, ftimulate the feufibility, 

aud: 
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and demonflrate how neceffary fecret focieties are for 
the attainment of a better order of things.” 

Having paired with applaufe through the ftates of 
probation already defcribed, the minor illuminee is 
promoted to the rank of major illuminee, or Scotch 
novice. As major illuminee, he is encompafled with 
more rigid chains ; and as Scotch novice, he is dif- 
patched as a miffionary 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 object of the fociety ; the motives that 
prompted him to join it ; whether he is difpofed ftill to 

•■co-operate with the reft of the brethren in accomplilh- 
ing the grand objeft ; and whether he be a member of 
any other fociety ; and what are the duties which it re- 
quires. 

The fertile genius of Weifhaupt 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 diffimulation. 
Referve or diffimulation would indeed be vain ; for the 
moft 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 Scrutinizing all his 
aftions and words, his temper, paffions, and opinions. 

Now is prefented to the candidate the code of the 
brother fcrutator, called by the order the nofce te ipjmn 
(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- 
elinations, his habits, his paffions, his prejudices, and 
even his weaknefles. Queftions are allb propofed re- 
fpe&ing his acquaintances, his relations, friends, and 
enemies. The candidate is required to enumerate his 
favourite colours, to defcribe his language, the nature 
of his converfation, his gait and geftnres. Nothing, in 
thort, is omitted that can tend to diftinguifh his charac- 
ter as an individual, or as a member of fociety. Upon 
many qualities in his charadler, thirty, forty, or forne- 
times near a hundred queftions are propofed. The 
following fpecimen will enable the reader to judge what 
aftonifhing care Weiihaupt employed to difcriminate 
charadlers. 

Is his gait flow, quick, or firm ? Are his fteps long,, 
fhort, dragging, lazy, or flapping > Is his language re- 
gular, diforderly, or interrupted ? In fpeaking, does he 
agitate his hands, his head, or his body with vivacity ? 
Does he dole 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, reipedl, or floth ? &c.. 
Concerning his education, he is queftioned to whom 
does he owe it ? Has he always been under the eyes of 
h:s parsnts ? How has he been brought up ? Has he 
any efteem for his mafters i Has he travelled, and in 
what countries ? 

By thefe queftions his temper and difpofitions might 
ht accurately known. His leading paffions would be 
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difcovered by the following queries : “ When he finds Illuminati 
himfelf with different parties, which does he adopt ; 
the ftrongeft or the weakeft ; the wittieft or the moft ✓ 
ftupid ? Or does he form a third ? Is he conftant and 
firm in fpite of all obftacles ? How is he to be gained ? 
by praife, by flattery, or low courtftup ; 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 fads. It is neceffary to obferve that the fcruta- 
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, Ins vices, and his crimes, Weifhaupt triumphantly 
exclaims, “ Now 1 hold him ; I defy him to hurt us ; 
if he fhould wifh to betray us, we have alfo his fe- 
crets.” 

The 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 charader drawn of him by the 
brother ferutators. A corner of the veil is now lifted 
up, ftill, however, with extreme caution. Nothing ap- 
pears palpable but the pureft principles and moft ge- 
nerous defigns. At the fame time many things arc 
darkly fuggefted, which are incompatible with purity 
and generofity ; for while the utmoft care is employed 
to deceive the underftanding, nothing is negleded that 
can tend fecretly to corrupt the heart. A number of 
queftions are afked ; 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 obi 
jt d of the order is to diffufe 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 underftandings. “ 'Bo 
attain this, (continues the fecretary), we muft trace 
the origin of all fciences, we muft reward oppreffed ta-- 
lents, we muft undertake the education of youth ; and, 
forming an indiffoluble league among the molt powerful 
gemufes, we muft boldly, though with prudence, com- 
bate fuperftition, incredulity ,and folly ; and at length 
form our people to true, juft, and uniform principles on 
all fubjeds.” The fecretary adds, that in attempting- 
to dive ft vice of its power, that the virtuous may be re- 
warded even in this world, the order is-counteraded by 
princes and priejls, and the political conjlitutions of na- 
tions that, however, it was not intended to excite re- 
volutions and oppofe force by force, but merely to 
bind the hands of the protedors 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 direding their labours towards 
the improvement of human nature. Were there but 
a certain number of fuch men in every country, each 
might form two others. “ Let thefe (fays he) only 
be united, and nothing will be impoffible to our order.” 
All this is very fpecious; it is well contrived to falci- 
nate the imagination of the young, and the heart af 

. the. 
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tended regard to virtue and to the happinefs of mankind, 
is concealed a moil formidable confpiracy 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 mufl. now infpedl the pupils of the inli- 
nuators, and muft exercife the office of ferutator while 
prefiding over the Minerval academies. 

Illuminati, 

knjght. 

The decree The next degree, which is that of Scotch knight, 
of Scotch i8 both intermediate and llationary. It is itationary 

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 directors of all the prepa- 
ratory degrees, and to watch over the interefts of the 
order within their diltrift. They were to ftudy plans 
for increafing the revenues of the order, and to endea- 
vour to promote to public offices of confidence, of 
power and wrealth, as many of the adepts as poffible ; 
and to itrive 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 cider. Thus one office of the 
Scotch knights was to embezzle the money that was 
entrufted to them, in order to diffufe 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 myfteries. He is not yet, however, made ac- 
quainted with the whole fecrets of the fociety ; he muit 
Ilill fubmit to new trials; his curiofity muft be farther 
excited, his imagination muft be kept longer upon the 
ilretch, and his principles of depravity be rendered 
more violent and inveterate before the vail be entirely 
withdrawn, which will difeover to him Weiftiaupt and 
his infernal crew, plotting the deftruftion 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- 

hoodr^e^" liminat7 queftions. The infinuations againft the efta- 
blifhed order of the world, which had formerly been 
{lightly mentioned, increafe 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 aftbeiations 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 queftion, whether there did not in an- 
tient times exift an order of things more fimple and 
happy ? What are the heft means for reftoring man- 
kind to that ttate of felicity ? Should it be by public 
meafures, by violent revolutions, or by any means that 
•would enfure fuccefs ? Would it not be proper, with 
this view, to preach to mankind a religion more per- 
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feft, and a philofophy more elevated ? And, in the 
mean time, is it not advifable to diffeminate the truth 
in fecret focieties l 

Should the anfwers given to thefe queftions 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 conducted to the porch of 
the temple of the myfteries. His guide ftrips 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 ftritlly enjoined 
him not to advance a ftep 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 y ou ; enter, and (hut 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, fome pieces 
of gold, and precious jewels, interlaid with chains. 
At the foot of the table, on a fcarlet cuftiion, 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 expefted he fhould do, the hierophant, or inftructor, 
thus addreffes him : “ Health and happinefs to your 
great and noble foul. Such was the choice we expected 
from you. But ftop ; it is not permitted you to in- 
veft yourfelf with that robe, until you have heard to 
what we now deftine you.” The candidate is then or- 
dered to fit down ; the book of the myfteries is open- 
ed, and the whole brethren liften in filence to the voice 
of the hierophant. 

The exordium is long and pompous; much artifice In ftru&ion* 
is concealed in it, and much eloquence dilplayed. ItI”CV!'|us Q 

expatiates on the fublime and generous views of the fo-11 

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 unveil the myfteries. He 
launches out into a fplendid defeription of the original 
ftate of mankind ; when health was their ordinary ftate, 
when meat, and drink, and fhelter, were their only 
wants. At that period (fays he) men enjoyed the 
moft ineftimahie bleffings, equality and liberty ; they en- 
joyed them to their utmoft extent : but when the wan- 
dering life ceafed, and property ftarted into exiftence ; 
when arts and fciences began to flourifti ; when a do- 
tation of ranks and civil affociations were eftablifiied, 
“ liberty was ruined in its foundation, and equality dif- 
appeared. The world then ceafed to be a great fami- 
ly, to he a fingle empire ; the great bond of nature was 
rent afunder.” Wants now increafed, and the weak 
imprudently fubmitted to the wife or the ftrong, that 
they might be protected. As the fubmiffion of one 
perfon to another arifes from wants, it ceafes when the 
wants no longer exift. Thus the power of a father is 
at an end when the child has acquired his £rength. 
Every man, having attained to years of diferetion,. 
may govern himfelf; when a whole nation, therefore, 
is arrived at that period, there can exift no farther plea 
for keeping it in w'ardffiip. 

Such 
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lllum’nnti. Buch a flate as that of civil fociety, 

ftnted as incompatible with the practice of virtue. 
“ With the divifion of the globe, and of its Hates, be- 
nevolence (fays the hierophant) was reftrained within 
certain limits, beyond which it could no longer be ex- 
tended. Patriotifm was deemed a virtue ; and he was 
ityled a patriot who, partial towards his countrymen, 
and unjuft to others, was blind to the merits of ftran- 
gers, and believed the very vices of his own country to 
be perfe&ions. We really beheld (continues he) pa- 
triotifm generating localifm, the confined fpirit of fa- 
milies, and even egoifm. Ditninith, rejedf that love of 
country, and mankind will once more learn to know 
and love each other as men. Partiality being caft afide, 
a union of hearts will once more appear, which will ex- 
pand itfelf over the globe.'” 

Thefe unphilofophical declamations, enthufiaftically 
pronounced, at length make the profylete exclaim, in 
unifon with his mafter, “ Are fuch then the eonfe- 
quences of the inftitution of ftates, and of civil fociety ? 
O folly ! Oh people ! that you did not forefee the fate 
that awaited you ; that you fhould yourfelves have fe- 
conded your dcfpots in degrading human nature to fer- 
vitude, and even to the condition of the brute 1” 

Having wrought up the profelyte to this pitch of 
frenzy, and enumerated all the evils which, according 
to Weilhaupt, arife from political aflbeiation, the hie- 
rophant comes to reveal the means by which the grie- 
vances of the human race may be redrefled. “ Provi- 
dence (he fays) has tranfmitted the means to us of fe- 
cretly meditating, and at length operating, the falva- 
tic n of human kind. Thefe means are the fecret 
fchools of philofophy. Thefe fchools have been in all 
ages the archives of nature, and of the rights of man. 
Thefe fchools fhall 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 fhall form one great family, 
and the earth fiiall become the habitation of die man 
of reafon. Reafon Jhail be the only booh 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 
oignity of human nature ; in a bafelefs morality ; and 
in a fcandalous perveriion of the Chriftian Scriptures, 
with a blafphemous account of the miniftry of the Sa- 
viour of the world. 

“ Vv hat 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 w ho has condemned men, the beft, 
the wifeft, and the moft enlightened men, to perpetual 
fiavery ? Why ihould human nature be bereft of its 
moft perfedl attribute, that of governing itfelf ? Why 
are thofe perfons to be always led w'ho are capable of 
condu&ing themfelves ? Is it then impoffible for man- 
kind, or at leaft 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 cherifh the flatter- 
ing hope of being able to break them, and recover our 
liberty ? No ; let us own that it is not impoflible to 
attain universal independence.” 

The principal means which Weifhaupt offers to his 
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is then repre- adepts for the conqueft of this land of promife, is to Illuminati. 

dimimih the wants of the people ; and accordingly the *v— 
code denounces eternal war wu'th every fpecies of com-Th 
merce. Hence the hierophant proceeds to inform thene« enc^1* 
candidate, that he who w'ifhes to fubjedt nations tomiesto 
his yoke, need but to create wants, which he alone can con‘mez'ce« 
latisfy. “ Confer (lays he) upon the mercantile tribe 
fome iaiik or fome authority in the government, and 
you will have created perhaps the moft formidable, the 
moft defpotic of all powers. He, un the contrary, who 
wiflies to render mankind free, teaches them how to 
refrain from the acquilition of things which they can- 
not afford : he enlightens them, he infufes into them 
bold arid inflexible manners. If yrou cannot diftufe, at 
the fame inftant, this degree of light among all men, 
at leaft begin by enlightening yourfelf, and by render- 
ing yourfelf better. The mode of diffufing univerfaT 
light is, not to proclaim it at once to the whole world, 
but to begin with yourfelf; then turn to your next 
neighbour : you too can enlighten a third and a fourth : 
let thefe in the fame manner extend and multiply the 
number of the children of light, until numbers and force 

Jhail throw power into your hands. You will foon ac- 
quire fufficient force to bind the hands of your opponents, 
to fubjugate them, and to ftifle wickednefs in the em- 
bryo ;” i. e. you wall foon be able to ftifle every prin- 
ciple of law, of government, of civil or political fociety, 
whofe very inftitution, in the eyes of an illuminee, is 
the germ of all the vices and misfortunes of human na- 
ture. 

The hierophant, continuing to infill on the neceflityTf^j? 
of enlightening the people to operate the grand revo-ndit^;"10* 
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 objeft of all 
his inllruftions. Let your inftru&ions and lights be 
univerfally diffufed; fo fhall you render mutual fecurity 
umverial j and fecurity and injlrublion will enable us to 
live without prince or government. The inftruclion 
w'hich is to accompli'fh this great end, is inftru&ion in 
morality, and morality alone ; for true morality is no- 
thing elfe than the art of teaching men to JImihe off their 
wardjhip, to attain the age of manhood ; and thus to 
need neither princes nor governments. The morali- 
ty which is to perform this miracle, is not a morality 
of vain fubtleties. It is not that morality which, de- 
grading man, renders mm carelefs of the goods of this 
world, forbids him the enjoyment of the innocent plea- 
fures of. life, and infpires him wfith 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 pufillanimity and defpair, by the 
threats of hell and the fear of devils. It muft be a divine 
dodlrine, 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 Aund b,afiT 
as teaching, like the Grecian fophifts, an exoteric andchrift 
an efotenc doarine. He deferibes him as the grand 
mafter of the illuminees ; and affirms, that the objed of 
his fecret, which is loft to the world in general, has 
been preferyed 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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I jummaM. vvhc>t fenfe Clirid was the Saviour and Redeemer of ihe 

v nvorld. The do&rine of original fm, of tlie fall of 
man, and of his regeneration, can now be underltood. 
The flate of pure nature, of fallen or corrupt nature, 
and the date of grace, will no longer be a problem. 
Mankind, in quitting their date of original liberty, fell 
from the date of nature, and lojl their dignity. In their 
civil fociety, under their governments, they no longer 
live in the date of pure nature, but in that of fallen 
and corrupt nature. If the moderating of their paflions, 
and the diminution of their wants, reindate them in 
their primitive dignity, that will really conditute their 
redemption and their flats of grace. It is to this point 
that morality, and the mod perfeft of all morality, that 
of Jefus, leads mankind. When at length this dodtrine 
dull prevail throughout the world, the reign of the 
good and of the eledl fliall be edab3ifhed.,, 

Tins language (as, M. Barruel obferves) is furely 
not enigmatical ; and the profelyte who has heard it 
without diuddering, may datter himfelf with being 

Prepaiato- worthy of this Antichridian priedhood. He is led 
ry tites to baok to the porch, where he is inveded with a white 

tunic and broad fcarlet belt of dlk. The deeves 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 myderies. 
He is met by one of the brethren, who does not per- 
mit him to advance till he has declared “ whether he 
perfectly underdands 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 fandfity of the principles of the order ; whe- 
ther he is fenfible of the call, feels the drength of 
mind, the fervent will, and all the difinteredednefs re- 
quifite to labour at the grand undertaking ; whether he 
is ready to make a facriiice of his will, and to fuff'er 
himfelf to be led by the mod excellent fuperiors of the or- 
d»r ” 3i a*r; . , ? . . . 

Initiation co The rites of the preceding degree were in impious de- 
the pried- rifion of the facrament of the Lord’s fupper ; thofeof 

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 crucidx upon it. On the altar is a 
bible ; and the ritual of the order lies on a reading delk, 
with a cenfer chid a phial full of oil belide it. The 
dean, or prefident, who adfs the part of a bifhop, bledes 
the candidate, cuts hair from the crown of his head, 
anoints him, clothes him in the vedments of the pried- 
hood, 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 didri- 
buted ; and it confids of milk and honey, which the 
dean gives to the profelyte, faying, “ This is that 
which nature gives to man. Refleft how happy he 
would dill have been, if the dedre pf fuperduities had 
not, by depriving him of a tade for fuch dimple 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 
degree. 

Among the indru&ions which it contains, the fol- 
lowing are more particularly worthy of notice. The 
epopt, fays the code, “ will take care that the wri- 

hood. 
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tings of the members of the order dull be cried up, and Uluminatu 

„ that the trumpet of fame diall he founded in their ho- v—^ 
nour. He will alio find means of hindering the review- 
ers from a fling any fufpicions on the writers of the fedf.” 
He is likewife indrudfed to bribe the common people 
into the interefts of the order, and to corrupt their 
minds, by getting pofieffion of fchools and other fetni- 
haries of learning. But “ if it be necefiary for us to 
be maders of the ordinary fchools (fays the impious le- 
giflator), of how much more importance will it be to 
gain over the Ecclefiajlic feminaries and their fuperiors ! 
With them we £ain over the chief part of the country ; 
we acquire the fupport of the greatejl enemies to innovation ; 
and the grand point of all is, that through the clergy 
we become mefers of the middle and lower claffes of the 
people.” # 34 

From the degree of epopt or pried are chofen the Qualifies- 
regents or prince-illuminees. On making this choice, fays*^c>ns ^or 

the code, three things of the utmod confequence are to1^ 
be obferved. <£ \Jl, The greated referve is necefiary 
with refpeft to this degree : 'idly, Thofe who are ad- 
mitted into it, mud be as much as pofiible free men, and 
independent of princes : ^dly. They mud have clearly ma- 
nifeded their hatred of the general confutation, or the ac- 
tual Jlaie of mankind ; and have firewn how evidently 
they wifh for a change in the government of the world.” 
If thefe requifites be found in an epopt who afpires to 
the degree of regent, dx preliminary quedions are put 
to him ; of which the obvious meaning is to difeover, 
whether he deems it lawful and proper to teach fubje&s 
to throw off the authority of their fovereigns, or, m 
other words, to dedroy every king, minider, law, xna- 
gidrate, and public authority on earth. 

When thefe quedions are anfwered to the fatisfac- 
tion of his examiner, he is informed, “ that as, in fu- 
ture, he is to be entruded with papers belonging to the 
order of far greater importance than any which he has 
yet had in his poffeffion, it is neceffary that the order 
fhould have farther fecurities. He is therefore com- 
manded to make his will, and infert a claufe with re-, 
fpedt to any private papers which he may leave, in 
cafe of bidden death. He is to get a formal or juridi- 
cal receipt for that part of his will from his family, or 
from the public magidrate ; 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-Adniilfion 
ed for his inauguration, he is admitted into an ante-to this de- 
chamber hung with black, where he fees a dteleton^126, 

elevated two deps, with a crown and fword lying at 
its feet. Having given up the written difpoiitions, &c. 
refpe&ing his 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 confids of various quedions and 
anfwers ; of which the following may ferve for a fpeci- 
nien : 

Prov. Who has reduced him to this date of fla- 
very 

Anf. ly the Introd. Society, Governments, the 
Sciences, and falfe Religion. 

Prov. And he widies to cad off this yoke, to be- 
come a feditious man and a rebel ? 

Anf. No; he wiihes to unite with us, to join jn 
our 
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. , 0UR fights against the constitution of go- 
vernments, the corruption of morals, and the profa- 
nation of religion. He vvifhes, through our means, to 
become powerful, that he may attain the grand ul- 
timatum. 

^ Prov. Is he fuperior to prejudices P Does he prefer 
the general interejl of the univerfe to that of more limited 
ajfociations P 

duf. Such have been his promifes. 
Prov. Afk him, whether the deeleton which is be- 

fore him be that of a king, a nobleman, or a beggar P 
^nf He cannot tell ; all that he fees is, that this 

fkeleton was a man like us ; and the characler of man 
is aM 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 inveltiture with the infignia of that order, he 
is exhorted to ht free, i. e. to be a man, and a man 
who knows how to govern himfelf \ a man who knows 
ms duty, and his imprefcriptible rights; a man who 
ferves the univerfe alone ; whofe aftions are folely direft. 
ed to the genera! ben ft of the world and of human na- 
ture. Every thing elfe (lays the provincial) is injus- 
tice.” A long panegyric is then made on the hnp- 
pmefs which will be experienced by mankind, when 
every father oi a family fhall be fovereign in his tran- 
quil cot ! when he that wifhes to invade thefe fatred 
rights fhall not find an afylurn on the face of the earth ! 
\vhen idleneis fha'.l be no longer iuffered ; and when the 

36 clod of ufeful fciences flail be cajl fide (c) ! 
dSrefthe TheA" of this degree confided in extending out tlm amis to a brother with the hands open ; the gripe 

was to feize the brother by the two elbows, as it were 
to pi event him from falling ; and the nvord was re- 
demption ! Tiie epopt was invefted with his princi- 
pality by receiving a buckler, boots, a cloak, and a 
hat ; and on receiving the boots, he was defired to fear 
no road which might lead to the propagation or dif- 
covery of happinejs. d ftus decorated, the prince illu- 
mir.ee. received the fraternal embrace, and heard the in- 
llruftions 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 myiteries which bur- 
h.fque Chriftianity and its Divine Author, and at the 
fame time vow vengeance againft all government, all 
law, and all fci.ence : 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- 
lummee ; with refpeift even to the loavfl of which, his 
degree of prieft will be found no more than child’s 
play. “ I he ritual of thefe degrees,* (fays he), I 
never fuffer to go out of my hands. It is'of too fe- 
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nous an import 5 it is the key of the ancient and mo- IH'J.rlnatf. 
dern, the religious and political, hiftory of the uni-   
verfe.” 

Phis caution of the chief confpirator has deprived 
ns of the power to give fo particular an account of 
thefe degrees as we have done of the preceding; but 
the Abbe Barruel affures us that they were reduced to 
two, viz. that of Magus, and that of the Man-king ; 
and that thefe two conftituted the greater myste- 
ries. When the adept was admitted to the degVee of 
magus, he was illuminized only in philofophy and reli- 
gion ; when to that of man-king, new lights were given 

yefpe&ing property, and every fpecies of political 
ailociation. The Abbe quotes a palfage from the Cri- 
tical hifory of all the degrees of tlluminifm, written by a 
man of honour, who had paffed through them all, which 
vyill give the reader a fufficient idea of the objeft of 
thefe laft decrees. o ^ nr 

“ With refpea to the two degrees of magus and ofObje&s of 
man-king (fays this writer), there is no reception, that*1/ de?ree* 
is to fay, there are no ceremonies of initiation. Even Lfmam 
the cleft are not permitted to tranferibe thefe degrees ;king. 
they only hear them read, and that is the reafon why 
I do not publifh them in this work. The firit is that 
of Magus, called alfo philofopher. It contains the 
fundamental principles of Spinozilm. Here every thing 
is material; God aqd the world are but one and the 
fame thing : all religions are inconfiftent, chimerical, 
and the invention of ambitious men.” 

That this is the doftrine of Spinoza, and that Spi- 
noza was an atheilf, gs moft certain ; but though no- 
thing can be effentially worfe than atheifm, we are iirong- 
ly inclined to fufpeft that, at the initiation of the Ma- 
""" expreffions mull have been ufed more fhockin? at gus 
leaf to the ear than the philofophic jargon of the apof- 
tate Jew. It is long fince the philofophy of Spinoza 
was in Germany recommended from the prefs (fee Spi- 
noza, Encycl.) ; it is but very lately that a profeffor in 
the univerhty of Jena published a book, in which he 
teaches that there is no God, and that we abfurdly give 
that title to the relations of Nature (d) ; and fomething 
approaching fo near to atheifm had been communicated 
to the adept when he was admitted to the priellhood, 
that we are perfuaded Weifhaupt muft have alluded to 
language at leak different from that in which Spinoza 
taught his dark doftriries, and that language, accompa- 
nied perhaps with impious and audacious geftures, when 
he fa id that, compared with his higher myfteries, his 
degree of pried was but child’s play. 

What gives fome degree of probability to tin’s con- 
jeftuie, if it be nothing more, is the following faft related 
by the Abbe Barruel. During the French revolution 
(fays that able and well-informed writer), a comedian 
 5 ^ appeared 

(c) This will naturally furprife our readers; but it could not furprife him to whom it evas addreffed • for 
when candidate for the pnefthood, he had been afked, “ Do the fciences which men cultivate, ft„hh Jhem 
with real lights . Are they conducive to real happ.nefs ? Are they not, on the contrary, the offspring of nurn 
beliefs wants, and of the unnatural ftate m which men live ? Are they not the crude inventions of c^azy brains 
I hue were, however, to be academies for the cultivation of fuch fciences as fuited the defirrns of ihe 
Each academy was to confift of nine epopts, of whom feven were to prefide refpeftively ovei^fo manv dena't* 
inents of fcience, whilft the other two were to officiate as fecretaries. One of the deoartments in dnH J Ve 
occult faeces, to which belonged the art of racing Ihe feats of the letters of all who belonged not to the onW 
and of lecurmg their own letters againft fimilar praftices ! ! b 1 th » 

(d) We learned this from the letter already quoted in note (a). 
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SaTagifm, 

* See 
Doig’s Let- 
ttrs on the 
Savage 
State, 

appeared (e), drefled in the facerdotai robes of the il- 
luminees, and perfonally defying Almighty God. “ No! 
(faid the impious wretch) thou doll not exiit. If thou 
haft power over the thunderbolts, grafp them ; aim them 
at the man who dares fet thee at defiance in the face of 
thy altars. But no ! I blafpheme thee, and I ftill live. 
No ! thou doft not exift.” It will be leen 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 ufe of the language and geftures of the 
higher myfteries ? Whether it be or not, M. Barruel 
has proved, even from the writings of Weilhaupt him- 
felf, that the magi were at leall atheifts of the fchool of 
Spinoza, 

“ The fecond degree of the grand myfteries, called 
the Man-king, teaches (according to the author of the 
Critical Hiftory), 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 back ; that 
in confequence all authority and all magiftracy muft be 
deftroyed.” 

This may appear to be nothing more than w'hat the 
adept has been already taught in the leffer myfteries ; 
.and it is in fa eft nothing more than that to which lie 
muft have feen thefe myfteries tending ; but the reader 
underltands not the language of the illuminees, if he 
fuppofes that, by the patriarchal ftate, they mean fuch 
a ftate as that of the patriarchs of the Old Teftament. 
No ! their patriarchal ftate is the fancied favage ftate of 
the atheiftical philofophers of Greece and Rome, when 
mankind had neither property nor fixed habitation. 
This is evident from one of the difeourfes of the hiero- 
phant ; in which he tells the adept, that it would have 
been happv for man “ had he known how to preferve 
himfelf in the primitive ftate in which Nature had pla- 
ced him ! But foon the unhappy germ developed itfelf 
in his heart, and reft and happinefs difappeared. As 
families multiplied, the neceflary means of fubfiftence 
began to fail. ‘11 ie No marie or roaming Ufe ceafed ; pro- 
perty began ; men chofe fixed habitations ; agriculture 
brought them together; liberty was ruined in its 
SOUN-DATIONS, AND EQUALITY DISAPPEARED.” 

To reftore that liberty and equality, therefore, which 
is the ultimate objeft of the order, and conftitutes the 
Man-king, all property' muft be aboliftied, every houfe 
burnt, as well the cottage of the ptafant as the palace 
of the prince ; and mankind muft once more inhabit 
woods and caverns without clothes and without fire, 
and fally out occalionally 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 
the original ftate of man * ; and to this ftate it was the 

■ object of Weiftiaupt and his adepts to reduce man again. 
Hence we hear them laviihing the moft rapturous enco- 
miums 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! It was thus, according to the illuminees, 

that thofe barbarians regenerated mankind : but the re- IIluminatL 
generation w'as not complete ; for the Goths and Van- v ,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 moft piteous 
lamentations 1 40 

Tire laft fecret communicated to the moft favoured The lafi, fe- 
adepts was the novelty of the order. Hitherto theircret °ftlie 

zeal had been inflamed, and their refpeft demanded to° u * 
an inftitution pretended to be of the higheft antiquity. 
The honour of inftituting the myfteries had been fuc- 
ceffively 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 enthufiaftic in his admiration of the order, to 
be entrufted with the hiftory of its origin. Here then 
they inform him, that this fecret fociety, wThich has fo 
artfully led him from myftery to myftery ; v/hich has, 
with fuch perfevering induftry, rooted from his heart 
every principle of religion, all love of his country, and 
afteiftion for his family ; all pretenfions to property, to 
the exclufive right to riches, or to the fruits of the 
earth ;—this fociety, 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 nu fove- 
reign on earth or in heaven ; no rights to refpedt in o- 
thers, but thofe of perfeft equality, of favage liberty, 
and of the moft 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 Weifhaupt, known in the fociety 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 areopagltes, and to a few other adepts of dif- 
tinguifhed merit. 4r 

So zealoufly was the order bent upon propagating PropAaT 
its execrable principles through the whole world, that^^enia^* 
fome of the chiefs had planned an order of female a- ’ 
depts, in fubferViency to the defigns of the men. “ It 
will be of great fervice, (fays Cato Zwack), 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 afleflor of the Impe- 
rial chamber at Wetzlar, of the name of Dittfurt, but 
known among the illuminees by that of Minos, ex- 
prefled even his defpair of ever bringing men to the 
grand object of the order without the fupport of fe- 
male adepts ; and he 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 a- feparate fociety', ai^d having different ft;4 

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 conduft the firft, by 
promoting the reading of good books ; and to train the 

fecond- 

(e) He does 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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Fuiniaat), fccond to the arts of fecretly gratifying their pqffons. The 

v wife of an adept named Ptolemy Magus was to prelide 
over one of the clalfes ; which (fays Minos) will be- 
come, under her management and his, a very pretty ib- 
ciety. “ You mail contrive pretty degrees, and drefles, 
and ornaments, and elegant and decent rituals. No man 
muft be admitted, i his will make them more keen, 
and they will go much farther than if we were prefent, 
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 mylteries which will put us 
to the blufh, and myiteries which we can never equal. 
They will be our great apoltles. Refled on the re- 
fped, nay, the awe and terror, infpired by the female 
my Hies of antiquity. Ptolemy’s wife muft dired them, 
and file will be inftruded by Ptolemy ; and my ftep- 
daughters will confult with me. We muft always be 
at hand to prevent the introdudion of any improper 
queftion. We muft prepafe themes for their difeuf- 
fion : thus we (hall confefs them, and infpire them with 
oui fentiments. l\o man, however, muft come near 
them. This will lire their roving fancies, and we may 
exped rare myfteries!” 

K-eieded ^lt notwithftanding all the plans and zeal of this 
by Sparta- profligate wretch and others of the fraternity, it does 

not appear that the General Spartacus ever confented 
to the eftablifhment of the fifterliood. He fupplied, 
however, the want of fuch an inftitution, by fecret iu- 
fb uCJons to the regents, on the means of making the 
influence of women over men fubfervient to the order, 
without entrutting them with any of the fecrets. “ The 
fair lex (lays he) having the greateft part of the world 
at their difpofal, no ftudy is more worthy the adept 
than the art of flattery, in order to gain them. They 
are all more or lefs led by vanity, curiolity, 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 Weilhaupt’s fagacity had 
not on this occalion forfaken him, is very evident; fince 
it has been proved that the German fair, who were the 
correfpondents of the illuminees, welcomed the French 

« Dr Robi-invaders of their native country *. Nay, fo lately as 
fon’s Prooji the winter of 1798, our correfpondent in Saxony heard 
efa Lonjpi- feveral of thefe illuminized ladies exprefs a wilh that the 

french might invade and conquer England ; for then, 
laid they, tea and coffee would be cheaper ! 

It is not enough for the founder of a fe& of confpi- 
rators to have fixed the precife objedt of his plots. His 
Accomplices muft form but one body, animated by one 
fpirit; its members muft be moved by the fame law's, 
under the inlpedtion and government of the fame chiefs. 
A full account of the government of Weilhaupt’s or- 
der will be found in the valuable work of Abbe Bar- 
ruel; our limits permit us to give only fuch a general 
view of it as may put our readers on their guard againft 
the fecret machinations of thefe execrable villains, whofe 
lodges are now recruiting, under different denomina- 
tions, in every country in Europe. 

   Wherever illuminilm has gained a footing, as the 
tionofthe means of fubordination, there is a general divifion of 
iJJumiiiee*. command as well as of locality. The candidates and no- 

vices are each under the diredion of his own infinuator, 
who introduces him into the Muierval lodges ; each Mi 

£ 779 1 t L I, 

43 
Subordina- 

many lodges conftitutc a diftrift, under the direction of IHinuW. 
a fuptiiot, whom the order calls dean. The dean is -~ v 
fubje&ed 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. I hen comes the fupreme council of the or- 
der, or the areopagites, over which prefides the general 
ot illuminifm. 1 hus has the order formed within itfelf 
a fupieme 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 
fupenors on earth ; each national is the centre of one 
particular nation ; the provincial, of one province ; the 
dean, of the lodges within his deanery ; the Mmerval 
mcfler, of his academy ; the venerable, of his mafonic 
lodge ; and the uifinuator or recruiter, of his novices and 
candidates. 

The higher degrees (fays Weifiiaupt in one of hisThefi* 
inftiudions to the regents) muft always be hidden fromni' de of 
the lower. The fimple illuminee therefore correfpoudscorrefflon* 
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 inllmdor behaves to him, cr may draw the 
charader 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- 
reds it Soli or Primo ; and then it can be opened only 
by the provincial, the national fuperior, the areopagit'ei, 
or fat general, according to the rank of the writd, 
which is by feme contrivance unknown to M. Barruel, 
indicated on the outlide of the letter' The provincial 
opens the letters of the minor and major ilhiiniil^es 
which are dmeded Soli; the hpuibut Heels of the epopts; 
and the Primes of the novices; but he cannot op£n 
either the Primo of the minerval, the Soli of the Scotch 
knight, or the Quibus lictf of the regent. He can only 
form a conjedure as to the perfdns who open his ovVn 
letters, and thofe which he is not permitted to opdi 
himfelf. 

When it is confidered, that by one of Weifhaupt’s ^ 
ftatutes, the provincial basin each chapter or diftrid 
a confidential epopt, who is his fecret cenfor or fpj ,• portage to 
that thefe fpies are to inlinuate themfelves into all com-their order, 
panics, aiid colled anecdotes of fecret hijlory\ that the 
hiftorian of the province is to infert thefe'anecdotes In- ' ’ 
to a journal kept for that purpoie ; anH that the' pro- 
vincials are obliged to forward the content's^ of thefe 
journals to the high fuperiors of the ordeflL foihe notihn .5. t 
may be formed of the influence of the general and afe- 
opagites in every country into which illuminifm bins 
found its way. “ The' means of acqhirmg'ah afeen- 
dency over men (fays Weifiiaupt), are incalculable. , r . :   <5 > inv-u w owiidupiare incalculable. fterval lodge lias a iuperior Irotn among the preparatory Who could enumerate them all ? They mutt vary with 

clafs, under the infpedion of the intermediary clafs. So the difpolition Af'tlic'timtfs. At one period, it'is a 
5 F 2 a, a tafte 
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Illuminati, tafte for the marvellous that is to be wrought upon. 
’■"r"v At another, the lure of fecret focieties is to beheld 

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 Freemnfonry, are fecretly Fire tied by us. Or elfe, and 
IT IS REALLY THE FACT IN SOME STATES, THAT PO- 
TENT MONARCHS ARE GOVERNED BY OUR ORDER. 
When any thing remarkable or important comes to 
pafs, hint that it originated with our order. Should 
any perfon by his merit acquire a great reputation, let 
it be generally undertlood that he is one of us. 

“ If our order cannot eitablifh itfell in any particu- 
lar place, with all the forms and regular progrefs of 
our degrees, fame other form mull he affumed. Always 
have the objed in view; that is the effential point. No 
matter what the cloakbe, provided you fucceed ; a cloak, 
however, is always necejfary, for in fecrecy our ftrenglh 
lies. The INFERIOR LODGES OF FREEMASONRY ARE 
THE MOST CONVENIENT CLOAKS for OUr GRAND OB- 
JECT; becaufe the world is already familiarifed with 
the idea, that nothing of importance, or worthy of their 
attention, can fpring from mafonry.” No artifice, how- 
ever, is to be left untried. “ You may attend large 
and commercial towms during the times of fairs in dif- 
ferent charadlers ; as a merchant, an officer,, an abbs. 
Everywhere you will perforate an extraordinary man, 
having important bufxnefs on your hands; but all this 
mult 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 lofe 
fight of the military fchools, of the academies, printing 
prejfes, libraries, cathedral chapters, or any public efabhfh- 
ments that can influence education, os government. Let 
our regents perpetually attend to the various means, 
and form plans, for making us masters of all thefe 
ejlallijhments. When an author fets forth principles 
true in 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 muft 
be made to gain over the author ; but fhould all our at- 
tempts fail, and we fliould prove unable to entice him 
into the order, let him be difcredited by every pojfible 
meansF 

Of their methods of difcredifing authors, one has 
come to our knowledge, which muft be imerefting 
to fome of our readers. Dr Robifon’s work, entitled 
Proofs of a Confpiracy, See. which firft 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 illumi- 
nees, under the difguife of merchants and abbes, attend- 
ed, and bought up the whole impreflion, which they 
committed to the flames. A fecond edition was pub- 
liflied, 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- 
nalifts in London ; but perhaps it may convince the 
readers of thefe journals, that the Dodtor has not fo far 

o ] ILL 
miftaken the fenfe of the writings of Philo and Sparta- Illuminati. 
cus, as their iliuminifed mafters wifh them to believe. ' yr—' 

When thefe arts of diffeminating the diforganifing 
and impious principles of the order are duly coniidered, 
and when it is remembered that its emiffaries dare not 
difobey a Angle injundfion of the high fuperiors, without 
expoling themfelves to poifon, or to the daggers of a 
thoufand unfeen affafiins, no man can be furprifed to learn 
that the illuminees contributed greatly to the French 47 
revolution. The philofophers of France had indeed pre- flluminifm 
pared the public mind for embracing readily the doc-0^ frallC6 

trines of illuminifm ; 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- 
ifted fome adepts in the very heart of the kingdom; and 
the Marquis de Mirabeau, when ambaffador at the court 
of Berlin, was initiated at Brunfwiek by a difciple of 
Philo Knigge’s. On his return to France he began to in- 
troduce the new myfteries among his malbnic brethren. 

The ftate of free mafonry was at that time peculiarly 4g 
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, f001")* 
to the very myfteries of illuminifm itfelf (fee Masonry 
in this Suppl.) Thefe were called the philofophical de- 
grees, and comprehended the knights of the fun, the high- 
er Roficrucians, and the knights Kadefh. 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-mailer. So early as 
the year 1787, France contained 282 towns, in which 
were to be found regular lodges, under the dire&ion 
of that execrable wretch. He increafed their number 
by introducing to the mafonic myfteries the loweft of 
the rabble, as well as thofe French guards whom he 
deitined to the fubfequent attack of the baftile, and to 
the ftorming of the palace of his near relation and royal 
mafter. In every country town and village lodges were 
opened for affembling 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 of Weifhaupt, which very quickly diffu- 
fed the light of illuminifm through the whole kingdom. 
Inftead of Spartpcus Weifhaupt, Cato Zwack, and Philo 
Knigge, we find wielding the firebrands of revolution 
in the capital of France, Philip of Orleans, Mirabeau, 
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 all parts of France, 
the cries of equality and liberty refounded from the lod- 
ges. The Jacobin clubs were formed; and hence fprung 
the revolution, with all its horrors of atheifm, murder, 
and maffacre ! 

In 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 charadler, who was at Leipfic when the 
two impreffions of the book were thus difpofed of. The Abbe Barruel’s work has no doubt been anfvvered in 
the fame way, though we cannot fay fo upon the fame authority. 
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IMumin ti. of Abbe Barruel and Dr Robifon, to which we refer 
' our readers for much curious information that our li- 

mits do not permit us to give. We cannot, however, 
conclude the article, without making fome remarks on 
that fpecions 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 affedtion, and that any partial 

40 re&ard fttr our country, err our children, is unjuft.” 
Refie&ions - ‘ia^ '-jus maxim is falfe, every Chrijllan knows, be- 
en the fun- caufe he is enjoined to “ do good indeed unto all men, 
damental but more efpecially to them who are of the houfehold of 

faith becaufe he is told, that “ if any man provide not 
for his own,' and efpecially for thofe of his own houfe, 
hw hath denied the faith, and is worfe than an infidel 
becaufe his divine mafter, immediately after refolving 
all duty into the love of God and man, delivers a pa- 
rable, to Ihew that we neither can nor ought to love 
all men equally; and becaufe the fame Divine Perfon 
had one difciple wftiom he loved more than the reft. 
But we wifh thofe philojophers who talk perpetually of 
the mechanifm of the human mind, and at the fame time 
aftebt to have no partial fondnefs for any individual, but 
to love all with the fame degree of rational aflebtion, 
to confider well whether fuch philanthropy be confift- 
ent with what they call (very improperly indeed) me- 
chanljm. If this mechanifm be (as one of them fays it 
is) nothing more than attraction and repulfton, w'e know 
that it cannot extend with equal force over the whole 
wwld ; becaufe the force of attradion and repulfion 
varies with the diftance. If by this abfurd phrafe, 
they mean a fet of injlindive propen lit it;:, or feelings, 
we know tuat among favages, who are more governed 
ky inftind than civilized men, philanthropy is "a feeling 
or propenfity of a very limited range. If"they believe 
all our paffions to originate in felf love, then is it cer- 
tain that our philanthropy muft he progTcftive ; 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 f then 
grafping our country; and laft of all the whole human 
race. Perhaps they may fay that realon teaches us to 
love all men equally, becaufe fuch equal love would 
contribute moft to the fum of human happinefs. This 
fome of them indeed have adually faid; but it is what 
no man of rtfleftion can poflibly believe. Would the 
fum of human happinefs he increafed, were a man to 
pay no greater attention to the education of his 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 negleA the poor in his neighbour- 
hood, that he 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 ftrangers whom he never faw ; and when he con- 
demns, in the cant phrafe of fabtion, that narrow po- 
licy which does not conlider the w'hole human race as 
one great family—we may fafely conclude him to be 
either confummate hypocrite, who loves none but 
kimfelf, cr a philofophical fanatic, who is at once a 
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ft ranger to his duty and to the wrorkings of his own 
heart. 

11 this conclufion require any farther proof, we have 
it in the condubl of Weifhaupt and his areopagites- 
In tne hand-writing of Cato his incomparable man, was 
found the defeription of a ftrong box, which, if forced 
open, would blow up and dejiroy its contents ; feveral 
receipts for procuring abortion ; a cornpofition which 
blinds or hills when fpurted in the face ; tea for procu- 
ring abortion; Herba qua habent qualitatim ddateream; 
a met hod for filling a bed-chamber with ptjliiential va- 
pours ; how to take off iropreffions of feals, fo as to ufe 
them afterwards as feals; a receipt ad excitandum furo- 
rem uterinum; and a diflertation on filicide. Would 
genuine philanthropifts have occafion for fuch receipts 
aj theie ? No ! the order which ufed them was founded 
i i the meft confummate villany, and by the moft de- 
t eft able hypocrite. j he inccftuous Weifhaupt feduced 
tne widow of his brother, and folicited poifon and the 
dagger to murder the woman whom he had fondly 
prefied in nis arms, ‘f Execrable hypocrite (fays M. 
Lai rut 1), he implored, he conjured both art and frietid- 
flup, to deftroy the innocent vibfim, the child, w'hofe 
hirth muft betray the morals of his father. The fcan- 
dal rrom which he {brinks, is not that of his crime : it 
is the fcandal which, publifhing the depravity of his 
hi.ait, would deprive him of that authority by which, 
unaer the cloak of virtue, be plunged youth into vice 
and error. I am on the eve, (fays he) of lofing that re- 
putation, which gave me fo great author ity over our people : 
My Jifier in law is with child. I will hazard a defperate 
mow, for I neither can nor will lofe my honour. ” Such, 
is the benevolence of thofe who, baniftiing from their 
minos ah partial affection for their children and their 
country, profefs themfelves to be members of one great 
family, the family of the world ! 

IMAGINARY Quantities, or Impoffihle Quanti- 
ties, in algebra, are the even roots of negative quanti- 
ties; which expreffions are Imaginary, or impoflible, or 
oppofed to real quantities ; as — aa, or   a4, 
&c. lor as every even power of any quantity what- 
ever, whether pofitive or negative, is neceffarily pofitive, 
or having the f;gn -f-, becaufe -f by or — by —, 
g>vc. equaly ft-; hence it follows that every even power, 
as the fquare for inftance, which is negative, or having 
the fign , has no pofiible root ; and therefore the 
even roots of fuch powers or quantities are faid to be 
impcffible or imaginary. 'The mixt expreffions arifing 
from imaginary quantities joined to real ones, are alfo 
imaginary ; as r/ — f — aa, or b f /f — aa. 

Imaginary Roots of an equation, are thofe roots or 
values of the unknown quantity, uhich contain fome 
imaginary quantity. Thus the roots of the equation 
xx -ft aa - o, are the two imaginary quantities + yZ — aa 
and — a/ — aat or -f- a*Q — i and—r ayZ — j. 

IMPACT, the iimple or fingle aAion of one body 
upon another to put it in motion- Point of impaA is 
the place or point where a body aAs. 

IMPERFECT Number, is that whofe aliquot 
parts, taken all together, do not make a fum that >is 
equal to the number itfelf, hut either exceed it, or fall 
fhort of it ; being an abundant number in the former 
cafe, and a defeAive number in the latter. Thus, \i is 
an abundant imperfeA number, becaufe the fum of all 
its aliquot parts, i, 2, 3, 4, 6, makes 16, whieh exceeds 
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the Tvumbeca 2. And 10 is a dcfedtive impcrfeA numbet-, 
becaufe its aliquot parts, 1, 2, 5, taken all together, 
make only 8, which is lefs than the number 10 itfelf. 

IMPOST, in architedlure, a capital or plinth, to a 
pillar, or pilafter, or pier, that fupports an arch, &c. 

IMPULSION, is the term employed in the lan- 
guage 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 linking it. The plained cafe of 
this aftion 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 fatd to be impelled by the o- 
ther : and this way of producing motion is called im- 
pulsion, to diftinguifh it from pression, thrusting, 
or protrusion, by which we pufh a body from its 
place without linking. The term has been gradually 
extended to every change of motion occafioned by the 
eollifion of bodies. 

When fpeculative men began to colledl into general 
claffes, the-obfeirations 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 tlrength 
ofour arm, can move a body, can Hop or any how change 
its motion; fo a body already its motion produces elicits 
of the-fame kind in another body, by hitting it. Such 
obfervations were almoft as early and as interefting as 
the other ; and the attention was very forcibly turned to 
the general fails which obtained in this way of produ- 
cing motion ; that is, to the expifeation of the general 
laws of ifn pul lion. We do not find, however, in what 
remains of the phylical fcience of the ancients, that 
th'ey had proceeded far in tin’s claflification. While 
mechanics, or the fcience of machines, had acquired 
fome form, and had been the fubjeft of fuccefsful ma- 
thematical difeuffion, we do not find that any thing ii- 
rnilar 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- 
mis, and Hero, deferibe the mechanifm of thefe engines 
with great care', and frequently with mathematical lie ill, 
we fee no attempts to afeertain with precifion the force 
of the miffile' vveapon, or to ftate the efficacy of the 
battering ram, by meafures of the momentum, andcom- 
parifon of it with the refiftance oppofed to it. The 
engineers were contented with very vague notions on 
thefe points. 

Arillotle, in his 20th Mechanical Queftion, and Ga- 
len in fome occafional obfervations, are the only au- 
thors of antiquity whom we recollect as treating the 
force of impulfe as a quantity fufceptible of meafure. 
Their obfervations are extremely vague and trivial, 
chiefly direfted, however, to the diferimination of'the 
force of impulfe from that of preffure. 

In more modern times, great additions had already 
been made to the affiflance we had derived from the 
impulfive efficacy of bodies in motion. Water-mills 
and wind-mills had been invented, and had been applied 
to fuch a variety of purpofes, that the engineers were 
fall acquiring more diftindt 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 
rigging. The oblique adtion of wind and water were 
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now found even more effedlive than the diredl; and {hips hnpulSon, 
could now fail with almoft any wind. All thefe things —--v—-** 
fixed the attention of the engineers and of the fpecu- 
latift on the numberlefs modifications of the force of 
impulfe. 

But it foon appeared that this was a refined branch 
of knowledge, and required a more profound itudy 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 tludy. All- 
thefe improvements in the arts of lire derived their effi- 
cacy from the impulfe of boclies. The laws of impul- 
fion, therefore, became the objedts of lludy to all who 
pretended to philofophical fcience. But this is a branch 
of ftudy wholly new, and derives little affiilance 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 produdfion of mo- 
tion by impulfe, the equilibrium is not fuppofed to ob- 
tain ; and therefore its rules will not folve the moll im- 
portant queffion, “ What will be the precife motion ?” 

Galileo, to whom we are indebted for the firft dif- 
coveries in the dodtrine of free motions, was alfo the 
firft who attempted to bring impulfion within the pale 
of mathematical difeuffion. This he attempted, by en- 
deavouring to Hate what is the force or energy of a 
body in motion. .The very obfeure refledtions of A- 
riftotle on this fubjedt only ferved to make the ftudy 
more intricate and abftrule. Galileo’s refledtions on 
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 recourfe to an experiment, 
in order to difeover what preffure was excited by im- 
pulfion. A weight was made to fall on the icale of a 
balance, the other arm 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 llowly. 2 

At laft the three eminent mathematicians. Dr Wal-Lawsof 
lis, Sir Chriftopher Wrenn, and Huyghens, about the impulfion 
fame time, and unknown to each other, difcovered^c^^ 
the Ample and beautiful laws of eollifion, and commu-^^^ ai’4 
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 
dodtrine by experiment. The bodies which were made 
to ftrike each other were fufpended by threads of equal 
length, fo as to touch each other when at reft. When 
removed from this their vertical fituation, and then let 
go, they ftruck when arrived at the lovveft points of 
their refpedtive circles, and their velocities were propor- 
tional to the chords of the arches through which they 
had defeended. Their velocities, after the ftroke, were; 
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Imputfion. meafured, in like manner, by the chords of their arches 
*" 'v °f afcent. Fhe experiments correfponded precifely 

with the theoretical do&rine. 
In the mean time, this lubjeft 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. The firft attempts to meafure the impulfive 
force of bodies, by fetting it in oppofition to prefl’ures, 
which had long been meafured by weights, gave rife to 
fome very refined refieftions on the nature of thefe two 
kinds of forces. Ariftotle had faid that they were 
things altogether dilparate. 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 prefiure. 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 eftablifh 
this identity beyond a doubt, but even to (hew the 
origin of preffure itfelf. The weight in one fcale is 
iuftained as long as the ftream of water continues to 
llrike the other fcale. In this experiment, therefore, 
prelfure is equivalent to continual impulfe. But conti- 
nual impulfe is not conceivable : we mutt coniider the 
impulfe of the ftream as the fucceffive impulfe of the dif- 
ferent particles of water, at intervals which are altop-e- 
ther indiftinguifhable. 

1' rom thele confiderations were deduced two very mo- 
mentous dodfrines : i. That prelfure is nothing but 
repeated impulfe; 2. That although preflure and im- 
pulle are the fame in kind, they are incomparable in 
magnitude. The impulfe is equal to the weight of a 
column of water, whofe length is the height neceflary 
for communicating the velocity. Now this is inceflant; 
and the weight is futtained during any the fmalleft mo- 
ment of time, by the impulfe, not of the whole column, 
but of the infenfible portion of it which is then making 
its ttroke. Impulfe, therefore, is infinitely greater than 
prefi'ure. 

1 hefe abftrufe fpeculations 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 moft ingenious philofophers of Europe 
taught that impulfe was the foie origin of preflure. 
There is but one moving power (faid they) in mecha- 
nical nature : This is impulfe.—-Nihil movetur (fays 
Euler) nifi a contiguo et moto. Moreover, having been 
long and familiarly converfant with the adtions of ani- 
mals, and the adlions of moving bodies, and conceiving, 
with fufficient diftinftnefs, thatr impenetrable bodies 
cannot move without moving thofe with which they are 
furrounded and in contadf, they imagined that they 
fully underftood how all this difplacement of bodies is 
carried on ; and therefore they maintained, that any 
motion is fully explained when it is ihewn to be a cafe 
of impullion. But they faw many cafes of motion 
where this impulfion could not be exhibited to the fenfes< 
*1 hus, the fall of heavy bodies, the mutual approach 
or recefs of magnetic and electric bodies, exhibited no 
fuch operation. But even here their experience helped 
them to an explanation. Air is an invilible fubftance, 
and its very exiftence was for a long time known to us 
only by means of its impulfe. As. we fee that preffures 
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are generated by the impulfe of water and of air, may Impulfion. 
there not.be fluids ttill more fubtle than air, by vvhofe '  
inviiible impulfe bodies are made to fall, and magnets 
are made to approach or avoid each other ? The impof- 
libility of this cannot be demonttrated, and the laws of 
impulfe had not as yet been fo far inveftigated as to 
fhew that they were incompatible with thofe produc- 
tions of motion. It was therefore an open tteld for dif- 
cuflion ; and the philofophers, without farther heftta- 
tion, adopted, as a firft truth, that all motion what- 
ever is produced BY impulsion. The bufinefs of 
the philofopher, therefore (fay they), is to inveftigate 
what combination ot inviiible 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 looks fo like a ftream of fluid ; 
but it is a number of quiefeent fragments of iron. This 
does not hinder us from fuppoftng fuch a ftream, not of 
iron-filings, but of a magnetic fluid, which will arrange 
(fay the atomifts) thofe fragments, juft as we fee the 
flote-grafs in a brook arranged by a ftream of water. 
Fiiiids, therefore, moving in Itreams, vortices, and a 
thouiand different ways, have been fuppofed, in order 
to explain 1 that is, to bring under a general known 
law of mechanical Nature, all thofe cafes of the pro- 
duction of motion where impulfion is not obferved bv 
the fenfes. 

As we have gradually become better acquainted with 
the laws of the production of motion by impuliion, we 
have been able to explode many of thofe proffered ex- 
planations, by fhewing 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 fhewn 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 anfwered to all thofe demonftratfons of futili- 
ty, that ft ill the axiom remains. Motion is produced 
only by impulfe; but we have not yet difeovered all 
the pofiibilities of impulfion; and we muft not defpair of 
difcovering that precife fet of invifible motions, and con- 
fequent impulfions, of which the phenomena before us i 
is the neceffary refult.. 

But this is by no means fufficient authority for de-The 4 r 
ferting the rule of philofophizing, fo prudently and ju-cation of * 
dicioufly recommended by Sir Ilaac Newton ; namely, diic pi in- 
not to admit as the caufe of phenomenon any thinwc,ple isha-' 
that is noifeen to operate in its production. The prutZardous' 
dence of this reftriaion is evident ; . and it has alfo been 
fufficiently ftiewn (Philosophy, Encycl. n° 48. &c.), 
that ti uephilofophical explanation,or extenfion of know- 
ledge, is unattainable, if this rule be not ftriCtly 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 quelt 
of. What, .then,,is the reafon that always induces phi- 
lofophers to have recourfs to impulfion for the expla- 
nation of a phenomenon, and to -reft fatisfied in every 
cafe .where it can be clearly proved that the phenome- 
non is-really a cafe of impuliion ? We fay, that we in- 
quire into the redfon why a body falls, and that we will 
be fatished if it can be ftiewn us that it has received a 
number of impulfions downward. Do 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 difeovered the reafon ? 
We believe that none of the philofophers, who have re- 
courfe to invifible impelling fluids, ever alk a reafon for 
motion by impulfion. Indeed they fliould not, other- 
wife it would ceafe to be a firft principle of explanation. 
Other philofophers, indeed (namely, fuch as alk no 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 almoll every cafe, they have 
found it out. 

If the philofophers alk no reafon for this production 
of motion, they mull (that it may ferve as a principle 
of explanation) fay that impulfivenefs is an original pro- 
perty of matter, either contingent or elfential. Accord- 
ingly, we believe that this, or fomething like this, has 
been aflumed as a principle by the greater part of me- 
chanicians. It has been aflumed, as we have obferved 
in the article Dynamics, Suppl. that a moving body 
poflelFes the power of producing motion in another body 
by hitting it; and they call it the impulsive force 
of moving bodies—the force in h erent in a moving body. 
The reader will have obferved, in our manner of treat- 
ing that article, and alfo in feveral paflages of different 
articles of the Encydopcedia Britannica, that we do not 
confider this affumption as very clearly authorifed by 
obfervation, or deducibie by abftraCl reafoning, from the 
firll principles of philofophy. There is no branch of 
natural ph'ilofophy on which fo many ingenious dilferta- 
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 has given rife to 
a ferious difpute ; a difpute that has divided, and Hill 
divides, the mechanicians of Europe. 

Some may think it ptefumptuous in us, in a Work 
of this kind, which only aims at collecting and exhibit- 
ing in one view the exifling j'cicnce of Europe, to pre- 
tend to give new doCtxines, or to decide a quellion 
which has called forth all the powers of a Leibnitz, a 
Bernoulli, a Jurin, a M‘Laurin, &c. But we make 
no fuch pretenfions ; we only hope that, by feparating 
the queltion from others with which it has, in every 
inHance, been complicated, and by confidering it apart, 
fuch notions may be formed, in per fed conformity to 
the principles adopted by all parties, that the myllery, 
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 extenlive knowledge, 
but merely a ftridl attention to the conceptions which 
we form of the actions of bodies on each other, and a 
preciflon in the ufe of the terms employed in the dif- 

j cuffion. 
Inquiry in- We trull that our philofophical readers perceive and 
to its truth.approve of our anxiety to ellablilh (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 queltion, 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? how 
do we come by this knowledge ? and what ufe can we 
make of it ? The taenia knows nothing of the folar 
fyllem, and man is ignorant of the caufe of impullive- 
nefs. Other intelligent creatures may have fenfes, of 
which this i$ the proper objedt j and others, of a Hill 

more exalted rank, may perceive the operations of mind ImpuUloR, 
as clearly as we perceive thofe of matter, while they —~~v— 
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 accomplith this purpofe, we diredled the reader’s We learn 
attention to what palfes in his own mind when he thinks the exiil- 
on the mechanical phenomena of Nature ; on what lie ence °* 
calls body ; on the perceptions which bring it into his by 
view, and which give him all the notions that he can mears oi 
form of its dillinguilhing, its charaderiftic 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 thefe informs him of peculiar qualities of 
the thing, which he calls matter. Many appearances 
fugged 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 inllantly grope round it to 
find a companion. Why does the creature grope about 
fo ? It is hot contented with the firll 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- 
losopher thinks himfeif obliged to doubt of its truth. 
Some fenfations, arifing from fpafm, cannot be diitin- 
guifhed from the feeling of touch ; and the patient in- 
lifts that fomething prefles on the dileafed part, while 
the phyfician knows that it is only a nervous affedlion. 
Every perfon will think that a cobweb touches his face 
when an eledlrified body is brought near it, and will 
try to wipe it off'with Ins hand. But the modern phi- 
lofopher fees good reafon for afferting, that in this in- 
ftance our feeling gives us very inaccurate, if not erro- 
neous, information. He fnews that the tact, of which 
our feeling tiuly informs us, is the bending of the fmall 
haiis or down which grow on the face, and that thefe 
only have been touched ; and the followers of Epiaus 
deny that even this has been demonllrated. ^ 

'The philofopber adopts this mode of perception as The excite- 
unqueltionable, and allows that, and that alone, to be merit of 
matter, which invariably produces this fenfution by cou-Cinicn 1S.a^'’ 
tiguity. But engaged in fpeculations which fix his at-hy th- feel- 
tention on the external object, he negleCls and over-h, , 0f ex- 
looks the inftrument of information, and its manner oferced prei- 
producing the effedt, juft as the aflronomer overlooksiuie- 
the teldcope, and the union and deculfatiorj of the 
rays of light which form the picture by which he per- 
ceives the fateliite of Jupiter travel acrols his difk. The 
philofopher finds it convenient to generaliie the im* 
menfe variety of touches which he 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 mecha- 
nifm. An exquifite painting has fometimes fuch an ap- 
pearance of prominence, that one is difpofed to draw 
the finger along it, and we expeft to feel fome rough- 
nets, i’ome obJlru£liony fomething that prevents the fin- 

ger 
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Impulfion, ger from going over the place. Perhaps we doubt", ar^ 

want to be allured. We prefs a little clofer ; but feel 
no obltruftion ; and we defilt. The very firft appear, 
ance, therefore, which this indicating quality, viewed as 
the property of external matter, has in our conceptions, 
is that of an obftrudlion, an obftacle, to the exertion of 
one of our natural powers. The power exerted on this 
occafion is familiarly and dijlinflivcly known by the 
name of pressure. This is the name of our own ex- 
ertion, our own adfion ; and, in this inttance, and (we 
think, in this alone, the word is ufed purely, primitive- 
ly, and without figure. When we fay that a ftone 
prelies on the ground, we Ipeak figuratively, as truly 
as when we fay that the candleftick Hands, and the 
fnuffers lie, on the table. It is a perfonification, autho- 
nfed by the fimilarity of the effeds and appearances. 
Further, when we fpeak of our preffure on any thing, 
with the intention of being precife in our communica- 
tion, we fpeak only of what obtains in the touching 
parts of the finger and the thing preiTed, paying no at- 
tention to the long train of intermediate exertions of 
the mind on the nerves, the nerves on the mufcular 
fibie, 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 ahtive being is attribu- 
ted to the particles of hfeleis 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,, laftly, 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 

g we call it the force of pressure. 
And pref- By far the greatell part of our a&ions on external 

c^d IT b,°d.1CS is
r
witl? the intention of putting them out of 

fuppofed ir, eir Prefent htuations ; and we can hardly feparate the 
almoft thought of exerted prefiure from the thought of mo- 
every pro- tion produced by it. Therefore, almoft at its firft ap- 

mTtion! ^ Pearance in the m,‘nd> Preffure comes before us 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 ftiall 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 reflea on the manner in which 
this notion is extended to all other produaions of mo- 
tion. We think that this will fliew, that in every cafe 

9 we fuppofe preffure to be exerted. 

donTthe P^lofoPber proceeds in his fpeculations, and 
indances of0b!5r^s t ldt 0‘ie _ir‘an can. prefs on another, and can 
thispcrcep-P1* “ bJrn out of his place, in the fame way as he re- 
Uon. 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 pufhed has the fame feel- 
ings of touch and prefiure. By withdrawing from the 
preffure, he alfo withdraws from the fenfation; by with- 
ftanding or refifting it, he feels the preffure of the other 
man ; and what he feels is the fame with what he feels 
when he prefles on the other perfon, or on any piece of 
matter. The fame fenfations of touch are excited. Fie 
attributes them to the preffure of the other perfon. 
Therefore he attributes the fame fenfations to the coun- 
ter preflure of any other body that excites them. Far- 
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tiler, lie can refill to fuch a degree that he la not pulh- 'n-pulCo.. 
ed from In’s place. In this cafe, the greateft preflure is — 
exerted, and is felt by both. Each feels that the more 
he reiifts, the greater is the mutual preffure: And each 
teels that, unlefs he not only do not refjl, but aifo with- 
draw himfelf from the preflure of the other, he will be 
prefled, and the other will feel counter preflure, the 
lame in kind with what is produced by his reliftance, 
though lefs in degree. 

All thefe things are diftinftly and invariably felt; They are 
at they require attention, in order to be fubjecfts ofKerierally 

recoiled!ion and after-confideration. From this, andli£uratlVtf* 
no other fources, are derived all our notions of corpo- 
real pi efture, of counter preflure, of adtion, re-adlion, 
of rejtjlance, and of inaSivily or inertia. Our notions 
of moving power, of the mobility of matter, and of the 
necdlity of this power to produce motion in matter, 
have the fame origin. Our notions alfo of the refin- 
ance of inanimate matter, indicated by the expendi- 
ture of adlual preflure, are formed from the fame pre- 
mifes : the counter-preffure, or what at leaft produces 
the lame feelings in the perfon who is the mover, is 
conlidered as the property of dead matter ; becaufe we 
feel, 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. 7 

Thefe diredl inferences are confirmed as we extend w ^ 
our acquaintance with things around us. We can ex-f^emany 
ert our force in bending a fpring, and we feel its coun-preflures. 7 

ter-preflure, precifely limilar to that of another man. 
We feel.that we muft continue this preffure, in order 
to E-^ep it bent; and that as we withdraw our prefliire, 
the fpring follows our hand, ftill producing fimilar feel- 
ings in our organs of touch, and requiring fimilar exer- 
tions of our ftrength to keep it in any ffate of terifion. 
Thefe phenomena are interpreted as indications of pref- 
fures a (finally exerted by the fpring, and quite different 
from what we fliould feel from its mere refiftance to be- 
ing moved. T. his aifiion refembles our own exertion in 
every particular ; it produces all the effedts of preffure ; 
it will fqueeze in the foft . flexible parts of our body 
with which we aft on it ; it will comprefs any foft bo- 
dy, juft as we do ourfelves ; it will put bodies in mo- 
tion. Farther, we can fet the aftion of one fpring in 
oppofition to that of another, and obferve that eafti is 
bent by bending the other; and we fee that their touch- 
mg paits exert preflure, for they will comprefs any foft 
body placed between them. 

Thus, then, in all thofe cafes, we have the fame no- 
tion of the power immediately exerted between the 
two bodies, animated or inanimated. It is always pref- 
fure. Ir indeed we begin to fpeculate about the modus 
operandi m any one of thefe inftances, we find that we 
mutt flop ihort. How our preffure excites the feeling 
of preffure in the other perfon, or how it produces mo- 
tion, eludes even conjefture—So it is—Nay, how our 
intention and volition caufes our limb to exert thispref- 
fure, or how the fpringinefs of a fpring produces fimi- 
lar eftefts, remains equally hid from our ken. Unwea- 
ried ftudy has greatly advanced our knowledge of thefc 
fubjefts in one refpeft. It has pointed out to us a train 
of operations, which go on in our animal frame before 
the ottenfible preffure is produced ; we have difcovered 
omething of their kind, and of the order in which they 

proceed ; we have gone farther, and have difcovered, in 
J G fome 
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dies, and produce all the effe&s of real animal preffure. Imp uifiop^ 
Impulfe, therefore, is the true caufe of motion, and the 'l',r_v 

folicitation of gravity is nothing but the repeated im- 
pulie of an inviiible fluid. 

But, in the firit place, let it be obferved, that both 
parties profefs to explain the phenomena ot mechanical 
nature, that is, to make them eafler conceived by the 
mind. Now it may be granted, that could we have any 
previous convidaon 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 impulliveneis is as little underftood by us as pref- 
fure. 

body by hitting it, ana enaeavour iu io,,n a u. But there are thoufands of inftances of moving forces 13 
the way in which this motion is immediately produced, where we cannot conceive how they can be produced Many pre£ 
fixing our attention on what paffes in the very inftant by the impulfe of a body already m motion, fhere ap- 
of the change, we find ourfelves Hill obliged to fuppofe pear to be many moving powersm nature, independent by .V 
the thing we call preffure. We can have no other con- of, and inexplicable by, any previous motion theie fion< 

ception of it ; and there is no violence in this ad of the may be brought into adion, or occafions may be afiord- v • — ’ .1 .  • n.i j c  for their adion, in* a variety of ways. the mere 
wall of an animal brings fome of them into adion in 

Impuifion. fome of the preffures exerted by lifelefs matter, fimilar 
trains of intervening operations. In the cafe of a fpring, 
we have diicbvercd that ttiere is a certain combination 
of the properties of all its parts necefiary for the viiible 
exertion. But what is the principle which thus makes 
them co-operate, we cannot tell, any more than •in our 
own exertions of preflure. Such being the origin of 
our notions on thc'fe fubjeds, it is no wronder that all 
our language is alio derived from it. Force, power, piei- 
lurre, adion, re-adion, refillance, impuifion, are, with- 
out any exception, words immediately exprefiive of our 
own exertions, and applied metaphorically to the phe- 
nomena of matter and motion. 

Laftly, when we fee a body in motion difplace another 
body by hitting it, and endeavour to form a notion of 

imagination. For we know, that rf we are jollied from 
our^place, and forcibly driven againft 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- 
cited as in the inftances of the fame motions produced 
by exerted preffion. We alfo fee, that when a. body 
jtrikes another, and puts it in motion, it makes an impref- 
lion or dimple in it if foft, or breaks it if buttle ; and, 
in fliort, produces every effed of preffure. A baft of 
foft clay makes a dimple in the ball of foft clay which 
it difplaces, and is dimpled by it. Springy bodies com- 
prefs each other in their collifions, and reiile from each 
other. In Ihort, in every cafe of this ciafs, mutual 
preffure, indicated by all its ordinary effeds, appears to 
be the intermedium by which the changes of motion 

^      _-mgs lome 
the internal procedure of mufcular motion ; mere vi- 
cinity brings into adion powers which are almoft irre- 
fiftible) and which produce moft violent motions. Thus 
a little aquafortis poured on powdered chalk contained 
in a bombftiell, will burft it, throwing the fragments to 
a great diftance. A fpark of fire brings them into ac- 
tion in a mafs of gunpowder, or other combuftibles. 
And here it deferves remark, that the greater the. mafs 
is to which the fpark is applied, the more violent is the 
motion produced. It would be j'uft the contrary, if 
the motion were produced by impulfe. For in all cafes 
of impuifion, the velocity is inverfely proportional to 
the matter that is moved. When a fpring is bent, and 
the twm ends are kept together by a thread, a prelfure be tne intermearum oy which inc - r- 0 , ' . * , , , 

are immediately produced ; and the previous motion of is excited, which continues to.ad as long as the tmead ^ .. . , \ r .1 1 . 1.   1 1 ,^C rTtn t r I VS H f P OT llTinPllinP* lilllCl 

Preffnre is 
the only 
difkind no 
tion of a 
moving 
jiower. 

the ftriking. body feems to be only the method of pro- 
ducing this preffure. 

From this copious indudion of particulars, and care- 
ful attention to the circumftances of each, we think it 

'plain, that preffure is the only clear notion that a mind, 
not familiar with Icrupulous difcuflion, forms of moving 
power ; and therefore that it is very fingular to think of 
excluding it from the lift, and faying that impuifion is 
the only power in nature, and the fource of all preffure. 

It may perhaps be faid, that the mutual immediate 
adion to which the vulgar, and many philofophers, 
have erroneoufly given the metaphorical name preffure, 
is indeed the real caufe of motion, or change of mo- 
tion ; but ftill it is now properly called impuifion, 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 impuifion. 
Since matter is impenetrable, we fee clearly that a fo- 
lid body, or a folid particle, cannot proceed without 
difplacmg the bodies with which it comes into contad ; 
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- 

remains entire. What contrivance of impelling fluid 
will explain this, or give us any conception of the total 
ceffation of this preffure, when the thread is broken, and 
the fpring regains its quiefcent form ? 14 

We can explain, in a moft intelligible manner,, why All pref- 
the hardeft preffure produces no feniible motion in ^o^pro- 
cafe referred to above. We can conceive, with fuffi-"°ce

P
a feru 

cient diftindnefs, a tube filled with fteel wires, coiled {ihle mo- 
up like cork fcrews, and compveffcd together into -,-oth uon. 
of their natural length. A tube of 10 inches long will 
contain too of them. WTile in this ftate, compreffed 
by a plug, we can fuppofe each of the iprings to be 
tied with a thread. Suppofe now that the thread of • 
the fpring next the pillon 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, 
becaufe the preffure aded on it during a very fliort time. 
But if two fprings have been fet at liberty at the fame, 
inftant, the preflure 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 fpaee.. Unbending 
four fprings at once, will glvc the pifton a.double veloci- 
ty (See Dynamics, Suppl. n° 95.) Now the enedofthe. 
motion of the fecond fpring is to keep tlie preffure of the 

fine 
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Tirfl ip aftion during a longer time, by following it, and 
keeping it in a ftate of compreflion. There is nothing 
fuppbfed of this kind in the cafe of llrong prelTure al- 
luded to ; and therefore no motion is produced when 
the obftacle is removed, except what the infenfible com- 
preffion produces by accelerating the body along an in- 
fenfible ipace. If all the 10O fprings are difengaged at 
once, the pifton will be accelerated through 100 inches, 
and will acquire ten times the velocity that one fpring 
can communicate. (Ad B. 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 a6ts in producing a confiderable 
motion. The whole procefs will be minutely confider- 
ed by and bye. 

Impuifionis We may now afk, how it is fo dear a point, that a 

clearly con- olld body in motion mull ddplace other bodies .? 'Phis 
ceive.l than f^cms to be the very point in queflion. Is the affirma- 
prtfTure. tive deduced from our 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 
preflure. It is by handling a thing, and finding that 
we cannot put our hand into the place where it is with- 
out difplacing it, that we know that it is material. All 
this is indicated to us by the feeling excited by our 
preffure. We feel this property always as an obltacle; 
and therefore fay, that by this property it refills our 
prelfure. Nay, there are cales where even the philp- 
fopher prefers this quality to impullivenefs ag 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 Ihows, 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 
fomething 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 inlide of the jar, and 
fills it. He fays that the prefiure of the water has 
driven the matter out by the hole ; and he confirms the 
materiality of what is expelled bv holding a feather 
above the hole. It is agitated, fhewing that the ex- 
pelled thing has impullivenefisy another property (he 
fays) of matter : what filled the jar was air, and air in 
motion is wind. The philofopher can exhibit forne 
new cafes, where fomething like impulfivenefs appears. 
A flender magnet may be fet on one end, the fouth 
pole, for inilance, and will Hand in that tottering fitua- 
tion. If a perfon bring the north pole xif a powerful 
magnet haflily near the upper end, it will be thrown 
down, juft as it may be blown down by’ a puff of wind ; 
therefore (fay's the philofopher) there may7 be appear- 
ances of impulfion, and I may imagine that there is 
impelling matter ; but nothing but matter excludes all 
other matter from its place : this property, therefore, 
is the fureft tell of its prefence. 

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 preflure does ; for 
it is the fame, or indicated by the fame fenfations. 

The qtieftion now7 feems to be reduced to this—Since 
tranduhng tbe ftrongeft preflure of a quiefcent body does not pro- 

force^oHn ^uce mot;IOP» or excite that kind of preflure which is 
herent mo- the immediate caufe of motion, while a body in mo- 
tion. 
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tion, exciting but a very moderate prefTure (as may be rmptilCoa, 
feen by the trifling comprefijion or dimpling), produces a v * 
very confiderable motion, how is the previous motion 
conducive to this purpofe ? The anfwer ulually 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 loll, and that a portion of it pafies 
into the other body, and the two bodies inftantly pro- 
ceed with the fame quantity of motion that was in the 
impelling body alone. This is an exadl enough narra- 
tive of the general fadl, but it gives no great explana* 
Hon of it. If the impelling body perfeveres in its mo- 
tion by means of its inherent force, that force is ex- 
erted in performing its office, and can do no more. 
The impelled body feems as much to poflefs an inherent 
force ; for the fame marks and evidences of prefiure 
on both tides are obferved in the collifion. If both 
bodies are foft or compreffible, both are dimpled or 
comprtfled. We are as much entitled, therefore, to 
fay, that part of the force by which it perfeveres at 
reft, pafles into the other body. But the reft, or quief- 
cence of a body,* is always the fame ; yet what paiTes 
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, paffes through the points of 
contadl, and is diftributed among the particles of the 
impelled body ; nay, we cannot conceive this halving, 
or any other partition of the force. Is it a thing 
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 ot frefh water is put into 
contadl with a quantity of brine ? We have no clear 
conception of this ; and therefore this is no elucidation 
of the matter, although it may be an exadl ftatement 
of the vifible fact. 

L.et us take the dimple ft poflible cafe, and fuppofe This in- 
only two particles of matter, one of which is at reft, v“lv_e» ab- 
and the other moves up to it at the rate of two feet *uidlties* 
per fecond. The event is fuppofed to be as follows : in 
the inilant of contact, the two particles proceed with 
half of the former velocity. Now this inftant of time, 
and this precife point of fpace, in which the contadi is 
made, is not a part of either the time or fpace before 
collifion, or of thofe after collifion ; it is the boundary 
between both ; it is the laft inftant of the former time, 
and the firft inftant 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 ? la 
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. And 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 one 
foot per fecond. This feems inconceivable or abfurd. 18 

It is not perhaps very clear and demonftrable, nor IniPulfixe- 
is it intuitively certain, that the moving body or par-nef?is not 

tide mull difplace the other at all. AH that we know property1!! 
is, that matter is moveable,, and that caufes of this matter. 

4 G 2 motion 
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Impulfion. motion exift in nature. When they have produced 

1 " v this motion, they have performed their talk, and the 
motion is their complete efFeft : the particle continues 
in this condition for ever, unlefs it be changed by fome 
caufe ; but we do not fee any thing in this condition 
that enables us to lay what caufes 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 fufficient or adequate caufe ? Is it certain 
that the arrival at another particle is a.) adequate caufe ? 
or can we prove that this will not Hop it altogether ? 
The only conclulion that we can draw with any confi- 
dence is, that “ two particles, or two equal bodies, 
meeting with equal velocities, in oppofite direftions, will 
i!op.,, But our only reafon for this conclufion is, that 
we cannot affign an adequate reafon w'hy either fhould 
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 pojfible refult. This can hardly be affirmed in the 

xp prefent cafe. 
But an ob- We apprehend that the next cafe, in point of fim- 
ierved fa<5t. p]jcjtyj has ftill lefs intuitive or deduftive evidence; 

namely, when bodies meet in oppofite directions with 
equal quantities of motion. It is by no means eafy, if 
it be at all poffible, to fhew that they mult (top. The 
proof proceeds on fome notion of the manner in which 
the impullion, exerted on one particle, or on a few of 
each body, namely, thofe which come into contaCt, 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. Nowf, it is fo far from being 
clear, how a force impreffed on one particle of a foiid 
body occafions an equal portion of itielf to pafs into 
every particle of that body, and impel it forward in 
the fame direftion, that the very authors who affiime 
the prefent propofition as an elementary truth, claim 
no fmall honour for having determined with precifion 
the moving forces that are exerted on each particle, and 
the circumftances that are neceffary for producing an 
equal progreffive motion in each. It was by no means 
an eafy problem to fhew, that the motion of the body 
(efiimated by an average taken of the motions of every 
particle) is precifely that which is announced by this 
propofition. We mull alfo confider how this inveiliga- 
tion is conduCled. It is by affuming, that whatever 
force connefts a particle a with a particle b, or what- 
ever force a exerts on b, the particle l exerts an equal 
force on a in the oppofite direction — Surely no logi- 
cian will fay that this is an intuitive truth. The con- 
trary is moil diftin&Iy conceivable. It wras a difeovery 
of the aitronomers, that every defledtion toward the 
fun is accompanied by an equal defkdiion of the fun. 
It was a difeovery, that a piece of iron attradis a load- 
itone ; anti it w'as a dfcovery (and w'e dare not yet af- 
firm it to be without exception), that every adlion of 
bodies is accompanied by an equal and contrary re-ac- 
tion. But this is by no means a firft principle. It is 
the expreffion of a moil generally obferved iadt, 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 dodtrines of force 
inherent in moving bodies, of force of inertia, of com- 
munication of motion, &c. 
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The impoffibility of conceiving the detachment of Impulfion, 

part of the force inherent in A, and transferring this —-y— 
part into B, and the fimilar impoffibility of conceiving 
the imparting to B fome of the motion that was in A, 
fhould make us rejedl any propofition involving fuch 
conceptions, and refufe its admiffion as an elementary 
truth. Much more Ihould we rejedl a propofition that 
obliges us to fuppofe that a particle of matter has twm 
determinations, forces, motions, or call them by any o- 
ther name, in one and the fame inftant. One of thefe 
neceffarily excludes the other. Indeed this was fo evi- 
dent, even to the mod eminent partizans of the doc- 
trine of the transfufion of inherent force, and others 
confequent on it, that they found tbemfelves obliged to 
deny that there was fuch a thing in the world as a 
perfedlly hard body, in which the motion muft be in- 
flanta.neoufiy changed into another, differing from it 
by any fenfible quantity. The exillence of perfedlly 
hard bodies is pofitively denied by the celebrated ma- 
thematician of Bafle, John Bernoulli, in his Differta- 
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 rejedlion is lingular, 
and fomewhat amufing. “In the collilion of perfedlly 
hard bodies, the confervatio virium vivarum, demonflra- 
ted by the moll eminent mathematician (Mr Leibnitz), 
to be a law of nature, would be broken without any 
effedl being produced. He does not obferve, that it 
is as completely broken by elallic bodies in the in- 
ftant of greateft compreflion. A Britifh philofopher, 
nullius actdicius jurare in verba magijlri, alked, What 
will be the cale of two encountering atoms of mat- 
ter ? Without calling them hard, we muft conceive 
that they acquire their changes of motion in the in- 
ftant of mutual contadl, and that they acquire them 
totally, being xto.uoi, indivifible. No anfwer has been 
given, or indeed can be given, but wffiat implies the 
fame difficulty. From all that has been faid, we muft 
conclude, that this branch of mechanical philofophy 
is not put, by thofe philofophers, into the condition of 
an elementary foundation of clear and demonftrative 
fcience ; that the transfufion, or transference, either of 
force or motion, is not a thing of which we have a dif- 
tindl conception ; and that it necefiarily leads us into 
very untenable dodlrines. Far lefs does it feem fafe for 
us 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 preffure. 

All this difficulty and obfeurity has arifen from our 
arrogant notion, that we are competent judges of firft 
principles ; whereas wc muft acknowledge, that we can 
only perceive fuch as are properly related or accommo- 
dated to our intelledlual powers : thefe powers, being 
fpecific and peculiar, cannot judge of principles of the 
firft clafs, but of thofe only that are fuitably compound- 
ed. We can never know or comprehend any effential 
property of matter—we can only know the relative 
properties of fuch matter as five fee. 

Therefore let us quit entirely the barren and tracklefsTherefore 
fields of abftracftion, and reft fatisfied with contemplating10 he learn- 
<what the Author of Nature has exhibited to our view>eurervink^ 
and fuch as he has been pleafed in his wifdom to exhi-„ature, 
bit it. We grant that there are no bodies open to 
our infpedlion which are perfedlly hard, receiving finite 
changes of motion in an inftant. It has not pleafed 

God 
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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 obferver.—A Newton, to whom “ 'Jvvts omnia 
plena” a Daniel Bernoulli, were rapt almoft into eclta- 
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, and from day to day, 
Should its Creator’s power dilplay. 

Det the unhappy La Place confider thefe properties, 
which enfure the permanency of the folar fyilem 
through ages of ages, as proofs of fatalifm, as qualities 
cliential to matter. But this Gallic torch effaces the 
bloom of life from the univerfe, the expreffion of the 
Supreme Mind which fhines from within; and it fpreads 
over the countenance of Nature the ghaftly palenefs of 
univerfal 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 lilten 
to the conjectures of him who had already difcovered 
fo many, and who endeavoured to remove the veil which 
concealed the reft. 

Newton, in his maturity of judgment, after having 
collected much information from his unwearied expe- 

1 riments in magnetifm, in chemiftry, in optics, &c. laid, 
that “ he itrongly fufpedted, that, in the fame man- 
ner as the bodies of the folar lyftem were connected 
by gravitation, fo the particles of fublunary bodies 
were connected together, and affedted each other, by 
means of forces which adted at fmall, and, in many 
cafes, infenfible diftances ; producing the phenomena 
of cohelion, in all its forms of hardnefs, elafticity, 
dudfility, foftnefs, fluidity, by which their mechanical 
adtions on each other were modified and regulated.” 
Father Bofcovich, one of the firft mathematicians of 
Europe, was the firft who gave this conjedture of New- 
ton’s the attention that it fo highly deferved. Other 
writers indeed, fuch as Keill, Freind, Boerhaave, &c. 
took occafional notice of it, and even made fome ufc of 
it in their attempts to explain fome complicated phe- 
nomena of nature. But they were fo carelefs in their 
employment of Newton’s conjedlure, fo completely ne- 
gledled his cautious manner of proceeding, indulged 
fo wantonly in hypothetical afiumptions, and reafoned 
fo falfely from them, that they brought his conjedlure 
into difcredit. Bofcovich, on the contrary, copied 
Newton with care, and fecured his progrefs as he 
advanced by the aid of geometry; eftablifhing a fet 
of uncontrovertible propofitions, which muft be the in- 
evitable refults of the premifes adopted by him. He 
then proceeded to compare thefe with the phenomena 
of nature ; and he fhews that the coincidence is as com- 
plete as can be defired. All this is done in his Theoria 
Philofophia: Naturalis, 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 
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When God of its applicability to the purpofes intended. His ap- Ihipulfion. 

plication to the produclion of motion by the collifion-y—J 
of bodies, is peculiarly fatisfadlory. But as the work is 
written chiefly with the view of gaining the approba- 
tion of perfons well initrudted in natural philofophy, it 
can hardly be called an elementary work, or be employed 
for the inftrudtion of perfons entering on the ftudy. 
V e fhall attempt to explain this important law of me- 
chamfm in a way that will give our readers a diftindt 
notion (and, we apprehend, a juft one) of the proce- 
dure of Nature 111 all the cales of impulhon that toe 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 diftindtly cjdencd, 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 diftindlnefs: but the limilarity 
to the former cafe is concluded by fo fair analogy, that 
we imagine no perfon will controvert it. We ihall be- 
gin by attending to the manner in. which two magnets 
m motion affedl 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, fuppole two magnets, A and BHate xxis. 
(fig. 1.) equal in weight (in the firft inftance). Let 2.a 

them be made to float on water, by placing' them on 
pieces of cork. Let them he placed with their north mutual act 
poles touching each other. Let A be held faft, apd lettion of 
B be at liberty to move. We know that it will gradual-maSnet*« 
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 purpole 
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 flen- 
der fpring applied to its remote end, we fhall obferve 
that the fpring is bent back a little, juft as if we were 
pufliing away the magnet gently with the finger; and we 
obferve, that the bending of the fpring is fo 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. This force is analogous, therefore, to the weight, 
the preffure 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 faff. I herefore 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 Jljould refult 
from the adtion 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 fhall find the 
motions preeifely 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 contadl with A, we place 
it at a diftance from it, and pufh it toward A with an 
initial velocity^ fomewhat leis than it would have ac- 

quired. 
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quir^d in that place by it? recefs from A, we (hall 
find that it will approach A with a motion gradually 
retarded, till it rtop at a fmall diftance from A ; and 
will now recede from it again with an accelerated mo- 
tion. In fhort, we fhall find that its whole motion to 
and from A is precifely the fame with what refuits from 
a iimilar computation by n° 93 of Dynamics. 

The whole of this phenomenon is conceived by every 
beholder, who has not imbibed fome peculiar theory of 
a flream of impelling fluid, as the indication and effeft 
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 fall, 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 affedt each other’s 
motions, and are thought, and faid, by all to repel each 
other. The effect appears curious, but excites no far- 
ther thought in mod minds : it is only the fpeculatift 
that begins to fufpedt that he has not conceived it pro- 
perly. 

Nowr, let us fuppofe that B is afloat on the furface 
■of the w'ater, and at red 5 and that A -is pufhed to- 
wards it, by a fingle droke, cauiing it to move io mo- 
derately that it {hall not drike B, but have its motion 
dedroyed by the repuition before it reaches it; and let 
us farther fuppofe, that the initial velocity of A was 
exadtly meafured—the fail will be as follows. As foon 
as A comes within a certain didance of B, its motion 
begins to be affedled ; it gradually dimiuilhes, and 
at length it ceafes entirely, and A remains ever after 
perfectly dill. But it is alfo obferved, that in the in- 
ftant that A flackens 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 refidance of the water brings it to red ; 
perhaps at a confiderable didance from A.. This ex- 
periment is very amufing, and the initial velocity of A 
may be increafed in each fucceeding trial, till at lad it 
drikes B. Even then the general appearance remains 
the fame : A is brought to red and remains at red, 
neither refiling nor advancing forward ; and B moves 
off with the initial velocity of A. What we wilh to 
be particularly noticed is, that as long as the initial ve- 
locity of A is lefs than a certain quantity (depending 
on the dfength of the magnets), the motion is com- 
municated to B, or, to exprefs it more cautioufiy, mo- 
tion is produced in B, without any thing happening 
that can get the name of impuliion with propriety'. 
In the ordinary conceptions and language of mankind, 
impulfe always fuppofes aAual contaft ; and impulfion 
is equivalent to a blow or a ilroke. Both of thefe 
are indeed metaphorical terms, as well as impulfion. 
Perhaps the word “ to hit,” expreffes this particular 
cafe more purely, and it is perhaps without any figure, 
and is the appropriate word. We do not Ipeak at 
prefent of the conception and language of philofo- 
phers, but of perfons taking an unconcerned view of 
things, without any intention of fpeculating farther a- 
bout the matter. 

Appearances perfe&ly fimilar 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 
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touching, and if, after having ele&rified them fo that hnpuHi'olt. 
they repel each other to fome diftance, we draw one of —"v 
them, which we lhall call A, confiderably afide from 
the perpendicular, and then let it go to fvving like a 
pendulum ; we lhall obferve, that inllead of accelerating 
till it reach the lowell point of its vibration, its motion 
will be retarded; it will Hop entirely when its thread is 
perpendicular, and will remain at reft. 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 Hate ; and with this it would proceed for 
ever, were ft not riling like a pendulum in the arch of 
a circle. The general fatt is the fame as in the cafe 
of the magnets. The moving body is brought to reft, 
in which llate it continues, and the quiefcent body 
moves off with ah ultimate velocity, equal to the initial 
velocity of the other ; and all this happens without con- 
tail or impulfion, but is produced by the mutual re- 
pulfion of the electrified bodies. 

If this general fail be compared with what happens 
in the collifion of two billiard balls, it will be found 
perfeilly fimilar in every refpeil, but that of the coa- 
tail and the impulfion, properly fo called. The im- 
pelling ball is brought to relt, and remains at reft ; 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 
mull greatly affift us in our conceptions of what paffes 
in the rapid, if not inllantatieous, produilion of motion 
in a billiard ball, by hitting it with another. In the 
cafe of the magnets, we perceive, and can difcriminate, 
a progrelfive train of changes, which terminate in a fi- 
nal change, perfeilly Iimilar to the change in the im- 
pulfion of the billiard ball. This will juftify a very 
minute attention to, and llatement of, all the circum- 
llances. 

Let us attend to the procefs of - this operation, and Firft cafe, 
the produilion of motion in the magnet originally at moving 
reft, and the abolition of it in the one originally in mo-t®'va£l ^ 
tion ; and let us refkil on what paffes in our minds 
when we try to explain it to ourfelves. The trials men- 
tioned at firft, when one magnet was held fall, Ihew us 
that each magnet repels or avoids the other, and that 
tins action is found to be equal on both fides, produ- 
cing equal compreffion of the fpring employed for af- 
certaining the intenfity of this repulfion when the di- 
llances are the fame. This is the fail. It is no lefs a 
fail, that equal moving forces, fuch as equal preffures 
mull be fuppofed to be, produce equal changes of mo- 
tion in their own direition. Therefore, as foon as A 
comes to fuch a diftance from B that the mutual ailion 
takes place, both magnets are affeiled, and equally af- 
feited ; that is, equal changes of motion are produced 
on each, but in oppofite directions. The motion of 
A is diminilhed, perhaps Part; in °f a fa- 
cond, and (let it be carefully remembered) while A 
paffes over a certain fpace, fuppofe the 10th of an inch. 
During this fmall portion of time, B acquires as much 
motion as A lofes. This is not the motion loll by A. 
This is inconceivable ; for motion is not a thing, but 
a 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 almofl imperceptible 

motion, 
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fmfmifion motion, that is gradually accelerated from nothing. 
Since A is moving falter than B, it mult Hill 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, and will add a greater velocity to that already acqui- 

and fee the fmpulfion. 
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red byr B. And thus, in every iucceeding minute por- 
tion of time, the motion of A will be more and more 
diminished, and that of B as much increafed, by the 
equal, though continually increafing, fimultaneous re- 
pullions adting in oppofite directions. It is evident, 
that it is poltible that the velocity of A may be fo 
much diminifhed, and that of B fo much increafed, that 
the remaining velocity of A lhall he juft equal to the 
acquired velocity of B. Till this happens, the diftances 
of the magnets have been continually diminiihing ; for 
A has been moving falter than B, and gaining on it. 
If the operation of the mutual repuliions could be Hop- 
ped at this initant, botli magnets would move forward 
for ever with equal velocities. 

It is of particular importance to know' what tin's 
common velocity is. This is determined by our previ- 

■velocity x- ous knowledge> that the magnets repel or avoid each other with equal forces. Thefe forces may vary by a 
variation of diHance ; but the force a&ing on A is al- 
ways equal and oppofite to the force afting at the fame 
time on B. T. his is the uncontroverted fa6t (the autho- 
rity for which Hi all foon be confidered). Thefe equal 
forces mull therefore produce equal and oppofite chan- 
ges of motion. The motion acquired by B is equal to 
that loH by A. But the magnets being fuppofed equal, 
and moving with equal velocities, they have equal quan- 
tities of motion. Therefore the motion acquired by B, 
or that loH by A, is equal to what remains in A ; that 
is, A has loH 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 difeufiion 
that we fuppofed the magnets to be of equal weights. 
But it is almofl equally eafy to afeertain what this com- 
mon velocity will be in any other proportion of the 
quantities of matter in A and B. It is a matter of un- 
excepted experience, that whatever be the weight or 
Hrength of two magnets, their actions on each other are 
always equal. Therefore the fimultaneous force muH 
always produce equal changes of motion in the two bo- 
dies. But the change of motion is exprelfcd by the pro- 
du£t of the quantity of matter and the change of velocity. 
Iherefore let A and B reprefent the quantities of mat- 
tei 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 loH by A is 
a — x- Therefore we mufi have B x = A X a x, 
rr Art —A*; and A <2 == A * -f B *, = A + B X.*, 
and x = —The common velocity is therefore oh- 
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attention fixed on the Heps of procedure, 
connection of each with the caufes. 

W e fliall find that this period ot 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 doCtrine 

25 ‘ 
Namely, x 
_ A X* 

A -f Ji tfned h dividing the primitive quantity of motion by the 
fum of the quantities of matter. 

1 his may be conceived more compendioully 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 velocity muH be had by 
dividing this quantity of motion by the whole quantity 
of matter. But wc wiflied to make the reader keep his 

r • . » * 4  til UllV. Hit or impuihon; indeed they almofi Comprehend the whole 
of it. 
. ■^llt ^1IS 13 a that cannot continue fora moment t, , 
m the example before us. The repuliive or evafive does not 
oi ces are Hill aCIing on both magnets, and Hill dimi- continue, 

nmi the motion of A, and equally increafe the motion anc* t^le 

of B. Therefore the velocity of A, in the very next Tasne
f
cs 

moment, muH be left than that of B ; and B has, du- F 

ring this moment, gained on A, or has removed farther 
from it. Tin's continues ; A is Hill retarded, and B is 
accelerated ; and therefore gains more and more upon 
A, or feparates farther and farther from it. This mull 
continue as long as the mutual repulfions are fuppofed 
to act.. 1/we fuppofe that the ferfible a ft''on of thefe 
forces is limited to fome determinate dittance, the mu- 
tual aftion will ceafe when B has got to that diftance 
before A. We may call it the inadive diftance. After 
tlns, A and B will proceed with the velocities which 
they have at that inftant. Let us inquire into thefe ft- 
nal velocities; and thus complete our acquaintance with: 
the procefs. 

• ^ e- i*1 18 1'mPort:ant) that the magnets are Th/rniru in their Hate of greateit proximity at the inHant of their nu n velo- 
movmg with a common velocity, and that after this c*ty's at- 
they gradually feparate, till they are again at their in-t?it,?d,1

at 

aftive diHance. During this reparation they attain dif- ofneafdV 
tances from each other equal to what they had during approaclv 
the period of their mutual approach. At thefe diflan- 
ces the repulfions are the lame as before, and adf in the 
fame direftion. 'Therefore, in each moment of repara- 
tion, and at each diHance, A fuHains the fame diminu- 
tion, and B gets the fame augmentation of its motion, 
as when they were at the fame diHance in the period of 
their mutual approach. The fums total, therefore, of 
thefe equal augmentations and diminutions mufi be e- 
qual to the.augmentation and diminution during the ap- 
proach. 'Therefore the whole diminution of A’s mo- 
tion muH be double of the diminution fuflained during 
the approach ; and the whole augmentation of B’s mo- 
tion muH, in like manner, be double of that acquired 
during the approach of A. Hence we ealily fee, that 
when the magnets are fuppofed equal, A; mnfl be 
broBgUla rdl ; for the period of approach it had . 
lotf half of its velocity. It muH now have loft the 
who.e. lor imnlar reafons B muH finally acquire the 
primitive velocity of A ; for in the inHant of greateit 
proximity, it had acquired the half of it 

Thus we fee that the equal mutual repulfious arc pre- R ’JL 
cfely adequate to the protU.aiou of the chauges of mo. is a ST 
tion that are ready oblerved ; and muH therefore he ad-ac1e(luate to 

mitted as-the immediate caufes of thefe changes. the obfer- 
It is equally eafy to afeertain the final velocitieft^af^' 

when the magnets are of unequal fizes ; for the equali-E^ 
ty of their mutual repulfions is not affefted by anv iu-when the 

equality of their magnitudes. Their feparations, and SequaL 
he changes of motion during thefe feparations, will be areUBe‘1U3L 

the fame with their approaches and- the correfponding 
changes of motion ; and the whole change on each will 
be double of the change fuHained at the inHant of 

greatdi 
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Jmputfion. gre&telVprQxlailty and common velocity, 

learn that the final velocity of B is 2 k, or 
2 A a 

the final velocity of A is — 
A — B X a 

A + B 
mitive velocity of A being a, and the common veloci- 

ty, in the inilaiit of nearefi approach being ^ , the 

A a  A a V> a — A a 
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Hence we rI herefore the csmmon velocity is had by dividing the fum of Impujflan, 

the primitive quantities of motion by the fum of the quantities ~ v-~— 
of matter. * 0 ^1 

But the repulfive forces continue to aft as in the for-vei0city =3 
raer cafe. The motion of A is (till more diminifhed, A -f-B £ 
and that of B augmented: Therefore the velocity of B 

and A+B’ 

For the pri- 

lofs of velocity is <2 — 
A+B A + B 

Bn Therefore the final lofs of velocity is 
A+ B 

and the remaining final velocity is a 

A n + B <2 B n 

2 Bn 
A+B’ 

2 Bn _ 
A+B’ ” 

A — B Xn 

30 
II. Cafe. 
Both mag- 
nets in mo- 
tion in one 
direction. 

A + B 

A + B 
mud now exceed the velocity of A, and the magnets^111 t*ie 

muit feparate. Reafoning in the fame way as in the 
former cafe, it is evident that the mutual adlion does [he change 
not ceafe till the magnets have feparated to their inac-is doubled 
tive didance from each other, and that the whole change*11 

of motion in each is double of the change that it had 
fudained when they were in their greateft proximi- 
ty, and moving with a common velocity. Thefe 
confiderations enable us to afcertain the final date of 

each. 
7 A + B 

Let us, in the next place, fee what will be the refult 
when both of the magnets are in motion at the begin- 
ning of their mutual aftion. And, fird, let both move 
in one direftion. Let A, moving with the velocity a, 
overtake B, moving in the fame direftion with the ve- 
locity b, lefs than a. Moreover, let the velocities a and 
b be fuch, that their differences a — ^ is fomewhat lefs 
than the fum of the velocities « and |3, which the mu- 
tual repulfions of the magnets would generate in them, 
if the magnets were placed in contaft, and allowed to 
recede from each other till they get beyond their afting 
didance. 

Thefe things being premifed, let the magnets be fet 
in motion in the fame direftion with the above-men- 
tioned velocities a and b. The magnet A mud gain on 
B, and at lad come fo near it, that the mutual repul- 
fions begin to aft on both. It is plain, that the mo- 
tion of A will be diminiflied, and that of B increafed, 
by equal quantities, during every minute portion of the 
time of their mutual aftion. It is alfo evident, that 
the velocity of A may be fo much diminidied, and that 
of B fo much increafed, that they fliall 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 extinguiffi, by afting on them through the whole 
didance which gives occafion to their aftion. There- 
fore the difference of the velocities is lefs than the furn 
of the velocity a, 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 repuliions, and confequent diminution 
of A’s, and augmentation of B’s motion, will gradually 
increafe, till the fum of * and ,3 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 indant, 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 oppollte chan- 
ges of motion in the magnets, as much is taken from 
A X a as is added to B X £ ; and the fum of A X <2, 
and B X£, is equal to the fum of A X x and B X *, or 
  A a + B £ 

* = A + B * 

rp, ... A a A b 1 he common velocity is B There- 
fore the change made on the velocity of A, at the in- 

dant of greated proximity, is a — or 

B X « b an(j ^ gna} velocity of A is a — 
A + B 

2 B X <2 
A + B 

In like manner, the change produced 

on the velocity of B is rz — b, or — 

Ax 
A + B 

A + B 

and the final velocity of 

+ 

B b + 

We may alfo obtain the final velocity 2 A Xa — 
A + B 

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 ,2 — is zz 

a — 1 X <2 b, = a + 
A + B 

b, zz b : and b + 
A X a — b rz£ + I X a — b, — b-\-a — b,~ a. 

3i 

A + B 
This cafe is eafily fubjefted to experiment, and will be 
found fully confirmed, if we take into account the re- 
tardations occalioned by the refidance of the water to 
the motions. 

Let us, in the next place, fuppofe the magnets to be Magnets 
moving in oppofite direftions with the velocities a and moving in 
b ; and (in order that the magnets may not drike each'W?^ cil* 
other) let the fum of a and b be lefs than the fum of *; 
and 3, which the repulfions of the magnets would pro- 
duce by repelling them from contaft to their inaftive 
didance. 

As foon as the magnets arrive at their afting didance, 
their mutual and equal repuliions immediately begin to 
diminifh both of their motions; and in any minute por- 
tion of the period of their approach, equal 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 
by their mutual repulfion, the mcg,ion of the other will A + BX-vz=AX<j + Bx£, and 
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Impnlflon^be deftroyed at the fame time, and both will be brought 

% to rdt. Were the repulfions annihilated at this inftant, 
they would remain at reft. But becaufe thofe forces 
continue their aftions, the magnets will feparate again, 
regaining, at every diftance, the velocity which they had, 
when at that d.'ftance, during their mutual approach ; 
and when they have reached their inactive diftance, they 
will have regained each its original momentum and ve- 
locity, but in the oppolite direction. This needs no 
farther comment ; but mull be kept in mind, becaufe 
this cafe has a precife counterpart in the collifion of fo- 
lk! bodies, meeting each other in oppolite directions 
with equal momenta. But if the momentum of one 
exceed that of the other, thus, if A X c be greater than 
B X then, when the maguet B is brought to reft, A 
has ftill a momentum remaining equal to A <2 B b. 
Having therefore a certain velocity, while B has none, 
it mult approach ftill nearer to B, and a ftill greater re- 
puliion 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 lofing motion, a time mult come 
when the motion of A is fo much diminilhed, and that 
of B fo much augmented, that they are moving with a 
common velocity in the diredtion of A’s primitive mo- 
tion. The reafoning employed in the foregoing exam- 
ples fhew us, that, in the prefent cafe alfo, this Hate of 
common velocity is alfo the ftate of the greateft proxi- 
mity, and that the magnets feparate again, till they at- 
tain their diftance of ina&ion, and that the total change 
in each is double of what it was in their ftate of great- 
eft proximity. 

To find this common velocity, recolledf, that when 
the momentum of B was extinguilhed,'that of A was 
ftill =z A a — B £. From what has been already laid 
on the other cafes, we know that when the common 

JO velocity obtains, the whole momenta are ftill equal to 
doubled by A a — B b. i herefore the common velocity x muft be 
the fubfe-   A a — B 3 
Client fepa- X—--5— 
ration. ft" . 

The velocity loft by A muft therefore be a  
A o — B 3 _ B X a -f- £ ^ r , , . ... 

> ———IT' an<* the “Iia^ veIocity will 
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1 he motions which obtain in the inftanf of grenteft Impul/lfm. 
proximity are precifely fimilar to what, are obferved in — 
the collifion of unehftic bodies. 

locity after collillon is always 

A a ~ B b 
A 4- B 

the fame or in oppofite dire&ions. 

Their common 
A a -+• B b 

ve- 

or tr: A + B 
according as the bodies were moving in 

. .   The final motions 
of the magnets are alio precifely ilmilar to what are ob- 
fervud in the collifion of perfectly elaftic bodies. We 
took the inftance of magnets, becaufe the objedt is fa- 
miliar; but we can fubftitute, in imagination, an ab-‘ 
ftradl repulfive force in place of magnetifm, and we can 
affign it any intenfity, and any law and limits oi action 
we pleale. We can imagine it fo powerful, that al- 
though its action be limited to a very fmall, and even 
infenfible diftance, it lhall always reduce the meeting 
bodies to a common Velocity before they come into ac- 
tual contact; and therefore without any real impullion, 
as impulfion is commonly conceived. 

There are fume farther general obfervations that may 
be made on thofe motions which are of importance. 

1. We fee that the changes of motion, and 
quently the adieus, are dependent on the relative mo-^arepro- 
tions only, whatever the abfolute motions may be : For portional 
changes are always as a — b when the bodies are nio-t0 the rela* 
ving in one diredtion, and as rt -f £ when they are mo-^ mu‘ 

confe- Thefechan. 

Now a ~tz b is the relative 

31 

Common 
velocity ~ 
t\e — B £ 
‘"’a ft- b” 
hut the 
change is 

ving in oppolite directions, 
motion. 

}• The change of velocity in each of the two bodies And
3,5ecj is inverfely asks quantity of matter, oris proportional procaily a"s 

to the quantity of matter in the other body. Thequaiiti- 

changes in A and B are B x tdndAx 
-ties oi mat- 
ter. 

A 4- A 4- B 
, 2 B X n -f- ^ rrl1 . . be a — —    The final motion of A will be 

.A. 4- k) 
in the fame direction as at firft, if a be greater than 

~2T otherwife it will be in the oppofite diredion. A 4- Jb 
In like manner, the change of velocity in Bis£-4- 

Aa-Bb 
4- B * ^ecau^e the former velocity b is deftroyed, 

and the new velocity is in the oppofite di- 
A 4- B 

reftion. This is = —, and the final velocity 

33 
"The chan- 
ges of mo- 
tion in the 

of B is — 

A 4- B 
3 A X<2 4- £ 

A + B 

Thus we have fhewn, in the cafe oTmagnets ading 
magnets on each other by repulfive forces, or aduated by for- 
are fimilar ces equivalent to repullive forces, how changes of mo- 

the^coT m tl0n a1"e Pro^uc?^’ which have a great refemblance to 
fionofbia. thofe which are leen in the collilioii of foiid bodies, 
dies. Suppl. Vol. I. Part II, 

A 4- B a 4- IT 
The changing forces being equal on both fides, pro- 
duce equal changes in the quantities of motion ; and 
therefore produce changes of velocity that are inverfely 
as the quantities of matter. / 

3. During the whole procefs, the fum of the momen-roN
3<5 

ta, or quantities of motion, remains the fame, if the vatio mo- 
bodies are moving in one diredion : if they are moving mento. 
in oppolite diredions, it is the difference of momentaRuM- 
that remains the fame; for in every inftant of the pro- 
cels equal changes of momentum are made in oppofite 
diredions. 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 fum remains unchanged. When 
the motions are in oppoiite 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 the quantity of motion, eftimated in one diredion’ 
is not changed by the equal and oppofite adions of the 
bodies. This is a ,particular cafe of a general law af- 
firnied by Des Cartes, that the quantity of motion in 
the univerfe remains always the fame when eftimated in 
any one diredion.' 

4 When the whole procefs is completed, the fu«nCoNfER. 
of the produds maue by multiplying each body by the vatic vi- 
iquare ot its final velocity, is equal to the furn of theKluM v,~ 
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 diftance from 
each other as when the mutual adion be 

5 H 
•an. There- 

fore, 
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Impulfxon- fore, during the procefs, each body has palled over an 
~~Y—fpace, and in every funilar point it lias been act- 

ed on by an equal force (pMiaugh this force be diffe- 
rent m different points of tins fpnce). j jierefoie, in 
every inftant, the finaultaueoys products of the quantity 
of matter by the momentary variation of the fquare of 
the velocity are equal on both fides ; and therefore the 
produfts of the quantity of matter by the whole change 
of the fquare of the velocity are alfo equal on both lides. 
See Dynamics, Suppl. n° 95. and 110. vvheie w — 

-Li; and therefore mvv zzfs, and w X V2 — ‘u2, or 
m 
„ X <vz Vz f fs- Now, fince thefe changes are in 
oppoiite direftions, as much is added to one produtl: 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 products of the 
fame quantities of matter by the fquares of the initial 
velocities. 

This is a particular cafe of the famous conservatio 
viriwm vivarum, claimed as a mighty difcovery by 
the partisans of Leibnitz, and afci ibed to him ; but 

Thefe two 
theorems 
are not 
<pri r.ciples, 
but general he has no claim whatever to the ddcovery. It 
fa&s. communicated to the Royal Society of London 111 1668 

by Huyghens, as one of the general laws of impulfion, 
obtaining in what he calls hard bodies. _ Several of the 
Leibnitzian fchool, indeed, extended it faither than 
Huyghens had done ; feme 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 the trouble of tracing 
the intermediate fleps of a complicated procefs. Ai- 
fured that thefe produ&s were invariable, the mathema- 
tician found it an eafy matter to ftate what conditions 
of the queftion infured this equality of products ; and 
thus the problem was folved. In this manner Daniel 
Bernoulli gives moil elegant folutions oi fome, other- 
wife almoft intractable, problems in Hydraulics. For 
fuch reafons, as a mighty aid in mechanical mveitiga- 
tion, the difcovery of Huyghens is extremely valuable. 
Its merit in this refpea isperfedly fimilar (though per- 
haps fomewhat greater) to Des Cartes’s obfervation of 
the confervatio momentorum. It. is alfo like the obfer- 
vation or difcovery of Maupertuis, which he calls the 
!aiv affmaUeJi action (indeed it is the fame under a dif- 
ferent afpeft), or La Grange’s law of virtual velocities, 
or D’Alembert’s law of equilibrium (f atiion all ot 
thefe are general fafts, laws by which the changes o 
motion are obferved to proceed. But their authors 
have vaunted them as principles, as caufes, from which 
to conclude eft'eas ; whereas they are really induaions 
from particular inilances. 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 
expifeation of famenefs in events, diverhfied by other 
circumdances. do not recollect any. author who 
has given what can be called a demonltration of it, de- 
ducing it from principles or laws itill more general. We 
apprehend that the prefent cafe of its truth has been 
fo deraonllrated by us. The principle is, that “ a mo- 
ving force is to be meafured by the change of motion 
produced by it And the law to which this principle 
fs applied is> that “ the mutual repulfions of magnets 

are equal and ©ppofite and the application is made hnpnlffon, 
by means of the “ 39th propolition of the firll book of' v 

Newton’s Principia” Our principle, which is the fame 
with Sir Ifaac New ton’s feegnd law of motion, is really 
an axiom of human thought. The propofition is the 
confequence logically drawn from this axiom; and the 
law of magnetilm is an obferved fa<St. We hope to 
fliew, by and bye, that this propoiition, 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 expreffing the propofition. Having done this, we 
fhall not think ourfdves chargeable with vanity when wc 
fay, that we have given the firll demonftration of this 
famous law. We cannot refufe ourfelves 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 ot moving bodies 
by the fquare of the velocity which it communicates ; 
whereas it is the logical confequence of the force being 
proportional to thejimple velocity. W^e have only taken 
a weapon out of the hands of a plunderer, and reilored 
it to its lawful owner, Sir Ifaac Newton. P/on ita cer- 
tandi cupidus, quam propter amorem: For we mull fay, 

7m pater et rerum inventor, tu patna_ nobis 
Suppeditas precepta, tuifque ex, inclute, chartis 
Florifens ut apes in faltibus omnia hbant. 
Omnia nos itidem depafeimur aurea dicta 
Aurea, perpetud ftmper dignfftma vita. 

We trull that our reader will not think that this mi- 
nute difeuffion of the mutual aflions of magnets or 
other repelling bodies, in which we have engaged him, 
has been thrown away, fince 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 greateil vicinity and commoar y[s nj-ma 
velocity, there is a certain determinate lot's of the vi- bft in the 
res viva, or products of the matter by the fquarecdlifion^l 
of the velocity ; and this lofs is proportional to ^0(jjes^ 
fquare of the relative motion. The vires viva, at 
the commencement of the mutual aftion, aie - A.a- 
-f-Bi2(I.) In the moment of greateft proximity, 
the quantity of matter A -j- B is moving with the 

common velocity —^; therefore the vires viva A + B ’ 

Aa + B P 
are = A 4- B X    

A + B 
A1 a2 + B2 + AB X2ab 

pT+H 

A a -j- 
A 4- 

(II.) 

B P 
B 

I. x A + B = A2a2 + B2 £2 +• AB X u1 -M2 

II. X A + B = A2 a1 + B2^2 4- AB X lab. 
Difference - - * AB Xa bl. 

Lofs of vis viva ~ 
AB 

A 4- B X a — b1, a quantity 

that is proportional to a — b1, the fquare of the rela- 
tive velocity a — b. _ r i- &.• 

Had the bodies been moving in oppofite directions,. 
then (II.) X A 4- B would have been A2 a2 4~ B2 b1 

— AB Y. 2 a b, and the difference from A a2 4- B 3* 
X A 4- B would have been = AB Y a b1, propor- 
tional to the fquare of the relative velocity , 
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Phyficul 
caufe of 
this lofs. 
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. i3 the fa£f ; and we fhall find it of importance 
in the great debate about the force of moving bodies. 
Let us inquire into the phyfical or mechanical caufe of it. 
in the moment of common velocity, the bodies are nearer 
to each other than they are at the beginning and at the 
end of their mutual adion. Therefore (when they are 
moving in one dire&ion) the body A, which follows, has 
been leiarded through a fpnce which'is greater than the 
fpace along which the preceding body B has been accele- 
rated. But, becaule the fimultaneous forces ading on 
the bodies along thefe unequal fpaces are always equal, 
the area which meafures the diminution of the fquare of 
A’s velocity (Dynamics, n° 95.) mult exceed the a- 
rea which expreffes the augmentation of the fquare of 
B’s velocity, and there mu it be a lofs of vires W. 
Now, we learned above, that the mutual adion is the 
lame when the relative velocity is the fame ; aud there- 
ioie the approximation, which is the occafion of this 
adion, muft be the fame. And it is demonftrated in 
Dynamics, n0 95. that the area, whofe abfciffa is the 
fpace defcnbed, and ordinates the forces, exprelfes the 
fquare of the generated or extinguijhed velocity. This 
is evidently the relative velocity of the bodies' becaufe 
they are brought to a common velocity in the inftant 
of greateft proximity ; that is, their relative velocity is 
deitroyed. 1 

tion of tho S. punng the whole procefs, the common centre of 
common P°fltl0n °r Zrawlty (A) “^ving uniformly with the 

A. a r+n B b 

_ 39 
The mo 

velocity 
common 
centre of 
gravity is 
not chan- . 
ged by the poution is the average of the motion of every particle 
mutual ac- of matter in both bodies. A a is the fum of the mo- change of A’s motion was = 

A + B ‘ For the of the centre of the change of B’s motion was = A X a 

1 .. . A . 
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witli its motion when llteir mutual rtpulflin „ tli. tmutrltf-ti, 
greateh ; namely, at the moment of their greateft vici- ^ 
mty. It has continued the fame during the whole pro- 
cefs : For we have already fee 11, that the fum or diffe- 
iv-nce of the momenta, or A a B remained always 

the fame ; confequently or *, the motion 

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. 
any number of bodies be moving with any velocities, and in ‘ 
any diredions, the motion of the centre of pofiiion is not 
a feted by their mutual, equal, and oppofite, adlions on each 
other. » 

7. During the whole motion, the motion of the bo-Tlemo- 
dies relative to each other, is to the motion of one of'ions, in re- 
them, relative to the centre ofpofition, as the fum of the^a^on to 

bodies is to the other body : For when they were mo the CCn-tre’ 
vmg with a common velocity, this velocity was the "ally as the' 
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 diftances from the centre are inverfely as 
the bodies, their changes of diftance, that is, their mo 
turns relative to the centre, are in the fame proportion ; 
and the fum of their motions relative to the centre is 
the lame with their motions relative to each other 
I herefore A + B:A = « — b \ motion of B relative to 
the centre. Indeed we faw, that in their mutual adtfon, 

1 

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 adlions began. Therefore A a -J- B £ is the 
whole motions when the bodies are moving in the fame 
dire&ion 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 ve- 

velocity of each muft be -£7—-^. This is the ave- 

rage motion, or the motion of the centre of pofition, 
deduced from the notion we wife to imprefs of the cha- 
ra&er of this centre, as the index of the polition and 
motion of any affemblage of matter. This velocity 
may be deduced more eaftly 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 direftions, the ave- 

rage velocity * tnuft be = . Thus we fee, 

that the motion of the centre of pofition, before the 
magnets have begun to a& on each other, is the fame 

A -{- B 
BXa —1> 

and the 

tt . A + B * ence we learn, that while the centre moves uni-Theliodie* 
* 5 bodies approach it, and then recede from it, fejarate 

vyith velocities reciprocally proportional to their uuanti-with the 

ties ot matter. This will be found a very ufeful corol W r?Ia: 
Wy. We may alio fee that the* final vLity of mui^r 
ua. is equal to that of their firft approach, or, meyap- 

their relative motions are the fame in quantify after the Proachefe 
a&uon is over as before it began, but in oppofite direc- 
tions. • 

. AiI thefe g^eral fads, which are diftin&Iy appre- 
ciable, and very perceivable, in this example of mag. 
nets, or ele&ritied bodies, are equally appreciable in all 
cales ol mutual repiitftbns, however ftrong thefe may 
be ; and although the fpace through which they are ex. 
erted feould be fo fmall as to elude obfervation, and 
though the whole procefs feould be completed in an in- 
lenlible moment of time. 

It fcarcely needs any comment to make it clear that An 
he very fame changes of motion muft take place, if a p. fed 

loiid body A feould come up to another folid tody B/P^has 
at reft,, or moving more flowly in the fame dircaion’the fame 

or moving in the oppoffte diredtion ; provided that there 
be a fpring interpoled between them, which may hinderreruToa”! 

. 5 H 2 A 

(a) See the article Position in this Supplement: where it will be 1 .t, * . 
termined in the ufual manner) is the point by whofe lunation and motion v ^ Tu °f 8™iltY 
the jituation and motion of the affemblage, of which it is the'centre : it is therLf^Illed' thJ f 
t 1 on. The reader is only deiired at nrefent to recofea th»t *1 » . * AiT ^ called the centre of posi- 
fituated in the line joining their centres ; and that its diftance from^Lv is iuJeT?* °f tvvo bodlVR’ isi 

^ of‘I centre * tUe 
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Impulfion. ^ from ftnking 33 ; for, as {oon- as A. toucbes the 
v" v fpring, it begins to prefs it againil 13, and, therefore, 

to comprefs the fpring. It cannop carry tne fpripg be- 
frre it, without the fpring’s pufliing 13. be;ore it. i ref- 
fure on 13 is required for t-tns purpofe. 1 his is fupplicd 
by that natural power which we call elaftiqit.y, vvnieh is 
inherent in the fpring; whether it be in motion or at reft. 
I t is not ih ci-fiioii, but in capacity•, faculty ytapabuity,poivcr■, 
or by whatever name we may choofe to exprefs the poi- 
feffion.• Xheoccafion required for its. exertion is compref- 
fion. This-is furnifhed by the motion of A ; for A can- 
not advance without compreiTing it. 1 his inherent force 
of the fpring is Lnoiun to aft with perftftequality at both 
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ends, in oppoftte directions. It exerts equal and oppo 
fite preftures on A and on 13 ; it diminifhes the motion 
©f A, and equally augments the motion of B (it both 
are moving that way). A is retarded, and B is accele- 
rated ; A is ftill moving falter than B ; and therefore 
the compreflion and the confequent reaftion of the 
fpring inertafes, and ftill more retards A and accelerates 
B. After fome time, both bodies, with the fpringcom- 
prefied between them, are moving with equal velocities; 
the fpring, however, is ftrongly reafting on both, and 
muft now caufe them to feparate % ftill retarding A, 
and accelerating B —They muft feparate more and more, 
till the fpring regain its cmefcent form, and its elaitic 
reaftion ceafe entirely. During its reftitution, us pref- 
lures are the fame as during its compreffion, therefore, 
the whole change produced on each of the bodies muft 
be double of what it was when the fpring was in its ftate 
of greateft compreffion, and the bodies were moving 
with a common velocity. In fhort, the whole procefs 
in this example muft be precifely fimilar to that of the 
magnets in every circumftance relating to the changes 
of motion in A and B. The common velocity muft be 

— The final velocity of A muft be = a 
” A + B .   

— and that of B muft be = 
A + B ATB * 

The motion of the common centre muft be imaffefted 
by the aftion of the fpring, and the motion of each bo- 
dy, relative to the centre, muft be reciprocally as its 
quantity of matter, &c. &c. 

We apprehend that this procefs can fcarcely be call- 
ed impulfion ; A has not ftruck B. The changes of 
motion can fearcely be afcribed to forces inherent in A 
or B, in confequence of their being in motion.. Any 
perfon, not already warped by a theory, will (we 
think) afcribe them to a force inherent in the fpring ; 
inherent in it, whether at reft or in motion, and only 
requiring a continued compreffion as the proper oppoi- 
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 &«/)■’—it is the 
force of elajiicity, inherent in part of the body, but re- 
quiring a continued comprejfwn for thy produftion of a 
continued reprcfjion, Th^ effeft of this reaftion is mo- 
dified By the very occafion of the compreffion. This 
may be the elafticity of another fpring. In this cafe it 
will only comprefs that fpring.—It may be the advance 
of a body in motion j the reaftion produces a retarda- 

1 I 
tion of that motion; i_ —   
quiefcent body—it will give it motion ; or, it may be 
the ahftruftion by a body moving more flowly away than 
the fpring is prtfled forward—it will accelerate that 
motion. Thus, in all thefe cafes, we cannot help dif- 
tfnguifhing 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, elaftic, and therefore 
cotUpreffible. As foon as the bodies come into fen- 
fible contaft, compreffion mujl begin ; for we may fup- i)rocefs 

tn Kalis. wKirK will therefore pofe the bodies to be two balls, which will therefore change 
touch only in one point. The mutual preffure, which through 
is neceffiary in order to produce the retardation of A* 
and the acceleration of B, is exerted only on the fore'embody, 
moft particle of A, and the hindmoft particle B ; but 
no atom of matter can be put in motion, or have its 
motion any way changed, unlefs it be afted on by an 
adequate force. The force urging any individual par- 
ticle, muft be precifely competent to the'produftion of 
the very change of motion which obtains in that par- 
ticle. Except the two particles which come into con- 
taft in the collifion, all the other particles are imme- 
diately aftuated by the forces which conneft them with 
each other; and the force afting on any one is general- 
ly compounded of many forces which conneft that par- 
ticle with thofe adjoining. Therefore, when .A over- 
takes B, the foremoft particle of A is immediately re- 
tarded— the particles behind it would move forward, if 
their mutual conneftion were diffolved in that inftant ; 
but, this remaining, they only approach nearer to the 
foremoft ftriking particles, and thus make a comprei- 
fion, which gives occafion for the inherent elafticity to 
exert itfelf, and, by its reaftion, retard the following 
particles. Thus each ftratum (lo to conceive it), con- 
tinuing in motion, makes a compreffion, which occa- 
fions the elafticity to reaft, and, by reafting, to retard 
the ftratum Immediately behind it. This happens in 
fucceffion : the compreffion and elaftic reaftion begin irv 
the anterior ftratum, and take place in fucceffion back- 
ward, and the whole body gets into a ftate of compref- 
fion. Things happen in the fame mariner in B, but in 
the contrary direction, the foremoft ftrata being the 
laft which are comprefied. All this is done in an in- 
ftant (as we commonly, but inaccurately fpeak), that 
is, in a very fmall and infenlible moment of time ; but 
in this moment there is the fame gradual compreffion, 
increafe of mutual aftion, greateft compreffion, com- 
mon velocity, fubfequent reftitution, and final repara- 
tion, as in the cafe of bodies with a {lender 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 elafticity or the repulfion, and not by 
the transfufion of the force of motion. The changing 
force is indeed inherent in the bodies, but not becaufe 
they are in motion ; the ufe of the motion is to. give 
occafion, by continued compreffion, for the continued 
operation of the inherent elafticity. The whole pro- 
cefs may be very diftinftly viewed, by making ufe of 
bodies of fmall firmnefs, fuch as foot-balls, or blown 
bladders. If blown bladders are ufed, each loaded with 
fand. or fomething that will require more force, and confcquently 
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Impulfion. confequently more comprefiion to impel it forward ; we 

obferve the comprelnon of both to be very ccnfider- 
able, and that a very fenfible time elapfes during the 
procefs of collifion. This may even be obferved very 
diftinftly 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 fome time, and then the 
ftricken 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 
compreflion, 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 contact with this velocity, 

A art B £ 
which we have fliewn to be = —— —. 

Now, in the conftitution of fuch maffes of tangible 
matter as we have the opportunity of fubjefting to our 
experiments, we find a ftate of aggregation which very 
much refembles this. Some bodies are almoft perfectly 
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 moft bodies either do not recover it com- 
pletely, or they recover it very flowly—fome hardly 
recover it at all. A rod of iron will, when confiderably 
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ent fituations, and ftill cohere, it is plain, that when a Impuldon, 
body has been dimpled by compreffion, the particlesv— 
have nothing to bring them back to their fir ft fituation 
when the compreffing force is removed.; the utmoft 
elafticity to be expeCIed, is that which will not extend 
to one fhift of fituation ; therefore, the reftitution is 
altogether in fenfible. This is the cafe with all foft bo- 
dies, fuch as clay—the fame quality is manifefted in all 
duCfile bodies, fuch as lead, foft iron and fteel, foft 
copper, foft gold. ^ 

Now let one of thefe bodies flrike another. The com-Effedt 0f 
preflion, or the Aiding of the particles over each other, this colli- 
requires force, or mutual preffure—This being accom-^on* 
pained by a readtion 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 z±z B b will remain invari- 
ably the fame, and a common velocity will at laft ob- 

Aa+Kb ^ 
tarn, r= —A~^- *B—' ^ ie comPre“3on 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 coheftve forces inherent in the bodies; 
but not inherent in them becaufe they are in motion. 
We lee 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- 

bent, not nearly recover its fhape ; a rod of lead ftill trating into the pendulum, overcoming the cohefion as 
1 r and a rod of foft clay will hardly recover it in any it went in. this cohefion was aCting equally in both direc- lefs . 
degree. Thefe, however, are but gradatibns 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 G turns, it will untwift only i : and 
in this new form, it will twill and untwift one turn as 
often as we pleafe. Even a rod of foft clay, -Ath of an 
inch in diameter, and 7 feet long, will bear one twill 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, ufual- 
ly called unelaftic, will admit a fmall change of dilfance 
or fituation, and 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 
connedlions 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 confift of elaftic particles ; 
they manifeft perfedt elafticity, fo long as the forces 
employed to change their fhape do not remove the 
particles from their prefent contadts ; but if they are 
removed from thefe, they Hide 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 fadt ist fufficient 
for our prefent purpofe. Now, in this variable confti- 
tution, where the particles may take a thoufand differ- 

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 diredfions. By fuch a procefs, the 
pendulum was gradually accelerated, and acquired its 
utmoft velocity when the ball had ceafed to penetrate ; 

Therefore, this velocity muft be 

What fhould we now expedt to happen in the col- 
lifion of bodies ? Such bodies as exhibit perfedt e - 
lafticity, when examined by bending, or,* other fit- 
trials, fhould have their motions changed precifely like 
the magnets, or bodies which repel or avoid each 
other at fenfible diftandes. Bodies which exhibit no 
elafticity whatever, fttonld continue in contadt after 
coKiiiun. The common velocity in thefe fhould be 
A az±zYyb p 

—ATk~B ~^ perfectly elaftic bodies fhould fuftain 
changes of motion which are precifely double of the 
changes fuftained by unelaftic bodies, and fhould fepa- 
rate after collifion with a relative velocity of receis or 
feparation, precifely equal to their relative velocity of 
mutual approach. And bodies poffeffing imperfedt ela- 
fticity, ihould 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 refuk from the operation of thofe inherent 

forces 
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Forces of elafticity and cohefion, no other force 
w'itA rtVER CONCURS IN THEIR PRODUCTION I For 
we know that thofe forces do operate the collifion ; 
we fee the compreifion and rellitution which are their 
efie&ive daufes, and their immediate efFefts. If any 
other force were fuperadded, we fhould fee its efFeeds 
alfo, and the motioas would be different from what they 
art*. 

Now the faft is, that we have never feen a body that 
is not, in feme degree, compreJJjble. It Iras not pleafed 
the Almighty Creator to make any fuch here below. 

■Afluredly He 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 ihape and dirneniions. It is therefore no lofs what- 
ever to us, although we fhould not be 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 jolt as likely that their 
motions may refemble thofe of perfedlly elaftic bo- 
dies as thofe of unelaftic bodies ; for we find that bodies 
of the moll extreme hardnefs are generally highly elaltic. 
Diamond, cryfial, agate, quartz, and fuch like, are the 
molt elaftic bodies we know. Philofophers, however, 
rather think that the motions of perfectly hard bodies 
will refemble thofe of unelaftic bodies ; becaufe elaftici- 
ty fuppofes compreffion. We do not pretend to fay 
with confidence, what would be the motion of a fingle 
atom of matter (which cannot admit of compreffion) 
which is hit by another in motion. We fee all the par- 
ticles of terreftrial matter connedled with each other by 
certain modifications of the general force of cohefion, 
j’o as to produce various forms of aggregation ; fuch as 
aerial fluidity, liquid fluidity, rigidity, fortnefs, ducti- 
lity, firm nets or hardnefs ; all of which are combined 
with more or lefs elafticity. 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 preffiires 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 produClion of motion in another particle. 
But what would be the event of the meeting of atoms 
divefted of fuch forces, we profefs not to know, <>r even 
to conceive. 

The faClalfo is, that all the changes of motion, com- 
monly called impulfions, which have been obferved, are 

1 precifely fuch as have been deferibed. Unelaftic bodies 
0 , , . AarctBi ^ 

proceed in contact with the velocity —' Per" 

feftly elaftic bodies feparate after collifion, and each 
fuftains double of the change that is fuftained by an un- 
elaftic body. Bodies of imperfeft elafticity differ from 
the two Ample cafes, precifely in the proportion of the 
elafticity dii'coverable 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 progreffive motion exactly 
in this proportion, but the compreffions and changes of 
figure, which we confider as the immediate occafions of 
thofe aflions, are alfo obferved to b« in the fame propor- 
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tions, i?i all cafes that we can olf rve and mtafure with Inq?uUioiu 
accuracy. All thefe things can be afeertained with  v— 
great precifion by means of the coliifion of pendulous 
bodies in the way pointed out by Sir Chriftopher 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). 4s 

We muft alio infer from thefe fafts, that the a<ftionsEx'enfiv<» 
of bodies on each other are mutual, equal, and oppofite. Pr0 ^ !J10 

This is really an inference from the phenomena, and 
not an original or iirft principle of reafoning. The ti ri andrs- 
contrary is conceivable, and therefore not abfurd. in adlion. 
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 
eafy indeed; becaufe the contrary is fo famihar, that the 
one idea inftantly brings the other along with it. We 
apprehend it to be impoffible to demonftrate, that a 
leaden ball will not flop as foon as it hits the golden 
ball, or vice verfa. But all our experience fliews us* 
that the preffures exerted in contact are mutual, equal, 
and oppofite. The lame thing is obferved in the forces 
which connect the parts of bodies. A quantity of land 
or water balanced in a fcale will remain in equilibrio 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 retting 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 impulfions be what they are, if the 
preffures occafioned between the particles by the com- 
preffions and dilatations were not mutual and equal. 
This law of aftion and rea&ion muft be admitted as 
univerfal, though contingent, like gravity. Doubtlcfs 
it refults from the properties which it has pleafed the 
great Artift to give to the matter of which Fie has 
formed this world. There is one way in which we ca'n 
conceive, moft diftin£lly, 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 conftitutes it a material atom; it fol- 
lows, that every atom exerts the fame attractions and 
repulfions, or has the fame uniting and evafive tendencies, 
and then the law of aCtion and equal reaction follows of 
courfe. This is furely the very notion that any perlon 
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 
jubilances, the law of equal and contrary reaCtion feems 
nearly allied to the clafs of firft principles. 

Of all the phenomena that indicate this perfeft equa- 
lity of aClion and reaClion, the moft fufceptible of ac- 
curate examination is the famenefs or equality of aClion 
when the relative motions are equal. Now there is no 
phenomenon more certain than this. In conl'equence 
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 are on relative motions only. Now, 
v/e not only find that the u&ions of two bodies fubjec- 

. ted 
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tmpulffon. ted to experiment are equal when the relative motions 

v are equal, but we find that all our meafures of adtion 
on a Angle 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- 
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fluid to ciFedt thofe impulfions is quite unwarranted, Inipulfion. 
and the explanation is therefore unphilofophical, even ' 
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 mud aferibe that con-ImpuUion 
tented acquiefeence in the explanations of gravitation,fLiPP°fed 

A r . vi^- and other attractions and repulfions, bv means of im.t0 he bettce;: 
ducible from our expenments is, that the time prrfure pulfe (if the acquiefeence be not pretended), to the 
produces the fame change of motion, whatever may be quency and familiarity of impulfion, and perhaps tofamilhT 
the velocity. We know this by obfervmg, that when the perfonal fhare and interefl we have in this mode of 
the mutual dimpling or compreffion is the fame, the producing motion. We know that it is always obieft. 
change of motion is the fame, whatever be the hour of ed that nothing is explained, when we fay that A re. 
the day. i his could not be if it required a greater pels B, or that B avoids A ; but we muff fly in return, 

that nothing is explained, when we fay that A impels 
B by hitting it, or that B flies away from the ftroke. 
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 impuife, inertia ? All thefe terms 
only exprefs phenomena. Does the word body exprefs 
any more ? 

i be maxim, that a body cannot aft •where it is not, It Is no? 
any more than •when it is not, is a quaint and lively ex-better un" 
prelfion, and therefore has confiderable effeft : It mayderitood’ 
be granted ; for we apprehend that we underhand fo 
little about when and where, that we cannot demonftrate 
the affirmative or negative in either cafe, and that they 

,   —   *1. a gicater 
prellure to change the velocity i 00000 into 100001, 
than to change the velocity r into the velocity 2. Yet 
this is one of Leibnitz's great metaphyfical arguments 
for proving that the force accumulated, and now inhe- 
rent, in a moving body, is proportional to the fquare of 
its velocity. We beg that this may be kept in remem- 
brance. 

It muff be granted, that what we have already faid 
on the fubjeft 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, charafterifed, and meafured, by the 

7Na't',Whilhh f FffUCe!- 11 is a" law are o„ a par with Z ouT knowledge ofthSS' of Natuie, that preflures are movinrr forces : alio, that We er»n r.,-. el,.,,*,.- 1    r r o , of Nature, that preffures are moving forces ; alfo, that 
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 fhewn, how a certain fet of changes of 
motion refult from them, and have Rated diftinftly the 
whole procefs : we /hewed, that thefe phenomena are 
iirnilar to thofe of common impuliion j and we then 
(hewed in what manner the motion of a body gives oc- 

We can have no doubt, however, of the faft, that our 
mind can be affefted by an external objeft that is mere- 
ly recollefted. 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 affuredly know to the contrary, may affeft, o«- 
be affefted by, a diflant body, as well as mind may be. 
It is therefore worth while to pay fome farther atten- 
tion to the phenomena, in order to fee whether this ex- r , . r ■ . — J o ^ pucuuineiid, in oruer to lee whether this ex. 

TZil° th-;Xe,r °f r:,50US,m0V1^ forCe3’ called ™ ^ umveYM and unexpeaed as is believed. eia tictty* cohefion* See, cind tliat tins pvprrwm mnO- A a Ayfi- —j   r xt •. . elaftic.ity, cohefwn. Sic. and that this exertion muff pro- 
duce motions fimilar to thofe produced by repulfions 
a diftanti; and, laftly, we inferred, from the perfeft 
famenefs of thofe refults with the aftual phenomena of 
impuliion, that thofe corpufcular forces are the imme- 
diate and only caufes of the changes called impulfions, 
and commonly afenhed to a peculiar force inherent in a 
moving body. 

Yhyd7 From a colleftive view of the whole, we think it clear, 
jhel'attempt111 a^ .the °Pinion impullion is the foie caufe of mo- 
to explain ^lon ,s unwarranted. We fee that the phenomena of 
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As MV Cotes, and many of Newton's difciples, are ac- 
cufed of explaining many phenomena by attraftion and; 
re pul Ron which their opponents affirm to be cafes of 
impuliion ; it is not impoffible but that ordinary obfer- 
yers, who have no preconceived theories, may imagine' 
impullions to obtain in caies where a more accurate in-, 
fpeftion would convince them that no impuliion has 
happened. 

When we kick away a foot-ball, we confider it as aEnq^Tryin*. 
fort of folid continuous body ; yet we know that itt0t^eftmw- 
muff be filled with compreffcd air. It may not be im-!iarity of 

* * - - - . , 7 _ iniDuIfinn 
K, " , •• ~ Ui muil uc Iiiieu vv*lii compreiied air. It may not be ini 
gravitation,impulffm are brought about by the immediate operation poffible to have it of its round ffiape without bein^ foiT110011-* 

of Pre^ure ; and we fee numberlefs inffances of oreffure- filled : but we know that, in thi. , , Inftan^e* .of irby Jm' Prem,re ; and fee numberlefs inffances of preffure, piiluon . fn which we cannot find the fmalleff trace of impulfion. 
It is therefore a moft violent and unwarranted opinion, 
which aferibes to repeated unperceived impulfions all 
thofe felicitations to motion by which, or in confe- 
quence of which, the motions of bodies are affefted by 
diftant bodies, or bear an evident relation to the fitua- 
tion and diffance of other bodies ; as in the examples 
r 1 . 1 n „ 7; ’ — me mi dgcwuii uie anterior part or the han- and 

Hr,efIea o,; the 

filled: but we know that, in this condition, it woulda foot-balL 
not fly away from our foot by the ftroke y 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 
ftrongfy compreffed air, we can form to ourfelves 
a pretty diftinft notion how it is made to move off. 
Our foot preffes on a part of the ikia: this com* 
preffes the air againft the anterior part of the bag, and 

and eieftrical deflexions, and the like. There is nothing 
in the phenomenon of the preffure of gravity that feems 
to make impulfion more neceffiiry or more probable than 
in the preffure of elafticity, whether that of a fpring or 
cf aa expanfive fluid. The admiffion of an unperceived 

procefs, we can Hill conceive it clearly enough, by 
thinking on a row. of aereal particles, reaching f. ,m the 
part ftruck by the foqtto the anterior part, each touch, 
ing the other, and therefore forcing the anterior part 
forward,. 1 he air is conceived to confift. of a number 
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T'rry-Bifi'tn. of little fpKtrulejr In conta£l, each of winch is com- 
*irpYeffiHle ; and we think the operation illnlbrated hy 

fnppofint eat*li to be like a little veficle or bladder. 
This* we Ikdievk to be the lifual way of conceiving the 
{“ohftiVu*ion of expanfive flui-.h : But this will not agree 
?.t all with the known properties of air ; for it can be 
fn*f&]v derriuidt-ated, that if fuch a collection of eiaftic 
vehcles 'be compreffed into the half of their ordinary 
bulk, every veficle will be changed from a iphere into 

■ a perfeft cube, touching the adjoining cubes in every 
point of its fix fides, and ftrongly prefl’ed Sgainft them. 
It can alfo he demonftrated, that if a leaden cube of 
one inch be included in the box, and placed with its 
fides parallel to the fides of the box, and the compret- 
•fiori be then made, all the little cubic vehicles will ac- 
quire the fame pofition. If the box be now' turned up- 
hde'dowrt, it can be demonftratfed that the weight of 
this leaden cube will not be fufficient for overcoming 
the refutance of the compreffed cubes. Ibis compref- 
fed mafs will not be fluid, but will require a very eon- 
ftderable force to prefs the leaden cube through it, juft 

" as we find fuch a force neceiTary for moving a body 
through melted glafs : the particles no longer Hide on 
each other like uncompreiTed fpherules; each will re- 
quire about half of the compreffing force, in order to 
overcome the fridtion, or obflrudfion like fridtion, pro- 
duced in Hiding along the furface of the contiguous 
cubes. But we know that air remains perfedtly fluid, 
although vaftly more comprefled than this. 1 his, there- 
fore, cannot be like the conftitution or form of air. 
Moreover, it is well known that air has been made ten 
pi roes denfer than-its ordinary ftate, and is then perfect- 
ly-fluid. It has alfo been made a hundredtimes rarer, and 
it ft ill remains perfectly fluid. In this ftate its particles 
ikPft be ten times farther removed from each other than in 
the former ftate, of a thoufand times greater denhty. Yet 
we know that this rate air is compreffedwith a force equal 
to the weight of a ftratunt of mercury -id of an inch in 
thicknefa, and that if |d of this preflure be removed, 
it will expand till it is 150 times rarer than common 
ufr ; that " isj, there is fome force which pufties the 
particles ftiil farther from each other. I his foice 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 contaft of 
particles, w'hich are eiaftic like blown up bladders, but 
from fome force which extends beyond the adjoining 
particles. There is no greater reafon, therefore, for 
fuppofing, that the particles of air touch each other, 
than for fuppofmg that the two magnets touch each 
other becaufe they repel. A row of magnets floating 

•on quickfUver, and placed with their fimilar 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 Hop be gradually with- 
drawn the magnets will all feparate, and exhibit^the 
general mechanical effe£Is of a row of aerial particles 
ieparating by the removal of preflure. Ihereifeems, 
therefore, to be the fame neceffity for the operation of 
an intervening impelling fluid for producing this repa- 
ration or elalticity of the aereal mafs, as for feparating 
the magnets. 

Is vary The refuk of thefe remarks feems to be, that the 
doubtful, impulfion <of a foot-ball is not brought about in the 

way that is commonly imagined, by the excitement of 
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corporeal preflure at the points of contaift of the two Imptilfow 
foot balls. For we fee it almoit demonftrated, that the 
progreffive motion of the anterior part of oqe of the 
balls has been produced without contact, or, at leaft, 
by the intervention of repulfions acting at a tiiftanee.— 
May not this obtain, even in the points in, which we 
fuppofe the two balls abtualiy to touch, in the act of 
impulfion ? 53 

But farther —Every perfon has obferved the brilliant Many carea 
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 
contact with the leaf; if it were, it could have no bill-, 
Haney. Moll periuns have obferved the rain drops of 
a fummer fliower fall on the furface of water, and 
roll about for a few feconds, exhibiting the greateit 
brilliancy. They cannot, therefore, be in mathema- 
tical contaft with the water. There mull be a Imall 
diftanee between them, and therefore fome force which 
keeps them afunder, and carries the weight, that is, 
countera&s the downward preflure of the rain-drop. 
We know that fome infedls with long legs can run 
about on the furface of water ; and if we lift them care- 
fully, and let them on glafs, their feet do not wet it. 
Put a little fpirit of wine into-this water, and make it 
lukewarm, and the infedl inftantly finks up to the 
belly, and cannot move about as before : Its feet will 
now wet a glafs. A well-pohlhed Heel needle, even of 
conliderable iize, if perfedtly clean and dry, -will float 
on water without being wetted : It,is obferved to make 
a confiderable, deprellion on 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 pcevioufly wetted, it will not 
difplace any water, and will not float. There is fome- 
thing, therefore, which keeps the water at a diftance 
from the feet of the infebl, and from the needle,-exert- 
ing a certain upward preffure on them. The prelfure 
and the readlion are indeed very fmall; but they vvould 
produce a very feniible motion if continued iufliciently 
long in proper circumftances. Here would be a pro- 
duction of motion, which moft perfons would call an 
impulfion—yet there would be no ftroke, no contadl, 
and therefore no true impulfion. 

We now beg the reader to attend minutely to New- 
ton’s famous experiment with the objeft glafles of long 
telefcopes, which we have mentioned circumftantially 
in the article Optics, Encycl n° 63—68. ^ SA 

When the upper glafs is very thin and light, no co-Very re- 
lour appears at the point of contaCt : but by pref-markable^ 
ling it down with fufficient force, we lhall have a black “ i'eu^

n' 
or unrefle&ing fpot in the middle, fur rounded by a fil-faifeiy 
very ring, and then by a ffiries of rings of various ca-feeming tej 
lours, according to the diftance between the parts oftouch. 
the glafles where the colours appear. Newton has 
counted 50 of thefe rings. He Ihews, by a careful 
computation from the known figure of the glalfes, that 
the differences between the diilances which exhibit 
thefe colours are all precifely equal, and that each is 
about of an inch. Therefore, fuppofing that the 
glaffes are in mathematical contad where the unrefteCt- 
ing fpot appears, making one continuous mafs of gkiis, 
their diitance at the outermoft ring mutt not be lets 
than sll* of an inch, or ^ of an inch. Therefore, y when 
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Impulfion. when one glafs carries the other, without any appear- 

ance of colour at the middle, we unift conclude that 
there is a repulfion exerted between the neareft parts, 
at a diftance not lefs than of an inch, Efficient 
for fupporting the upper glafs. It requires an increafe 
of >reHiire to produce the firft appearance of colour ; 
and when the prefl'ure is ilill more increafed, new' co- 
lours appear in the middle, and the colour formerly 
there is now leen in a furrounding ring; thefe multi- 
ply continually, by new’ ones fpreading from a central 
|Pot- A great preffure at laft produces the unrefle&- 
ing fpot in the centre, .which, unlike to all the colour- 
td fpots which had'emerged in fucceffion, is fharply 
defined, and never round, but ragged, and it is imme- 
diately furrounded by a bright fdvery rehedtion. The 
ihape of this fpot depends on the figure of the fur- 
laces ; for, on turning the upper lens a little round its 
«xis, the inequalities of the edge of the fpot turn, in 
ioine degree, with it. This leemmgly trifling remark 
will be found important by the mechanician : A ftill 
farther increafe of prelfure enlarges the unrefkaing 
Ipot, and the dimeniions of all the rings When the 
prelTure is gradually withdrawn, tlie rings Ihrink in their 
diarenfions, the unrefleciing fpot difappears firft, and 
each ring in fuccelfion contradfs into a fpot, and va- 
n*ihes. Hete we nave, by the way, an explanation of 
the brilliancy of dew-drops ; they come lo near, per- 
haps, that the neareft: point refleds the filvery appear- 
ance but they do not touch ; the inftant that they 
touch a wetted part, making one mafs of tranfparent 

ss 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 glaffes afunder, 

a id even caufes them to feparate ; which mamfefts it- 
ftlf by withftanding preffure ; and therefore is, itfelf, a 
pi effure, 01 equivalent, to a preffure — It varies in its in- 
tenfity hy a change of diftance ; but we have not been 
able to afeertain by what law. It muff not be mea- 
fured by the Ample variation of the external preffure ; 
for fince wre fee that, even before any colour appears 
in the centre, the weight of the upper lens is fupport- 
ed, we muft: conclude that the glaffes are exerting at 
lead an equal force all around the circumference of the 
outermoft ring. It is evident, that the computation of 
the whole force, exerted over all the coloured furface, 
mull be difficult, even on the fimpleft hynothefis con- 
cerning the law of repulfion : we can only fay that it 
mcreafes by a diminution of diftance. It is very eafy 
to compute the increafe of external preffure, which 
W’ould iuffice if the repelling force were equal at all 
diftances; or if it varied according to any Angle power 
of the diftances. We have tried the inverfe limple, 
duplicate, and triplicate ratio ; but the fadt deviated 
widely from them all. The repulfion does not change 
nearly fo much as in the fimple inverfe ratio of the 
diftances, if the glalles be fuppofed to touch in tne 
whole furface of the unrefledling fpot. But we found, 
that if we fuppofe them feparated, 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 inverfely as the diftance, but Hill with 
U very confiderable deviation in the great preffures. In 
the courfe of a number of experiments with a favour- 
ite pair of lenfes, we broke the uppermofl by too 
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llrong a preffure. We then cut out of it, with a la fnoulfion. 
pidary’s hollow drill, a piece of | of an inch in diame- —>   
ter, and perfctUy round, and we fqueexed it on the 
other by a meaUired preffure, till we produced a colour- 
ids Ipot of nearly ^th of an inch in diameter, with a 
filvery margin. Computing from this, we thought 
ourfi Ives warranted to fay, that not lefs than Boo pounds 
are neceffary for producing a black ipot of one inch 
fquare ! 

Now, what is the confequence of all this in the doc-And may 
trine of im [Million ? Hu rely this ;—If a lump of thi»‘mPel Wlth* 
glafs ftrike another lump, and put it in motion, and ifl,ut t0Ucll‘ 
the mutual preffure in the ad of collifion do not ex-1"® 
ceed 700 pounds on the fquare inch, the motion has 
been pioduced without mathematical contad, and the 
prod ltd ion can no more he called impulfe than the 
motion of the magnet in our Aril experiment. The 
changes of motion have been the Operation of moving 
forces, limilar to the force of magnetifin ; and if a 
ft re am of truly impelling, fluid be neceffary for pro- 
ducing the motion of the magnet, it is equally necef- 
fary for producing the motion of the piece of glafs. 

It may be lin'd here, that we cannot compare impulfe 
and preffure. A flight blow will fplit a diamond which 
could fupport a houfe. A flight blow may therefore 
be enough for exciting all the preffure neceffary for pro- ' 
duemg mathematical contad. We muft here appeal to 
what every man feels on this occalion. We doubt ex- 
ceedingly whether any perfon will think that, when 
one piece of glafs gives another a gentle bfcw, and 
puts it into motion, with the velocity of a few inches 
per fecond, a blow which he diftindly hears, there has 
been exerted a preffure at all approaching to 800 
pounds per fquare inch—We have fufpendtd a pair of 
lenles, by an apparatus fo fteady and firm, that they 
could touch only at the centres of each furface ; and, 
having placed ourfelves properly, we could fee, with 
fufiicient diitindnefs, the momentary appearance of the 
coloured fpot at the inftant of collifion. We faw this, 
with the fulleft confidence that it was of no confider- 
ahle breadth in a moderate ftroke, and that it was very 
fenfibly broader when the ftroke was more violent. We 
did not truft our own eye alone, hut (hewed it to per- 
fons ignorant of phdofophy, and even to children, often 
without telling them what to look for, but afla'ng them 
what they faw. From all the information that we 
could gather, none of the preflures came near to what 
mu it have been neceffary for producing the black fpot. 
I Ins could not be miilaken : for although the outer 
rings are but faint, there are five or fix near the centre 
which are abundantly vivid for affecting the eve by the 
momentary flaffi. Befides, the dimenfions of the lenfes, 
and the weight of the metal cells in which they were’ 
fixed, were inch as muft have caufed them to iplit be- 
fore the black fpot could be produced in the centre. 

Tlrefe things being maturely confidered, we imagine 
that few perfons will now doubt the juftice of our af- • , J' 
fertion, that m all thde examples, the motions have beenfo! even* 
produced without mathematical (or rather geometrical) violent 
contact,—And we imagine alfo, that few will refufeftroke5* 
grantmg that this is not peculiar to glafs, hut obtains 
aifo in the collihon of other bodies. We have not 
thought of any method for putting this beyond doubt; 
but we have better reafons than mere likelihood for 
euig of this opinion. Every one acquainted with the 

5 I Newtonian 
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Newtonian difcoveries in optics, knows that this cu- 
rious appearande of the coloured rings is the confe- 
quence of the action of tranfparent bodies on the rays 
of light, by which thefe are bent atide from their rec- 
tilineal courfc, and that this deflexion takes place at a 
diflance 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 deflettions of the rays, 
bending them toward themfelves at one diftance, and 
from them at other diftanceS; in ftiort, attracting or re- 
pelling them as the diftance varies. Nothing but pre- 
poffeflion can hinder a perfon from afcribing fimilar ef- 
fects to fimilar caufes, and, therefore, thinking it al- 
moft certain that this mutual repulfion is not peculiar 
to glafs, but common to all folk! bodies. 

To all this we may furtly add the celebrated expe- 
riment of Mr Huyghens; in which it is evident, that a 
fmooth plate of metal attracts another, even although 
there be a filk fibre interpofed between them. (See 
jRAi/. Tran/. n° 86 ) Is it not highly probable, that 
at a fmafter diflance the bodies repel each other ? For 
we obferve, that metals, as well as tranfparent bodies, 
attra& the rays at one diftance and repel them at an- 
other. 

Impulfion Surely our readers will now grant, that the produc- 

mHk/a/fs t‘on of mot'on by irnpulfton, as diftinguiftied from the 
believed!1 produ&ion by action e dijlanti, is not io familiar a phe- 

nomenon as was imagined, and that it may even be faid 
to be rare in companfon : for the inftances of mode- 
rate impulfes are numberlefs. rfiie 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 inviiible fluids, in order 
to explain the attion of gravity, magnetifm, and eledtri- 

«;8 city- 
Stillgreater But we have ftill more important information from 
doubts. Ob-the optical difcovery of Newton. Let the reader turn 
fervations jn to Optics, Encycl n° 65, and read the account 

bubble.^ the 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 .by 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, hut of irregular fhape, furrounded by a lilvery 
ring. This fpot, when viewed very narrowly, is ob- 
ferved to refleft a very minute portion of light, with- 
out feparating the differently colorific rays of which it 
confirts; but it contains them all, as may be proved, by 
viewing it through a prifm. After feme little time 
the bubble burfts. 

Surely we muft infer from this, that there is a certain 
thicknefs of the tranfparerlt plate which tenders it unfit 
for the vivid refle&ion of light. Does it not legitiw 
mately follow from this, that the unrefle£ling ipot be* 
tween the fenfes ceafes to entitle us to fay, that they 
are in contact 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. Tlii* conclufion is ir.difputable. Were 
/V 
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it refufed, we are furnifhed with an ittconteftible proof Imptfifri.n. 
by the fame bountiful hand. Newton aferibed the co- —v—J 
lours to the refieeftion of the plate of air between the 
glaffes, and expe&ed 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 
ftill appeared, and he even thought them more brilliant. 
He then tried the effeA of water, expefting that this 
would diminifh their luftre. So it did ; and he found 
that the dimenfions of the rings were diminifhed in the 
proportion of 4 to 3 ; namely, the proportion of the 
reflations 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 difcovery, and by the revolution he 
was about to make in the mathematical do&rines of 
optics. Unfortunately for us, he did not, at that time, 
attend to the mighty influence which the difcovery 
would have on the whole of mechanical philofophy, and. 
therefore occupied himfelf only with fuch phenomena 
as fuited his prefect purpofe. A moft important phe- 
nomenon pafled 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 
prefled 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 affigned. Well affured 
of the extreme nicety of all his proceedings, w’e were 
much puzzled with this difcrepancy, and mentioned 
it to a moft rdpe&able and intelligent friend, the late 
Dr Reid of the univerfity of Glafgowg a mathematician 
and naturalift of the firft rank. He thought it not im- 
probable that the glaffes feparated from each other, 
lifting up the weight, by attrafting the water into the 
interftice, in the fame manner that we obferve wood to 
fwcll with moifture. We immediately got an apparatus 
which compreffed the glaifes by means of four lerews;. 
and now we faw Newrton’s proportion moft. flritlly ob- 
ferved. But in profecuting the experiment, we found 
that the introdu&ion 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 
pow'er, although we have not been able to deduce it as 

■a neceflary confequence, we neverthelefs confidercd it 
as a fufficient proof that the diftances of the glafies had 
not changed by introducing the w;ater between them. 
Therefore wre think ourfelves well entitled to conclude, 
that the difappearance of the black fpot was not owing 
to a feparation of the glaffes, which admits the wTater 
into the empty fpace ; and we affirm, that before the 
entry of the water, there, was room for it in the place 
which reflected no light; that is, that although the glaffes 
were preffed together with a very great force, they were 
not in contaCt. 

It deferves remark, that in endeavouring to produce RemarS# 
the black fpot, when water is between the glaffes,. we 
found great and unaccountable anomalies. Sometimes 
a moderate increafe of preflure produced it, and fbme- 
times; we were not able to produce it by any preflure. 

Several 
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Iwpulfion. Several lenTes were broken in the trial. We are led to 

think that the thicknefs which gives the fiivery reflec- 
tion is much greater than the 8900th part of an inch, 
and that it is not the fame in all glafies. But we were 
interrupted in thefe experiments, and indeed in all adtive 
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. There is fomethjng very remarkable 
in the abrupt fenfation of the coloured reflection. At 
a certain thicknefs all colours are reflected, without fe- 
paration, producing the whitenefs of lilver. The fmall- 
ett diminution of it hinders the ’vhnd reflection of u// 
colours, and then there feems to fucceed a thicknefs 
winch equally icfleCts a fniull proportion of all without 
reparation. The fined polifh 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 furfaces (both) by 
a ioftening heat will remove this ruggednefs. If it does, 
without deftroying the lharp termination, it will prove 
the abrupt paflage from to nonejfe. 

The laft remark to be made on this important expe- 
riment in optics is, that the diftarice between the glalles 
which 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 mnft 
be granted with refpeft to the thicknefs of the black 
ipot on the top of the ioap bubble. We attempted to 
meafure this thicknefs by letting a drop (of a known 
weight) of fpiric of turpentine fpread on the furface of 
water. As it flowly enlarged in furface, it decreafed 
in thicknefs, and produced, in regular order, fevcral of 
the more compounded colouis of the Newtonian feries. 
But before it came to the 20th ring from the centre it 
became very irregular and fpotty. 

Coatadl is The inference to be drawn from this combination of 
not pn.ved the two optical faCts is remarkable and important. It 
in CO ikon. tiiat we have no authority for affirming that the 

v changes of motion by the collifion of bodies is brought 
about by abfolute contaCl in any inflance whatever. 
The glafles are not in contaCf where there is vivid re- 
flection; and we have no proof that they are in eontaCl 
in the black fpot, however great the compreffion may 
be. 1 

It is hardly neceflary now to fay, that all attempts 
to explain gravitation, or magnetiiin, or eleClricity, or 

p ain eravi ^ fuch a^arUit aaion at a bailee by the impulfions 
tation; of an ,unfeen are futile in the greateft degree. 

Impulfion, by abidlute contaCt, is id far from being a 
familiar phenomenon, that it may juftly be queflioned 
whether we have ever obferved a iingle inflance of it. 
The fuppofition of an invifible impelling fluid is not 
more gratuitous than it is ufelefs ; becaufe we have no 
proof that a particle of this fluid does or can come into 
contaCt with the body which we fuppofe impelled by 
it, and therefore it can give no explanation of an aCtiou 

61 that is apparently e dijlanti. 
But unpul- The general inference from the whole feems to be, 

explSd that’ i"ftead.of explaining preffure by impuli'e, we muft 
by conti- not only derive all iqipulie from prdlure, but muft alld 
nuedpref- afenbe all preffure to a&ion from a diftance ; that is, 
furc* to properties of matter by which its particles are moved 

without geometrical contaCt, 
This collection of faCts confpires, with roany appear- 

60 
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Sfa <0 prove that ev„ .he particles ot fohd, or fenfibly continuous bodies, are not »   
in contaCv, but are held in their refpeCtive lituations by 
the balance of forces whiqh we are accuftomed to call 
attractions and repulfions. The fluidity of water under 
very ftrong compreffions (which have been known to 
cornprels it ^th of its bulk), is as inconfiftent with the 
fuppofition or contact as the fluidity of air is. The 
fhiinking or a bofiy in all its dimenfiqns by cold, nay, 
even the bending ot any body, cannot be conceived with- 
out allowing tnaty67W 0f ;u ultimate unalterable atoms 
change their diftances from each other. The pheno 
mena of capillary attraction are alfo inexplicable, with- 
out adm.tt.ng that particles aCt on others at diftance 
from them. 1 he formation of water into drops, the 
coaleicence of oil under water into fpherical drops, or 
into circular fpots when on the furface, ffiew the fame 
thing, and are inexplicable by mere adhefiop. In ffiort 
all the appearances and mutual aaions of tangible mat- 
ter concur in fhewmg, that the atoms of matter are en- 
dowed with inherent forces, which caufe them to ap- 
proach or to avoid each other. The opinion of Bof- 
covich feems to be well founded ; namely, that at all 
ienlible diftances, the atoms of matter tend toward,each 
other with forces invcrfely as the fquares of the diilauces, 
and that, in the neareft approach, they avoid each other 
with mfupcralle force; and, in the intermediate diftan- 
ces, they approach or avoid each other with forces vary- 
ing and alternating by every change of diftance. Sec 
the article Boscovich, Suppl, 

Fro™ al! that has been laid, we learn that phvfcal Ph, ftt 
n ible contact difteis from geometrical contad, inco'^ader- 

the fame manner as phyfieal folidity differs from that ofp!ained* 
the mathemattcan tuclid fpeaks of bones and cylin- 
ders tand.ng on the fame bafe, and between the lame 
para lels. I l.efe are not material folids, one of which 
would prefs the other out of its place. Phylical con- 
tad is indicated, immediately and diredly, by our fenfe 
of touch ; that is, by exciting a prefW on our organ 
of touch when it is brought fufficiently near. It is alfo 
indicated by impulfion; which is the immediate effed of 

ic prefiure occafioned by a fufficient approximation of 
the body impelling to the body impelled. The impul- 
fion is the completion of the fame procefs that we de- 
fer,bed in the example of the magnets; but the extent 
of fpace and of time in which it is completed is fo fmall 
that it efcapes our obfervation. and we imagine it to 
beTy contad and in an inftant. We now fee that it 
is fimilar to all other operations of accelerating or re- 
taming forces, and that no change of velocity is inflan- 
taneous; but as a body, in paffing from one point of 
fpace to another pafTes through the intermediate fpace* 
fo, in changing from one velocity to another, it paffes 
through all the intermediate degrees without the fmall- 
eit Jaltus. 

And in this way is the whole doftrine of impullion Wt 
brought within the pale of dynamics, without the ad-Uman, 
million of any jaew principle of motion. It is meixlv?bfurditie*. 
the application of the general dodrines of dynamics to 
cafes where every accelerating or retarding force is op. 
poled by another that is equal and contrary. We have 
found that the opinion, that there is inherent in a mo- 
ving body a peculiar force, by which it perfeveres in 
motion, and puts another in motion by fttifting into it 

5I2 ' - ' £ 
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Impuhlon. Js as ufeltfs as it is incorifiilettt witli ouf notions of mo- 
s-1’ v 1 tion and of moving forces. The impelled body is mo- 

ved by the mfuperable repnlfion exerted by all atoms of 
matter when brought fufficiently near. The retarda- 
tion of the impellingbody does not arife from an inertia, 
or refilling fluggilhnefs of the body impelled, but be- 
caufe this body alfo repels any thing that is brought fuf- 
ficiently near to it. We can have no doubt of the ex- 
iHence of fuch caufes of motion. Springs, expanfive 
lluids, cohering fibres, exhibit fuch active 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 we admit their exillence and agency, every 
thing elfe is deduced in the moll fimple manner ima- 
ginable, without involving us in any thing iocompve- 
lienlible, or having any confequence that is incorfillent 
with the appearances. Whereas both of thefe olnlruc- 
tions to knowledge come in our way, when we luppofe 
any thing analogous to force inherent in a moving body 
folely becaufe it is in motion. It forces us to ufe the un- 
meaning language of force and motion palling out of one 
body into another ; and to fpcak of force and velocity 
as things capable of divifion and aftual feparation into 
parts. The force of inertia is one of the bitter fruits 
of this mifconception of things. It is amiifmg to fee 
how metaphy licians of eminence, fuch as ID’Alembert, 
endeavour to make its operations tally' with acknow- 
ledged principle#. In his celebrated work on dyna- 
mics, the moll elaborate of all his performances, he ex- 
plains how a body, whofe mafs is 1, moving with the 
velocity 2, mull Hop another body whofe mafs is 2, 
moving with the velocity r, in the following manner : 
He fuppofes the velocity 2 to conlill of two parts, and 
that, in the inftant of coliifion, one of the parts dellroys 
the motion of one half of the other body, and then the 
other part dellroy'S the motion ol the other halt. 1 hefe 
are words ; but in vain lhall we attempt to accompany 
them by clear conceptions. His dillin&ion between 
the force of inertia and what he calls the aaive forces 
of bodies, fuch as the force of bodies which llrike 
each other in oppofite direaions, is equally tinfufcep- 
ticle of clear conceptions. A6live forces (fays he) ab- 
forb a part of the motion ; but when inertia takes 
part of the motion from the linking body, this motion 

■ paffes wholly into the body that is ftricken, none of it 
being abforbed or really deftroyed. He demonftrates 
this by the equation A X — x — B X v — b, which 
is a mere narration of fails, but no deduilion from the 
nature of inertia, nor even any ellablifhment of that na- 
ture by philofophical argument. And in attempting 
to give Hill clearer notions (being fenfible that fome 
great obfeurity Hill hangs about it), he fays, “ Inertia 
therefore, and properly fpcak in g, is the mean of com- 
municuting motion from one body to another. Every 
body refills rrtotion ; and it is by refilling that it receives 
it ; and it receives ptecifely as much as it dellroys in 
the body which ails on it.” Surely almoll every word 
of this fentence is doing violence to the common ufe of 
language. What can be more incomprchenfible than 
that a body refills motiorl only when it receives it 
Should a man be thought to refin being pufiied out of 
his place when he actually allows another to difplace 
him, and not to refill-when1 he firmly keeps his place ? 
All thefe difficulties and puzzlingqueftioiis vanilh when 

we give over fpeaking of ’inertia as fometbing dijlfn- luipulfion. 
gullhable from the active forces or caufes of motion ' 111 

which we find in bodies, and difiinguifh by the names 
of elallicity, cohefion, magnetifm, eleftricity, weight, 
&c. and which philofophers have clalfed under one 
name, accelerating or retarding force, according as its 
dire&ion chances!o be the fame, or the oppofite to that 
of the motion uuder confideration. To feppofe it a 
peculiar faculty by which a body maintains its condition 
of motion or rell, 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 he- 
invr mtlted becaufe it melts, or becaufe heat mufi be em- O , 
ployed to melt it. ^ 

The only argument that we know for giving thestrangeft 
name force to the perfeverance of matter in its Hate ofargument 
motion (or rather for aferibing this perfeverance to thel°l^e^H^ 
exertion of a peculiar faculty), which appears to de-of* 
ferve any attention, is one that we do not recoiled the force 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 produce in the body at reft. We 
know that if a body be moving eallward at the rate of 
four feet per fecond, and a force ad on it which would 
impel it from 2 Hate 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° 32' S. 
We know alfo, that if a force ad on this body at reft, 
fo as to give it a motion eallward at the rate of four 
feet per fecond, and if another force ad cn it at the 
fame inllant, fo as to give it a motion to the feuth 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 inllance, the body previomly in motion 
feems to pelfefs fomething equivalent to what is allow- 
ed to be a moving force. Why therefore refufe 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 meaiured by the change which accom- 
panies its exertion. There is fome difference between 
the parties about the way of ellimating this meafure ; 
but all agree in making, not the motion, but the change 
of motion, the bafis of the meafurement. Now we Anfwered 
fhewed, at great length, in the article Dynamics, that 
the change of motion, in every cale, is that motion 
which, when compounded with the former motion, 
conllitutes the new motion. Did we take the new 
motion itfdf as the charaderillic and meafure of the 
changing force, it would be different in every different 
previous Hate of the body, and would neither agree 
with our general notion of force, nor with the know- 
ledge that we have of the adual preflures and other 
moving forces that we know. 1 he foie reafon why 
the previous motion is equivalent with a force is, that 
the only mark 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- 
caufe we know nothing of it but that motion ; and the 
name that we give it, only marks fome external thing to 
which it hasan obferved relation. We call it magnetifm 
or ele&ricity, becaufe we obferve that a magnet or an 
eledrilled body gives occajton to its appearance. We 
never obferve the refiftance of inertia, except in cafes 
where we know, from other eireumlhnces, that moving 

forces 
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Inipu-! nan. forcts' inhei'ent»>in>ibWttstare realIpibrought jnto aai«n. 

V"' v ' The inertia of the ball which has-been moycU• by a 
ftroke of another, is inferred from the dhimmtioo of 
that other’s motion. Bat this is occafioned prtdfelv 
in the fame way as the diminution of the motion of tfie 
magnet A in the ilrft example ; an event which every 
unpvepoffefifed perfon aferibes to the repulfion yf B in 
the oppofite direfb'ouj'and not to its inertia. - ,,, 

We truft that our. readers are not difpleafi-d with 
this detail.of the procedure of Nature in the phenolne. 
na of impullion. It has been, prolix ; .becaufe vve.ftp 
prebend, that the too fynoptical manner in which the 
laws of colliiion have always, been delivered, leavas tlie 
mind in great obfeurity concerning the conneftion of 
the events. _ General faffs have been taken for philofo- 
])lucal principles and elementary.trpths.; whereas they 
were deduffious from the fum total of our knowledge. 
They were very proper logical principles for a fynthe- 
tical difeudion ; but their previous eftabliihment as ge- 
neral fadts was necelfary. We have eftablifiied the two 
moll general tadls from winch the refult of every7 colli- 
fion may be deduced with the utmoil eafe. The iirft 
is, tnatin the inllant ot greateil compreffion, tlie com- 

, . . A a =±r B i tnon velocity is — "~A~f)L B~ ’ an^ we have fliewn that 

this is applicable to the collifion of unelaftic bodies. 
ri’he fecoird is, that the change in perfedtly elaftic bodies 
is double of the change in unelaftic bodies. The conferva- 
tio momentorum, and the confirvcitio vit'tum vivarum, are 
alfo general fafts ; or rather they are the fame mention- 
ed withithofe above, confidered in another afpedt. They 
may7 all be ufed as the principles of a fynthetic treatife 
of imp ill (ion ; and they have been fo employed. Each 
has its own advantages. 

Mr Maapertuis gives a treatife on the Communica- 
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g-^tes tke lefuUs wlyich will -make this quantity a minf- impulfion. 
UHim, and afferts tlrat thele tmt/l .be the laws of col- ^ w 
bfion. I.uckily this inveftigatioa is extremely, fimple, 
and very peat and perfpicuous ^ and it gives very eafy 

.folutious. , I'or example, the unelaftic body A, moving 
with the velocity a, overtakes the un’elaftic body B, 
moving with the- velocity b. Both move after the col- 
hfion with the velocity This velocity is required. 
To determine this, we mnft make A x + B X 
x — l\z a minimum ; or A a1 — 2 A o je + A .v1 + B xl 

— 2 B ^ x + B i2 is a minimum. Therefore zAax 
-f 2A*X-|-2B*;v — 2B3x = 0, Or2Aa + 2B^ 

j A « + B ^ 
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adtio'n^6^ t^°n ls> °f impulfion or collifion, which 10n' has the appearance of being deduced from a new prim 
ciplc, which he calls the principle of smallest ac- 
tion. Ele fuppofes that perfedt Wifdom will accom- 
plifh every thing by the fmalleft expenditure of adtion; 
and he chanced to ohferve, in the equations employed 
in the common dodlrine of impulfion, a quantity which 
is always a minimum. He choofes to confider this as 
the exprefiion of the adlion. 

His principle or axiom, deduced from the perfedl 
wifdom of God, is thus exprefied : “ When 3,11 y change 
happens in nature, the quantity of adlion peedfary for 
it is the fmalleft poffible.” And then he adds, 

“ In mechanical changes, the quantity of adlion is the 
produdt 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 PA7. Tranf. vol. xliii. p. 423, &c.j, and 
it is equivalent to m v2; becaufe the fpace rmdtipiied by 
the velocity is as the fquare of either. We refer to 
Dr Jurin’s remarks on this patTage for proof that this 
is by no means a juft meafure of adhion ; and only ob- 
ferve here, that we can form no other notion of veloci- 
ty than that of a certain fpace delcribed in a given time. 
The change produced is not the adtual defeription of 
a line, but the determination to that motion. It is in 
this refpedl alone that tlie condition of the body is 
changed ; and therefore the produdl /» v, and not msv, 
is the proper meafure of the adlion. On the authority 

g ©f this . maxim <& divine cendudt, Maupertuis invefti- 

^"4. 23“; as w7e hare ~ 2 A x 2 B x, and .v ~ - 
already ftiewn it to be. 

The amiable and worthy author grew7 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 atiim by Maupertuis was a minimum in the 
planetary motions, and indeed in all curvilineal motions 
m free fpace. But all the while, tin's principle of lealt 
aelion is a mere whim, and the formula which is fo ge- 
nerally found a minimum has no perceptible connediion 
with the quantity of adlion. In many cafes to which 
Maupertuis lias applied it, the concluiions are in diredt 
oppofition to any -notion that we can form of the eco- 
nomy of adlion. Nay, it is very difputable whether it 
does not, on the contrary, exprefs the greateft want of 
economy ; namely, a minimum of effedl from a given 
expenditure of power. In the cafe of impulfion, this 
minim tan is the mathematical vefuk of the equality and 
oppofition of ad ion and readlton. Maupertuis might 
have pleafed hts fancy by faying, that it became the 
infinite wifdom of God to make every primary atom 
of matter alike ; and this would have anfwtred all hir 
purpofe. 

I heie flill remains to be con-fidered a; very material it ^ 
circumftarice in the dodtriue of inipullioii, which pro-intothedif- 
ciuces certain modifications- of the niotions tliat are oftr*huti°n 

mighty pradlical importance. We have consented our- ”f imPulfe 

felves with merely ttating yhe moving force that is, ^ Sat 
brought mto adlion in the points of phyfical contad; is ftruck. 
but have not explained7how this produces the progref- 
iive motion of every particle.of the impelled body, and 
what motion it really does produce in the remote par- 
ticles. . A body, befides the general progreflive motion 
winch it receives from the blow, is cdmmonly obferved 
to acquire alio a motion of rotation, by which it whirls 
round an axis.. It has not been fliewn, that when a 
body has, received an impuiie by a blow in a particular 
direction on one point, it will proceed in that diredion, 
or m what diredliou it wi}l proceed. Experience ihews- 
us, that this depends on cireuinft-ances not yet coniider- 
ed. The billiard play.^r knows, that ,by,a ftroke in one 
dnedion .he qn make his an.tagonift’s. ball move in a 
diredlion extremely differ'ent. 

Thefe are queftions of great intricacy and.difficulty, 
and would employ volumes to treat them properly 
We have already enlarged this' article till we fear that 
we have exhaufted the reader’s patience, and deviated 
rom the proportion ,qf room juftly allowable, to iM^pn- 

sjon. We. muft therelore limit pur attention to fpch» 
things oply as feem elementary, and. indifpenfably ne- 

cellfary. 
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A&ion of 
bodies by 
contadl is 

ImpulRon. eefTary for a ufcful application of the dodrine of im- 
““rr v pujfion*; b*,._jt ft.' *' .t.„ j r!./t -i,.. 

With refped to the direfliw of the motion produced 
by impulfion, the very example juft now borrowed from 
billiard playing, (hews that it is important, and by 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 demonftration. It is comprehended 
in the following propofition, which we bring forward 
merely as a matter gf fad. 

The diredion of the ftroke or preffure exerted by 
two bodies in.phyfical contad, is always perpendicular 
to the touching furfaces. Of this truth we have a very 

eular to thediftind and pretty example and proof by the billiard 
touching table. If two balls A and B (fig. 2.) are laid on the 
fin-face. table in contad, and A is fmartly {truck 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 preffure 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 Or. Had A been 
alone, it would have gone off in the diredion a A pro*- 
duced. But the force ading in the diredion a A is 
equivalent to the two forces <id and <7 A, of which 
d A preffes the ball on B at l, and produces the mo« 
tion. In like manner, another ball E, fo laid that lV>e 
is obtufe, will fly off in the diredion ED, which may 
even be oppoiite to C c. Thefe are matters of fad ; 
not indeed precifely fo, becaufe billiard balls are not 
perfedly efaftic, reftoring their figure with a prompti- 
tude equal to that of their eomprellion ; and alfo be- 
cnufe 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 vvifii to {hew on what properties of tangible 
matter this depends ; and although we dare not hope 
for implicit belief, we exped fome credit in what we 
lhall offer. 

We have evident proof, that at a diftance which is Etemonftra- 
Vton. 

puifion of all the matter iir the fegment will have the Inipnlfioft. 
diredion BP. It is plain, that the radius of curvature ——■'v 
of every fenfible figure may be confidered as immeiifely 
great in comparifon o-f m n ; and therefore the propofi- 
tion is manifeft. 

This is a propofition of very great importance to the 
art ill and the engineer, as well as to the philolopher. 
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 fg much on it, that it is eafy to make them of 
fuch a fhape that they {hall produce no force whatever 
that is of any fervice; and it requires a {killed attention 
to their forms to obtain the fervice we want. This 
will be confidered with fome care in the article Ma- 
chine. 

Having thus difeovered the diredion of the real im- 
pullion, arid that it may be very different from that of 
the force exerted, we proceed to contider what will be 
the diredion and velocity of the motion, and whether it 
will be accompanied with any rotation. 67 

Our readers are acquainted with the elementary me- a ftroke, 
chanical property of the centre of gravity. If a body whole ac- 
he fupported at this point by a force ading vertically tjon Pap3 

upwards, and equal to the united weight or every par the centre 
tide of matter in it, it will not only remain at reft, but of a poll- 
will have no tendency to incline to either fide ; that is,uon of fohd 
the upward force balances the weight of the vyhoie 
body, and the mechanical momenta of all the heavy 
particles balance each other, like the weights in the tion. 
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 paffmg through the centre of gravity), the furn 
of all the produds on one fide mull be equal to the futn 
of all the produds on the other fide. Therefore, if 
we fuppofe the particles all equal, and reprefent each 
by unity, the fums of all the perpendiculars themfclves 
mult be equal. How is this balancing efieded ? Every 
particle tends downwards with a certain force. It mult 
therefore be kept up by a force precifdy equal and op- 
poiite. This muft be propagated to the particle by 
means of the conneding corpufcular forces. The force 
propagated to any particle is eqtfal and oppolite 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 w'hich, by ading on one point, excites thofe 
balancing forces on each particle, would cauie 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, wuthout rotation. 

Hence wre 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 m, the moving power P will 
imprefs on each particle an accelerating force f, equal 

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 thele 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 m n from the furface-AC of a fo- 
il’d body. With a radius PA, equal to m ny 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. Eet D be any fuch par- 
ticle. It repels P in the diredicn 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 r/P.. Therefore the two particles D and d will 
produce a joint repulfion in the diredion BP. The 
like may be faid of every particle and its correfponding 
*ne on the other fide of PB. Therefore the joint re-. An accelerating force is eftimated by the velocity i>, 

which 

to the mth part of P. Therefore f — -, and ?=:>»/. 
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time /, or vzz ft, and/ - and P - m and 

v — The fymbol / may be omitted, if we reckon 
every force^ by the velocity which it can produce in a 
leeond. 1 has may all forces be compared with gra- 
vity, by taking 32 feet for the meafure of gravity. 
Then m v will exprefs the number of pounds which 
give a preffure equal to the force under confideration/ 
I bus if the force can generate the velocity 48 feet 

per lecond in 100 pounds of matter, by a&ing on it 
uniformly during a fecond, its preffure is equal to the 
weight of t yo pounds. 

Ttis is.//- When a body A, moving with the velocity a, over- 
^Mr-^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 direction of 
their motion, all the circumftances of the colliuon are 
determined by the rules already laid down. Tin's is 
called direct impulse; and it is this which admits 
the application of the fimple doftrines of impulfion, de- 
duced, as we have done it, from the a&ion 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 ekftic bodies. Inftead 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 perfe&ly elaftic) 
which is lying in contaa with C. In many cafes, the 
ba B will nut^ftir fenfibly from its place, and C alone 
vydl fly off. Nay, if a long row of equal billiard balls 
lie in contaft, and one of the extreme balls be hit by 
another ball in the direaion of the row, only the re- 
mote ball of the row will fly off. All this is eafily feen 
and underflood, by confidering them as bodies mutually 
repelling, and placed at the limits of their mutual ac- 
tion Or even fuppofing them elaftic balls, at a very 
onall diftance from each other ; The ball employed to 
ftnke. the fir ft comes to reft, and the ftriken ball moves 
ofi 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 
fiicceffion to the laft, which is the only one that can 
fly oft. The curious obfervation of Mr Huyghens is, 
that a greater velocity will be communicated by a laro-e 
ball 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 interme- 
diate hall is a mean proportional (geometrical 1 between 
the two. Ihis is alfo eafily deduced from the fimilar 
attention to the adlion of the accelerating forces, or 
from the fuppofition of fucceflive impulfes. From this 
it alfo follows that a greater velocity will be produced 
by the intervention of two, three, or more, mean pro- 
pottionals. f 

. But the direaion of the ftroke may not be the fame 
with, that of the motion. This is called oblique im- 
pulse. 1 he cafes of oblique collifions are extremely 
different, according to the direaions of the motions; 
and. the refults are, in many of them, far from being 
obvious. But we have not room for. a particular treat- 
ment ol taera. We Ihcll therefore* avail ourfelve* of 
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fome of the general fads mentioned above, by means fmpulfion. 
of which we may reduce all the varieties to fomc eafy v v   
cafes. .The rpoft ferviceable general fads are: 1. That 
the adroiis of bodies on each other depend on their re- 
lative motions ; and, 2. That the motion of the common 
centre is not changed by the collifion. Thefe enable 
us to reduce all to the Cafe of a body in motion lin- 
king another at reft. We have only to determine their 
relative motion by the propofition in Dynamics, 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, deferibing the 
lines AD, BD, the collifion is the fame as if B had re- 
mained at reft, and A had come againft it with the mo- 
tion Ab. In the mean time, the common centre of 
pout ion has deteribed CD. If the bodies are undaftic, 
they remain united, and proceed in the line CD produ- 
ced toward E, and their common velocity will be repre- 
fented.by DF, equal to CD, if AD and BD represent- 
ed their initial velocities. If the bodies are elaftic, they 
Separate again, and they Separate from the common 
centre m the oppofite diredion, and with the fame ve- 
locities with which they approached it. Therefore 
draw u E 3 parallel to ACB, and make E a, E 3 equal 
to .CA arid CB, and then Dn and D3 are the paths 
and velocities of the bodies. All this is abundantly' 
plain, and is a neceffary deduction from the general 
principle, that the motion of the centre is not affected 
by any equal and oppo'fite forces which connecfl the 
bodies of a fyftem. 

But this great fimplicity is not Sufficient for afeer- 
taming the refults of collifion which occur in many of comparS; 
the moil important cafe si It not only fuppoies that b.)’ r°ta- 
AD and ED are exactly proportional to the velocities t*or’ 
of A and B, but alfo that they meet, fo that the plane 
of mutual contact is perpendicular to the line AB, and 
that the ftroke on each is diredled to its centre. Thefe 
circurnftances will not always be combined, even in the 
cafe of Spherical bodies. The confequence will be, that 
although the motion of the centre remains the fame, 
that of the bodies may Sometimes 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 progreflive 
or rotative. 

Let the body A (%■ 5.), moving with the velocity Genend 
\ ^ in the dnection AD, ftrike the body 15 at reft. Let^*eoren^ 
F be the point of mutual contadl, and 3FH 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 
GI parallel to FP. Let C, in the line PG, be the 
fpontaneous centre of converfion (Rotation, Encycl. 
n° 77* &c.), corfefponding to the point of percuffion 
F. Join CF. Let the direction cut the tangent plane 
in n, and PF in A ; and let AH reprefent the velo- 
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 direaion GI, parallel to FP, the dl- 
reaion of the effeaive impulfe. But becaufe this does 
not pafs through the centre G, the body will advance, 
and will alfo turn round an axis pafling through G, 
perpendicular to the plane of the lines GP, PF, and 
the fpontaneous axis of converfion will pafe through 

fame. 
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fm pul lion, feme point C of the line PG, and will alfo he perpen- 
' dicularto the fame plane. All this has been demonilra- 

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 AE. By the mo- 
tion AE, A only Hides along the furface of 13 without 
pveiling it, or cauiing any tendency to motion in that 
direction, except perhaps a little arifing from frith ion. 
It is by the motion AF alone that the impulfe is made. 

AF 
Therefore let ^ be V X ; and then A X -v may 

be called the efficient impulfe of the body A in the pre- 
fent cireumitances, and ti the efficient velocity. This will 
be diminilhed by the collifion. Let x be the unknown 
velocity remaining in A after the collilion, or rather in 
the inftant of the greateft compreffion and common mo- 
tion of the touching points ot A and B, eilimated in 
the diretlion FP. The effe&ive momentum loft by A 
mull therefore be A X “u — x : but the fame muft be 
gained by B, and its centre G muft move in the direc- 
tion GI, parallel to FP, with this momerttunw; and 

therefore with the velocity —————. That this 

may be the cafe, the point of percufiion F muft yield 
with the velocity x, becauie the bodies are in contaft. 
But becaufe C is the fpontaneous axis of converiton, 
every particle is beginning to deferihe an arch of a circle 
round this axis. Therefore F is beginning to move in 
the dire ft ion F^, perpendicular to the momentary ra- 
dius veftor CF. Let Fg be a very minute arch, de- 
feribed in a moment of time. Draw p-y* perpendicular 
to FP. Then F/is the motion F^ reduced to the di- 
reftion FP, and will exprefs the yielding of B in the 
direftion of the impulfe, while G deferibes a Ipace 

equal to   ZTZ/, and A deferibes a (pace x. There- 
B 

fore F^ will exprefs x. Let ~?p be the fpace deferibed in 
the fame time that Ff^ is deieribed. DrawyC, cutting 
GK in the point I. GI is the yielding of the body B to 

the impulfe, and muft therefore he equal to^i/TZi?. 

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 F^ : F/rr FC : CP. But F^ : Py rr 
FC : CP ; beeaufe the little arches Yg, Yp have the 
fame angle at C. Therefore Vp = Yf, ~ x. It is 
plain, that CG : CP r= GI : Yp. Therefore CG : CP 

= AXZE5 : ami .v = " X CP 

B 
A X CP A X CP 

= -u X * X B X CG ’ 

B x CG 

wherefore 
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ed on by a force r= A X ■n — x in the direftioti FA. 
This mull he compounded with AxV, in the direftion —* 
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 iVparste, although 
they he tmelaftic : If they are elaftic, we muft double 
thefe changes on each. It B was alfo in motion before 
the collilion, the motion of A muft be rd'olved into 
two, one of which is equal and parallel to the motion 
of B : the other muft be employed as we have employ- 
ed the motidn AIL 

Exprefitons ftill more general may be obtained for x 
and u ; namely, by taking the formulae for the centres 
of converfion find pcrcuffion (RorATiox, n-> 96, 99.) 

CG = 
p r* 

and C P = Je r
1 + B X CP* 

U 

B x CG 
x X B X CG -pxXAxCPrr-yXAX CP, and 

x X B X CG -f- A X CP =r ^ X A XCP, and 
AX CP 

B x CG ft- A x CP ’ 
ing in A, eftimated in the direftion FP. 

And m, the velocity with which G will advance, is 

fepmtry*^ i for CP : CG = !>/, : GI, = » : «. It is evl- 
dent that A will change its direftion by the collifion : 
For in the inftant of greateft compreffion, it was reaft- 

x =r v X TrrrTrr?^—,—— ^ie velocity remain- 

B^GP’ a,,u “ B X GP 
where p (lands 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 v/ay 

A 'fp *■* + A'B GP* 
we obtain x — v —  

A 4- B */p r* 4- A-B-GP* 
It is plain from this propofition, that the progrefiive ch ange of 

motion of the body depends, not only on the momen-trogreffive 
turn of the impelling body, but alfo'on the place where 
the other is ftruck : For even although the original mo-w^en tiie 
mentum ot A he the fame, and the obliquity of thediredlion of 
ftroke, making‘0 the fame, and the body (and eonfe-the effec- _ 0 live ftroke 
quently /p r1) alfo remain the fame, we fee that x and i aiTf,s thio’ 
« depend on the ratio of CP to CG. Now C and ptie cemre*‘ 
are always on oppollte fides of G : Confequently, by 
removing the direftion FP of the impullion farther 
fronr G, we diminifti CG and increafe CP ; and there- 

A-CP 
fore increafe the value of w = v B’/jG~.f A-CP ’ ancl 

confequently diminilh the value ot AX d — .v, to which 
B X z/ is equal. The greateft momentum of B is pro- 
duced when the direftion of the impulte patfes through 
G, and no rotation is produced. Indeed we are led, 
by a fort of common fenfe, to expeft this. 74 

This inveftigation is by no means a piece of mere Importance 
fpeculative curiofrty. It is the folution of the greateft 
problem in praftical mechanics. It is in this way maI,niip> 
we muft proceed in computing the aftions of the wind&c. 
and water on the fails and hull of a fnip. Were it 
not that many circunrftances concur in determining fe- 
veral of the preparatory Heps, it is evident that the tali: 
mull he almoft imprafticable. But the prelfure and its 
direftion are generally determined by experiment, witn- 
out the trouble of computation ; and we are feldom fe- 
licitous about the fubfequent motion of the wind or 
water. _ _ 7- 

Tliere is another queftion in imp,ulfion which is. °f iniymlfion 
the fir ft praftical importance—namely, when the im-on bodies 
pulfe is exerted on the parts of a machine, where the coined ^ 
body ftruck is not at liberty to yield Ireely to the 
ftroke, but muft Aide along fome folid path, or turn 
round fome axis, or take fome other conftrained mo- 
tion. The operations of moft 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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JfniwTios. pelled by a rammer, are all afcertalned by the fame doc- 

trines. But the particular applications can fcarcely be 
elucidated by any clafiification that occurs to us, the 
circumftances of the cafe making inch great difference 
in the refult, both in hind 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 lammer. If the mafs of the pile be 
negledted, the penetration through a uniformly refilling 
fubftance will be as the fquare 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 reliftance 
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 effea muff take place. 
We ftill can compute what this muff 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 friftion, which continually 
increafes as the pile goes deeper ;—and a ffill 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 caff iron. If it is moift and foft, 
eipecially 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 diminilhed. 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- 
fect 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 muff alfo be of tempered fteel throughout). 
This has hitherto baffled many attempts. A pretty large 
round head, like a marlin fpike, has fucceeded bell: but 
even this cracks after fome days ufe. 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. 

■B' The ftone cutters at Lifbon and Oporto ufe iron 
mallets. 

The cafe of impulfion made on part of a machine 
moveable round an axis has been confidered in the ar- 
ticle Rotation, Encycl. n° 72 ; where *r is /hewn to 
^  A-CP* be — vX . But, in this formula, r de- 

Jpr* +A-CP* 
notes the diftance of / from the point C, and not from 

G. Jpr* in this formula, is B-CG’CP; whereas, in 
the formula for a free body, where r is the diftance of 

a particle from G^pr* is = B'CG'GP. 

In the praaical confideration of this queftion, 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 
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nothing in which the fcientific knowledge of the en- Impulfion. 
gineer is of more effential fervice to him. An en- —v-—1 

gineer of great, praaice, and a fagacious combining 
mind, colleas his general obfervations, and (lores them 
up as rules of future praaice. But it is fddorn that 
he poffeffes them with that diftinanefs and confidence 
that can enable him to communicate his knowledge to 
Others, or even fecure himfelf againft all miftakes ; 
whereas a moderate acquaintance with thefe elements of 
rea. mechanics, may be applied with fafety on all occa- 
iions, becaufe arithmetical computations, when rightly 
made, afford the mod certain of all refults. 

There is a circumftance which greatly affe&s the per- Great kifs 
rormance of machines which are actuated by impulfes, nf power 
namely, the yielding and bending of the parts. Whenthe 

the moving power ads by repeated fmall impulfions, it'^Sd- 
may fometimes be entirely confumed, without produ-ing of the 
cmg any effed whatever at the remote working pointmateriaU, 
of the machine ; and the engineer, who founds his con- 
ftrudions on the elementary theories to be bad in moft 
tre.atifes of mechanics, will often be miferably difap- 
pointed. In the ufual theories, even as delivered by 
writers of eminence, it is afferted, that the fmalieft im- 
pulie will ft art the greateft weight. But fince impulfe 
is only a continued preffure, and requires time for the 
tranfmjffion of its efted 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 parts 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 of a long lever, will be confumed in bending 
the whole of its length, fo as to bring the remote end 
into adion. .ft heretore great ftiffnefs, and perfed ela- 
fticity, both in the moving parts and in the points of 
fupport, aie neceffary for traufmitting 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 (hank of the ham- 
mer is tranfmitted in the proper inftant of time to the 
hammer-head. The 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, 
bard, elaftic, and ftiff, as poflible. ft’he performance of 
ruby pallets is very fenfibly 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. ftTe 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 prtflure when 
it is in his power. This is one chief caufe of the great 
fupeiiority of overfhot waterwheels above the underdiot. 

We can now underftand how it happens that Gal- 
lileo, Merfennus, and others, could compare the impulse 

5 K given 
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^ in the oppofite fcaie.of a balance, and can fee the rea- 
fon or the imn\enfe differences, yet accompanied by a 
foit of regularity, in the refults of the experiments. Ga- 
lileo, Met bun us, and Rtceioli, found them to he proofs 
that the forces of moving bodies are as their velocities ; 
becaufe the heights from which the body fell were as the 
iquaresof the weights darted from the ground. Grave, 
fande found the fame thing as long as he held the fame 
opinion ; but when lie adopted the Leibnitzian meafure, 
he found many faults in the apparatus employed in his 
former illuflrations, 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 rr.ufl be difplaced before the oppofite arm 
fifes fo far as to detach the fpring which gives indica- 
tion of the magnitude of the flroke, muff fee that the 
agreement is purely accidental, and may be procured 
for any theory we pleafe (fee Gravefande’s Nat. Phil. 
tranflated by Defaguiliers, vol. i. p. 241. See.) The 
propofition, n° 95, Dynamics, fuffices for explaining 
every thing that can happen in fueh experiments. And 
it will fhew us, that although the motion of impulfioa 
is produced by prefTure 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\ie\g\\t, will bend it farther, and 
may crufii or driver to pieces the body which would have 
carried it for ever. We {ball make fome further remarks 
on this fubjedt, of great pra&ical importance, under the 
word Percussion. 

Conclu The method which we have purfued in confidering 
-•ion. the doctrines of impulfion, differs eonfiderably from that 

which has generally been followed ; but we truft that 
it will not be found the lefs infirudtive. Although O 
the reader fhould not adopt our decided opinion, that 
we have no proof of pure impulfion ever being ob- 
ferved, and that all the phenomena which go by that 
uame are really the efFedts 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 acknowdedged by all. We differ 
only, by exhibiting the internal procedure by which 
they are unqueJUonally produced in a vafl 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 
eonfidered, not as a principle, but merely as a defini- 
tion—We get rid of all the obfeurity and perplexity 
that refult from the introdudtion of inertia, confidered 
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as a power —a power of doing nothing; and we are fmpulfion; 
freed from the unphilofophical fi&ion (adopted by all the —-v—“•> 
abettors of that dodtrine, and even by many others) of 
conceiving the fpace, in which motions are performed, 
and bodies adl, to be carried along with the bodies in 
it.—This furnifhes, indeed, in fume cafes, a familiar 
way of conceiving the thing, by fuppofing the experi- 
ments to be made in a fhip under fail, and by appeal- 
ing to the fa£t, 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 uf#d, it does not 
free us from one complication of adtion ; for, before we 
can make ufe of this fubftitution, we rmifl demonflrate, 
that the adtions depend on the relative motions only : 
And this, when demonftrated, 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 publifhed on the fubjedt : 

Galilei Opera, T. I. 957. II. 479, &c. 
Jo. Wallifii Tradlatus de Percuffione. Oxon. 1669. 
Chr. Hugenius de Motu Corporum ex Percuffione. 

Op. II. 73. 
Traite deia Percuffion des Corps, parMariotte, Op.I, r. 

Hypothefis Phyfica Nova, qua phenomenorum cau- 
fse ab unico quodam univerfali motu in noltro globo 
fuppofito repetuntur. Audi. G. G. Leibnitzio. Mo- 
guntiae 1671.—Leibn. Op. T. II. p. II. 3. 

Ejufdem Theoria Motus Abftradti. Ibid. 35. 
Hermanni Phoronomia. Amft. 1716. 
Difcours furies Loix de la Communication de Motive- 

went, par Jean Bernoulli, Paris, 1727. Jo. Bern^ 
Oper. III. 

Dynamique de D’Alembertr 
Ij^leri Theoria Corporum folidorum feu rigidorum, 

Borelli (Alphons) de Percuffione. 
See alfo M‘EaiirifPs Fluxions, and his Account of 

Newton’s Philofbphy, 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 colledlion of experiments and reafonings ; all of 
which receive a complete explanation by the 39th Propi 
Princip. Neutoni I. or our n°9$. Dynamics. There arc 
alfo many very acute philofophical obfervations in Lam* 
herds Gedanken iiber die Grundlehren des Gleichgerwichtst 
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 
fubjedt at great length, but not very judicioufly. We 
do not know any work which treats it with fuch per- 
fpicuous brevity as M‘Laurin’s Account of Newton’s. 
Philofophy. 

END OF THE FIRST VOLUME. 
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