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On the Mechanifin of Nature ; or the ufe of natu-
ral means 7z the producing of phyfical Effects.

iisHi - Al Prinnd

Zhe Introdution. Some occafional refleétions on the preju-
dices' of philofopbers. Apology for the author, with an

account of bis defign. Two different [yftems of philofophy
. briefly explained.

OD having created the world for the benefit of all
G mankind, every man has a natural liberty of en-
- quiring into the ftructure of it, and examining the
various motions that appear in it, with their feveral depen-
dences, circumftances and caufes: a {tudy highly commend-
able, if confidered only as an inexhauftible fund of innocent
amufement, but worthy of a better name, when applied to
its proper ufe: for if it be not our own fault, we may orf
of the good things that are feen know bim that is; and &y
confidering ‘the works, be led to acknowlege the power, good-
nefs, and unfpeakable wifdom of the workmia/ler.
okt : A In



24 & O Tur MEGHANISM

IN this inquiry, though a man may reap many advantages
by {feeing with the eyesTof othersy who could fee farthér'than
himfelf, and is greatly to be blamed if he does not tnake
ule of the opportunity ; there is certainly no law that obliges
him to keep his eyes fhut, where his own fafety and fatif-
faction require him to open them. The conftitution of the
world, together with the powers, caufes o principles upon
which the operations of nature depend, being matters of
fact, and not points of fpeculation, it is evidence: alone that
can lead ws to any rational determination. AR

My defign at prefent therefore is to colle@t as thuch of
this evidence, as the cafe can reafonably be thought to re-
quire, and. lay it before the publick,-without any regard to
the fyftematical reafonings, or reputed authority, of this or
that philofopher. in particular, In the profecution of this
defign, I fhall endeavour to exprefs my mind with freedom
and impartiality, as a man ought in confcience to do, who
has no' private ends to ferve, and does not defire,  that ‘the
value of ‘what he has written fhould be determined by the
favour of his friends, but rather that his enemies, if he has

any, would rigoroufly compare it with their own obferva-
tion and experience. - - o
7/ Ir we are not free from-thofe vulgar prejudices — that it
is a great misfortune to be fingular — that the multitud
(who have been always changing) muft neceflarily be in
the right —and that the /z/# writer, who has obtained a
name in any fubjed, is to be followed implicitly in every
thing he has propounded ; we fhall be afraid to emgusre, and
to endeavour to advance the progrefs of true and ufeful know-
lege, as we all profefs to do, and all ought to do; but fhall
rather fall upon the fruitlefs labour of accommodating every
new difcovery to the principles we have already received,

looking
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0 F ‘ N A T U R E. _3
f!ooki’ng at the fame time with a fufpicious eye on every wri-
ter, who with regard to any particular article would turn
us out of the beaten track, An ancient maxim of the once-
celebrated Zhomas Aquinas — Cave ab illo qui unicum librum
Jegit — deferves to be confidered by all thofe, who dare not
venture abroad in queft of truth, but behind the back of
their tutor: in which fituation, they may poflibly fee fo
much of Aim, as to be able to fee nothing elfe.

It will readily be granted, I fuppofe, that {fuch a pradtice
as this is very childifh and abfurd, provided the obfervation
be applied only to the prejudices which once reigned in fa-
vour of Ariffotle, Des-cartes, or the Chymifls : yet it fo hap-
pens, that if an author comes home to his own times, and
ventures to look into any of the pretenfions of the prefent
age, he is in danger of being affaulted by all that meet with
him ; and generally with the greateft vehemence by thofe
who are the moft fuperficial in their knowlege.

Tr1s confideration, I frankly confefs, hath fometimes had
fo much weight, and appeared fo formidable to me, that I
have been almoft tempted to throw my pen into the fire,
rather than employ it againft any current opinion. A fin-
cere love however of the fcience of nature, and a confirmed
perfuafion both of its ufefulnels and its importance, ought
to prevail againft thefe difficulties ; and they have prevailed
with me, to try, in the firft place, if I can difpel fome of
that learned darknefs with which the {fubje& has been over-
fpread, and open the way to a better underftanding of it.

"AnD here I cannet but reckon it a great adtantage to
truth, though it is none at all to m}f{'elf that in perufing
the fcﬂlﬂwmg {heets, the reader is in no danger of being
dazzled or mifled by the influence of a name fo inconfider-

able as that of  the author; who has no popular prejudices
A 2 to



4 Ox-tur MECHANISM

to appeal to, and cannot expect to be heard upon any con-
{iderations, but the importance of the matter, the clearnefs
of the faés, and the ftrength of the arguments, he has to
propole. |
Wry this attempt fhould give offence to any perfon, he
~cannot well imagine. For if we divide the world of philofo-
phers into two partics, fome of whom are influenced by an
undiffembled zeal for the Chriftian faith, while others are
net afhamed to declare that they have no religion at all;
the former, I prefume, can have no good objeétion to any
phyfical difquifition, which is condué&ed with fubmiflion
and modefty ; it being impoflible that true religion and
true philofophy fhould be at variance; becaufe He who
created all thofe works, which are the proper objeéts of na-
tural philofophy, was alfo the author of divine revelation;
and God is not divided againft himfelf. And unlefs it were
In my power to point out fome particulars, in which this
difquifition may prove to be of fervice to religion, I fhould
be able to give but a poor account of thofe many hours,
which I have been obliged to borrow from that profeffion
and ftudy, to which the providence of God hath more im-
mediately called me. As to the latter, they I think who are
fo forward to tell us, they have reje¢ted all human autho-
rity, and can zhink freely in matters of religion, will not be
very confiftent with themfelves, if they are angry with me
for thinking as freely in matters of philofophy. }
‘THis ought to be remembered likewife for the fatisfa&tion
of all parties, that if the method of explaining natural ef-
feés, now in vogue amongft us, be eftablithed on fufficient
proof, or rather, as it is commonly reported, on undeniable
demonftration ; all that I {hall occafionally offer againit it,
though it may puzzle fome fuperficial readers unacquainted
| with
Vd
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— with the fubje&, will not weaken it in the opinion of .any
man of true learning and judgment. If it be not eftablifhed
on {ufficient proof, what harm will there be in difbelieving
it? we fhall then be at liberty to turn our thoughts another
way, and may be looking out with fome better profpeét of
fuccefs, And as it appears, to me at leaft, that no Phyfical
£iffec? is really explained or underftood, unlefs it is deduced

. from a. Phyfical Caufe, the exiftence and operation of which
can be experimentally demonftrated ; I thall humbly endea-
vour to (ﬁew, that the modern philofophy, although it has
carried natural knowlege to a great height in fome refpeéts,,
can furnifh no found arguments or real objections. againt
the azechanifin of the natural world ; and that in every thing
it has advanced againft this mechaniim, it doth itfelf pro-
ceed upon fuch principles, as are arbitrary, and unfupported
by any evidence that is truly philofophical or phyfical.
Thefe I know are very bold affertions; but if the reader
will only prevail with himfelf to bear with me for a while;
and have a little patience, he may perhaps find {fome rea-
{ons, more confiderable than he is aware of, for being of the
fame opinion.

EvEery perfon, who makes ufe of his fenfes, muft needs.
be convinced, that the matter comprehended within this vi-
fible world is full of motion; and the learned have very
greatly doubted, by what means, and after what manner;
this motion is fupported and preferved. Some of them, ac-
cording to their own accounts, begin with the two princi-
ples of marter and a woid [pace. To their matter they give
this capital Lgw, that if once moved, it fhall continue in
motion, becaufe it has no power to flop stfelf. Thus they
elude the neceflity of providing any phyfical caufe for the
confervation of motion, and fave themfelves all that trouble,

which
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~which they might otherwife have in fearching after it. Then,
from the principle of a vacuum, or {pace void of all fenfible
matter, they propofe the two following advantages; that a
body will have 70072 wherein to move, and that being once
{fet a going, there will be nothing in the way to obftrué&t or
diminith the quantity of its motion.

I~ this manner: they account for the continuance of that
motion which is rectilinear : but then for the producing of
other motion in curves and compounded direétions, with
which nature is obferved very much to ‘abound, they fup-
pofe an emifiion of immaterial virtues or forces, propagated
through their vacuzum from one parcel of matter to another
far diftant from it. Thefe virtues are of two forts: by the -
one of them, one body is fo affected by another, as to
be drawn nearer to it; by the other, it is caufed to recede
from it: and neceflity requires upon fome occafions, that
the fame parcel of matter be allowed, and that in all its
component parts, to have both thefe powers, though con-
trary to, and deftructive of one another. The names by
which they have been diftinguifhed in different ages are eySpa
and e, love and batred, [ympatbhy and antipathy; and
now they pafs current under the fathionable terms of a#trac-
tion and repulfion. -But I prefume if we were to call them
a pulling without any bold, and @ pufbing without totiching,
we fthould defcribe all the fﬂnfe they have, as well as diftin-
guih one from the other, How or when thele qualities
came into the world, and wéhaz they really are, ' this fort of
phlloﬁaphy thinks itfelf not concerned to declare ;- but mﬂ}'
to aftirm that there are fuch; and if prefied cither with
difficulties or abfurdities, has thls to offer in its defence, that
the world is over-ruled by a fupreme intelligence, which can
a& in any mannery and which appears from fome obfervations
to-a& in zAss manner. . THESE

-
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| Tarsk are fome of the ontsines ofi that' cofmographical

fyftem, which was taken up, and cultivated with all the
' metrical {kill of the great 8ir ffaac Newzon 5 who, as an
honourable author has truly obferved of ' him, 'was ‘made
by mature andinclination - for ‘mathematical ftudies.” *
Moft of sour celebrated mathematicians, who are led by a
patural bent to a like method of (reafoning, are confident,
that he has transfuled into phyfical fubjeéts the certainty of
geometrical demonftration, = Hence they tell us, he bas /e-
cured bis philofophy. from the bazard of being difproved ; and
have accordingly befpoken all the difcoveries that fhall hap-
pen to arife in furure ages, which, it leems, are to con-
firan and’ enlarge bis doftrines, but can never refute them. +
Whether the cafe does 'in all 'points'come up to their de-
{cription of it, we fhall be better able to judge, I hope, from
the contents of the following fheets.

Or1rer philofophers there are, who believe the frame of
nature to be'a perfe& and well-ordered 'machine : in other
words, that the vifible {yftem' of the world, created, dif~
pofed, and fet into motion by the finger of God, a&s as a
mdchine does; a connetion and communication being pre-
ferved between all the diftant parts of it; for if you inter-
rupt the contaét of a machine, you deftroy its motion in all
thofe parts from which the communication is cut off. More
particularly they aflert, that the fluid @therial matter of the
heavéns a&s by impulfe on the folid matter of the earth; is
inftrumental in every one of its producions; and neceflary
to all the ftated phenomena of nature. Hence they divide the
elements into aé7rve and paffive; not that they are fuch by any
inberent or effential difference, but that according to the or-

/ ® See the life of Dr. Fobn Nerth, p. 260. - -

y T See Maclawrin’s Account of Sir Haar Newron's Difcoveries.
-

der
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der eftablithed by the divine archite@, they are obferved to
fubfift under thefe different relations. |

T u1s fort of philofophy cannot pretend to be zew. Cer-
tain it is, that all the defcriptions and allufions in the facred
writings agree to {uch a {cheme of pature rather than to
any other. And that the moft ancient heathens were in pof-
feflion of this knowlege, I fhall take occafion to fhew,
before I finith what I have to fay upon this fubjeét. When
it was in their hands, ‘the afive elements had a principle of
intelligence alcribed to them, and were taken for the Gods
that govern the world., -But with thofe who are taught, that
the r7ue God i1s diftin& from and above the world of matter,
though virtually prefent in it by a providential infpeétion
and fuperintendence, it will only {erve to inlarge their ideas,
by fetting before them the vifible evidence of that divine
wifdom, which, with fo exquifite a contrivance, and fuch
a fimplicity of defign, hath adapted phyfical caxfes to the
production of their refpective effects: it will introduce them
to a knowlege of zbings, inftead of leaving them to founder
in a fet of hard words, which as I fhall hereafter fhew
have not yet been defined, nor ever can be fo long as the
world lafts. ' |

SomeTHING like to this was attempted in the daft century
by Des-cartes : but his method of deducing the knowlege
of phylical caules a priori was very exceptionable. - He was
fo fond of being thought an original, that although an*uni-
verfal fubtile matter does certainly exift, he ftated the cafe
in fuch a falhion, as to render it fufpected ; and having af=
figned a motion to his elements not agreeing with experi-
ence, and fuch as cannot be made {enfe of; {o long as Kep-
ler’s law is admitted, his byporbefis was eafily brought into
difrepute. Many of the learned, howeyer, in other countries

do
A
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ftill endeavour to make the beft of it; rather becaufe all
experiments thew them the abfurdity of a vacuum and the
infufficiency of attraction *, than that they believe the {y[-
tem of their mafter to be abfolutely perfect. And here let
me obferve by the way, that where nature is the {ubject of
inquiry, no error can be more unfortunate, than that of rea-
foning @ priori. Men have no right to affume the character
of lawgivers to the works of God, but muft be content to
borrow from them all the laws of their own philofophy ;
and tll they will condefcend to do this, there can be no-
thing but ufelefs wrangling and difpute, even in regard to
firft-principles and fundamentals. Des-cartes was of opinion,
that the world is dire@ed by fome {ubordinate and mecha-
nical caufes. In which he feems to have been right only by
accident; for as to the kind and quality of thefe caufes, he
{fearched no farther than his own brain, and negleéted thofe
undeniable pheenomena, with which his caufes are not to be
reconciled.

Sir Jfaac Vewton, on the other hand, was very diligent in
ftudying thofe phenomena, which belong chiefly to the clafs
of natural effeZs ; in the adjufting of which he makes a great
figure; but unhappily folves the whole government of the
created world by a zoffrum, which hath néver yet been un-
derftood ; and in the application of which, he was not very
confiftent with himfelf, as we fhall find hereafter.

Tue followers of NVewton and Des-cartes, having thus ad-
mitted fomething which is arbitrary in the very foundation
of their fchemes'; - we can never exped to fee their difputes
brought to any iflue, fo long as there are men equally learn-
ed and ingenious on both fides to perpetuate them.

* Coufult De Gamacher Aiftron. Phyf. p. 3;411 &c. Regmault. Entret. Phyf. Vol. 3. p. 322
&c. Bameres. Examen. p. 28. & alibi pafl. Le Plufche. Hiil. of the Heavens. Book 2. c. 10.
As for the 4bbé Nollet, he refers us for his fentiments to the 488 Je Plufihe.

B 7/ WHILE
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WaiLe thefe able philolophers are contending with each
other, fome in the purfuit of fame, and others in the purfuit
of truth, without being able to agree where and with whom
it is to be found, I fhould not dare to interpofe in fuch a
fubjet, unlefs I fufpecied natural philofophy to be a much
eafier thing than they have made of it; and {uch, as a plain:
man, who only confults the proper evidence, and pretends:
to no more wifdom than the reft of mankind, may be able
to {trike fome light upen. This however cannot be done in
fuch a manner as to be attended with any good effed, till
it is firft determined, whether the operations of nature are
immediately owing to mechanical caufes; or whether they
are conduéted after a manner unknown to us in emp
fpaces, Thofe who affert the latter are {fuppofed to do it
with demonflration on their fide. It would be vain therefore
to defcribe the mechanifm of the world, and defcend to the
confideration of any particular effe@ts, {fo long as even the
general method of {olving effeés by the operation of mecha~
-mical agents is thﬂught to be an abfurdity. ' This method
of phllﬂﬁ}phlﬁng is the very thing, againft which, fome of the
demontftrations, that have gained moft credit with the learn-
ed, are directly levelled: and the writings of our modern
reaﬁ:-ners, whether metaphyficians or mathematicians, are
ftored with objections, not only againft the reality, but even
the poflibility of a mechanical agency. To thefe their ob-
jections I fhall now addrefs myfelf particularly, and endea-
vour to fhew, that not one amongft them all is of any force.
As to their prejudices, 1 do not undertake ‘to remove them :
but leave it to time, and a farther knowlege of things, to

wear off all fuch impreflions as will not bear to be reafoned
with.

ORI B 4
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<A reply to the principal objeltions in Dr. Clarke’s Letters 2o
~ Mpr. Leibnitz.

T will be allowed me, that the celebrated Dr. Sazue!

Clarke, when he undertook to defend the Newtonian
philofophy againft Mr. Leibnitz, an able Cartefian, under-
ftood what he was difputing about, and hath faid the beft
that was to be faid upon the occafion. If this thould give
but little trouble, we have not much to fear from any body
elfe.. He has brought together feveral arguments againft the
do&rine of a general mechanifm in nature; the firft of
which, if it can be called an argument, confifts in barely
afferting the /mpoffibility of 1t. Certain portions of matter,
{ays he, are obliged to follow each others motions by an adbe-
Jion of parts, which no mechani{m can account for.*

Now that the parzs of bodies are made to adhere toge-
ther, and fome of them very ftrongly, is an undoubted mat-
ter of fact; that zo mechanifin can account for this, or that
it cannot be occafioned by the adtion and preffure of fome
mechanical agent, is what Dr, Clarke ought to have proved :
inftead of which, he takes it for granted; and would put
‘the labouring oar into the hands of his adverfaries. ' For,
‘having mentioned this opirion of Mr. Lebnitz, that the con-
‘tinuation of ‘motion in' the heavenly bodies, the formation
‘of planets, &c. are mechanical operations: whoever, fays
he, entertains this opinion, is, I think, obliged in reafon zo
be able ‘to' explain particularly, by whar laws of mechanifim

b Colleftion of papers between Mr. Leibuitz and Dr. Clarke, p. 363
B 2 the
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the planets and comets can continue to move in the orbs they
do thro’ unrefifting {paces ; and by what mechanical laws
both plants and animals are formed. *

Bur this is the ftrangeft tafk that ever was impofed fince
the labours of Hercules : for we muft firft allow: this author
to empty the celeftial fpaces of all matter, and then fall to
work to account for the motion of the planets in thefe fpaces
by #echanifms ; and we muft do it particularly, {o as to give
general fatisfaction, without failing in a fingle article. If
thefe fpaces be void of all refjffing matter, it follows of

courle that they are alfo void of all /mpelling matter ; for
the fluid that cannot refift in fome cafes, will never be able
to impel in others. So that this 7reafonable demand, as he
thinks it, is no other than this we are to explain all
things mechanically ; but then we muft take care to do it
without mechanifm. It is not the method of a fair difputant,
to require an adverfary to difarm himfelf, and to fubmit to
{uch a ftate of the cafe, as will render it impoffible for him
to fucceed, and prove him to be very weak indeed, if un-
der fuch circumftances he fhould ever fet about it.

Brsipes, there is a great want of perfpicuity in Dr.
Clarke’'s way of exprefling himfelf; it being hard to conceive,
how the motion of a planet or a comet can be continued
by any law of mechaniim. By fome mechanical caufe, and
according to fome particular /ew, it may perhaps be conti-
nued : but his expreflion fuppofes, that the law, aﬁ‘er which
any motion is continued, is itfelf the caufe of its continu-
ance. The word /aw, in a ph}rﬁcal fenfe, means nothing
more than that degree or praparrraﬂ, according to which
fome caufe is obferved to produce its proper effe¢t; as thatof .

* Colleétion of papers between Mr, Leiénitz and Dr. Clarke, p. 363.

-~
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the effe& decreafing as the {quares of the diftances increafe,
18 the law according to which the caufe of gravity is obferved
to act. And though I may here feem to be criticizing on
words, yet whoever examines the affair of laws, caxfes, pow-
ers, principles, and gualities, as they are {et forth by fome
modern philofophers of great name, will difcover no fmall
embarafiment; of which I could give fome curious inftances.
‘The truth is this; being ignorant of . phyfical cax/es, they
have endeavoured to argue {uch. things out of the creation,
and have put thefe /aws into their place; which has pro-
duced a fort of equivocation, very unintelligible to thofe who
are not apprized of it.

I'r the queftions abovementioned were rightly put, there
would be no fuch great difficulty in replying to them. Thus,
if it be required, what mechanical caz/e is prefent in the ce-
leftial fpaces, to continue the motions of the planets and
comets ? our fenfes tell us, that Jghz is diffufed throughout
thefe fpaces: and we learn from feveral experiments, parti-
cularly from thofe of e/eé?ricity, that the matter of light can
impel and refift, and that with a degree of power hardly to
be believed but by thofe who are witneffes of it. That the
heavenly bodies can move in {paces filled with this matter,
and yet feel no refiffance from it, is not to be demonftrated
by any phyfical proof. I know very well what is commonly
urged to the contrary from the zbeory of refiffances, of which,
in due order, I hope to give a fatisfactory account.

Ir it fhould alfo be enquired, after what /aw of mecha-
nifm this caxfe will a&, the anlwer is eafy ; there being but
one law known to us, which a fluid, iffuing in ftrait lines
from a center to a circumference, can poflibly obferve; and
it 1s this, that its force will decreafe as the angle grows wi-

der ; or to {peak more ftrictly, its force will always be in-
verfely

e



14 Ox Tt MECHANISM

verfely as the fquare of the diftance from the center. Dr.
Gregory, in his elements of aftronomy, vol. I. p. 506, has a
propofition, wherein he demonftrates that the quantity of
illumination on the fame {phere, placed at different diffances
from the lucid body, is reciprocally as the fguares of the
diftances: and this 1s {o well known to every mathematician,
that it is needlefs to infift upon it.

Hence it will follow, that if the rays of light, or any
other @therial matter, whether iffuing froz the fun as from
a center, or prefling zoward the fun as toward a center, have
any fhare in the motion of the earth and planets, the in-
fluence of fuch an agent will be reciprocally as the [quares
of the diffances : its power will increafe and decreafe accord-
ing to the fame law, and for the fame reafon too, that the
quantity of illumination does. This law was firft difcovered
by Kepler; and has been greatly advanced by the labours of
Sir Ifaac Newzon. But then I beg the reader to obferve, it
is a geometrical law ; and as geometry is not applicable to
immaterial eflences, but only to matter and guantity, it muft
alfo be a law of matter, that is a mecbanical law ; and if
the planets are moved according to a mechanical law, it
muft follow that they are moved 4y a mechanical agent, be
that agent what it will. For it would be abfurd to the laft .
degree, to believe that the action of an immaterial power, .
or the immediate influence of God himfelf fhould be found
to decreafe by a geometrical rule, and its force be capable
of being calculated at various diftances like the efflux of light
from a candle ! ~ 1

Suouwrp it likewile be atked, what mechanical agens is
concerned in the formation, growth, and fupport of animals
and wvegetables ; it is very clear from all experiments, that
in the common courfe of things, neither a plant nor an ani-

mal

v
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" mal was ever yet formed or {upported under the abfence ei-
ther of air or of beat; by the latter of which, I would al-
ways be underftood to mean, the e¢ffe? of fire. An egg
has air * inclofed at one end of it, to be expanded, and
made to prefs upon the contents by the Aeaz of incubation.
And what is ftill more remarkable, air is found neceflary,
not to the 7nfide only, but allo to the outfide of a fhell,
within which an animal is to be formed; for Mr. Boyle ob-
{ferved, that the eggs of {ilkworms will not be hatched within
an exhaufted receiver, though it be expofed to the {un’s
rays. '

y‘f’?: TH regard to plants, every common gardener could
have informed Dr. Clarke, that air and fire have an abfolute
dominion over the whole vegetable kingdom ; the expence
of ftoves, thermometers, and ventilators, might otherwile
be fpared, and the whole bufinefs of gardening tranfacted
in a vacuum. But this is fo far from being the cafe, that it
is really amazing to fee, with what an exaénefs the {everal
tribes of plants agree in their {fubftance, fizes, and proper-
ties, with the feafon and climare in which they appear, that
15, with the different and unequal diftributions of heat and
cold all over the face of the earth; of which pheenomenon,
Ifhall have occafion to take fome farther notice in a proper
place.

As to the body of man, the circulation of the blood,
and the {pontaneous motion of the limbs, if it can be fhewn,
that any of thefe motions are carried on without érearh in
the lungs, and beaz in the veflels, it will then be time c-
nough to affirm, that they cannot obferve a mechanical law,

* Cavitatis illius, in obtufa ovi parte, utilitates oftendam. .%em intra fe continet; ‘deoque
utilis et ad ovi vemtilationem ; ad pulli perfpirationem, refrigerium, & refpirationem; ac de-
nigue.ad loguelam. Unde cavitas illa primo gvigna, mox major; ac demum maxima confpicitur.
Harwty, de Gen. animal, Exercit. LXI. »)

or
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or depend on the actions of a material agent. So far as we
are able to judge from what appears to us, the circulation
of the blood, and all the animal fun&ions, are fuftained and
carried on by an internal heat, which keeps the blood fluid,
and by the external air prefling into the lungs. Thefe ferve
as a pump to draw the blood from the heart, and the air
keeps this pump in motion: Thus the air is to the body,
what the weight is to a clock; while the heart, with its
valves, performs the office of a pendulum, to gauge and re-
gulate the circulation. What I have here faid in few words,
might be confirmed at large from the obfervations and ex-~
periments of Swammerdan, Bartholine, Dr. Hales, and others.
Were the theory of animal motion to be ftated for us, as that
of the planetary motions abovementioned, this author {hould
have fet us to account mechanically for the motions of a
living animal from the example of a dead one; the motion
of the planets, in wnrefifling [paces, being juft as unphilo-
{ophical, and as hard to account for, as the circulation of
the blood in a dead corps. ey
I may obferve, upon the whole, that the way of reafon-
ing Dr. Clarke bhath chofen upon this occafion, can do no
fervice to any caufe whatfoever. His defign is plainly this
— to throw fome difficulties in the way, and then lay the
foundation of his own philofophy in that igzorance which is
common to us all. For fuppofe we are not able fully to ac-
complifth the tatk he has impofed, and give {uch a mecha-
nical folution as fhall be adequate in every inftance; muft
it be allowed, that there is no mechanical agency, till we
are able to explain particularly bow every one of its effeCs

are brought to pafs? There may be in nature a thoufand .
examples of a mechanical agency, where the particular maz-
ner of it hath not yet been dilcovered, nor the fubject per-
haps

e
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»~ haps ever examined with fuch a view. And in fome cafes,
I fuppofe, the contrivance of an omnilcient artift may, af-
ter all our labour, be above the reach of human obfervation ;
unlefs the mechanical fkill of God and man muft neceffarily
have the fame limits. |

To build a philofophy on thefe cafes is to begin at the
wrong end. The only courfe that can promife any tolerable
fuccefs, is to fet out with the cafes that are well underftood ;
and thence argue by analogy, to fuch as are more remote,
and difhcult of accefs. But to begin with the things that
are unknown is the way to create difliculties where there
were none before: and as we fhall moft probably try to
make things of a piece, our ignorance zhere will diffufe it-
{elf univerfally, and give a mixture of darknefs to the know-
lege we had already obtained.

D r. Clarke’s manner of obje&ing doth alfo give me a
fair opportunity of turning the tables upon him; and that,
as I am inclined to think, very much to the difcredit of all
his reafoning. For if it be true, that he who maintains
the mechanifm of the creation, is obliged in reafon to be able
to explain all efte@s in that way, and thew how every thing
is performed mechanically ; then it muft be equally true,
that he who maintains the contrary, and rejeéts the notion
of a general mechanifm, is obliged in reafon to fhew, that
nothing is performed mechanically. For if it can be thewn,
that mechani{fm prevails in any one inftance, it will lead us
to conclude, that it muft prevail in every other; upon a
bare prefumption, that nature has a wife author at the head
of it, and is governed by confiftent laws, not by fuch as
are capricious and contradi¢tory. The wifdom of God will
be uniform in its operations ; and if it works with #atural
means in fome cafes, and we can be well affured of it, I

C may

.
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~~may venture to fay, it does not work without them in any’;
thofe only excepted, wherein the eftablithed ceconomy of
the world 1s interrupted by fome immediate aét of divine
power, or a miraculous interpofition. But thefe are more
properly the {ubjeéts of divinity, than of natural philofophy,
which confiders nature as i 75, and in its regular courfe;
not as it may happen on fome certain occafions, and for
{ufficient reafons, to be thrown out of its courfe.

To argue from the abfolute power of God, exclufive of
his wifdom, and that he is aéble to a& by the unmechanical
forces of attraétion &c. would but ill become thofe, whofe
proper bufinefs it is to thew how things 47¢ done, not how
they might be done. Without doubt, it would have been
pofiible with God to have given man the fenfe of Jeeing, on
very different principles from thofe at prefent eftablifhed.
The power of God wants not the mediation of light, to con-
vey to us a perception of diftant obje@s; but his wi/dem
hath been pleafed to make ufe of this fluid medium, as the
natural inftrument or phyfical caufe of vifion. The eye is a
compleat piece of optical machinery, perfeétly analogous to
a camera obfcura. 'The chryflalline humour, lodged near the
protuberant part of it, is a double convex /ess or magnifying
glafs ; the pupi/ anfwers to the hole in the window-{hutter ;
the Iris is a moveable curtain, to enlarge or contraét the
pupil fo as to admit a proper quantity of rays; it anfwers
the fame end as the apersure in a common telefcope ; and
the retina, which is an expanfion of the optic nerve upon
the back part of the eye, is the fheet, upon which the images
of the obje&s are properly coloured in miniature. What oc-
cafion for all this apparatus, when fome quality with an
hard name might have anfwered the end as well ?

3

Is
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Is not this alone fufficient to convince us, that the wif-
dom of God hath chofen to a& with natural means; that
is, with the inftrumentality of a fluid medium, and matter
properly arranged to receive its impreflions? 1f this is done
in oze part of the body, my reafon will be fuggefting to me,
it 1s done in a//; that as the optic nerves are acted upon by
a material medium for the purpofes of vifion, fo the Jungs
muft play, the deart beat, the blood circulate, and life, {enfe,
and motion, be kept up throughout the whole human frame,
on the fame plan of mechanifm.

AnD if the body of man, which many philofophers
have confidered as a leflfer world, be of a piece with the
greater, as the fame way of reafoning, if carried forward,
will incline us to fuppofe; the motion of that too is kept
up by natural means. The fame fluid medium that gives
motion to the lungs, or fight to the eye, may conduét a
planet in its orbit, and produce all the various appearances
that have fallen under the obfervation of the moft induftri-
ous naturalift. As there are no vacuums, no attradtions,
no repulfions in the human frame, but all is carried on by
the impreflion of material forces, there is no reafon to con-
clude that thefe #zaginary principles (for fuch I fhall prove
them to be) prevail in the planetary regions; but rather,
that all things are conduéed by a like method even there
alfo.
~ Tue parallel now before us will ferve to dete& the weak-
nefs of that common argument againft a plenum, and a me-
chanical agency, which is drawn from the doétrine of rg/i/?-
ance. Some learned men are of opinion, that if the fyftem
of the world were full of matter, a planet muft very foon
lofe its motion. But this argument will make a very indif-
ferent figure when applied to the human body. There, I

C 2 think,
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think, we have a plenun undifputed ; and the blood, once
in motion, is refifted by every artery in the body ; the {um
total of which refaftance, as Borelli * has computed it, is
almoft incredible. He makes it equal to 180,000/%. Yet
this ##voluntary motion continues without any diminution
of it’s velocity, till the machine is quite’ worn out, or till
the providence of God is pleafed to put a ftop to it by fome
thorter method.

Can any man think he impofes an unfurmountable dif
ficulty upon God, becaufe he can prove, that the fluids of
the human body muft meet with a refiftance to their mo-
tion ? Muft the frame of man be turned into a wvacuum
upon this account? the fa& itfelf isa fufficient anfwer to all
fuch pretences. And if the blood is not ftopt in its circu-
lation by the refiftance of the folids, why fhould the refift-
ance of a fluid ftop the circulation of a planet? for doubt-
lefs, if the divine wildom hath contrived a way to overcome
this refiftance in one inftance, it may in another ; and the
argument for a vacuum, deduced from the zeceffity for fuch
a thing, will be very weak and inconfequential. But of this,
more hereafter. '

To induce us wholly to give up the affair of mechanifm,
the author of the papers againft Mr. Leibnitz has added
the following confideration. = ¢« That things (fays he) could
““not be az firft produced by mechanifm, is expreflly allow-
“ed: and when this is once admitted, why after that fo
¢« great concern fhould be thewn 2 exclude Gods aflual go-
““ vernment out of the world &c. I can no way con-
¢ceive.” +

* De Mot. Animal. P, II. prop, LXXIIL + Ibid. p. 365.

We
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" We have an ambiguity here in the terms, which ought
to be removed. For if by produced he means created, no fober
man, I fuppofe, will difpute that point with him; it being
certain, that creation was no work of mechanifm, but a pure
act of the will and omnipotence of the creator. If by pro-
dultion, he means that formation of terreftrial fubftances,
plants, and animals, which was f{ubfequent to the act of
creation, it is certain, that in that formation and difpofition
of God’s works fome smaterial agents were employed, even
the fame that operate to this very day. The zazural agency
now in difpute, was the fi»/ article God thought proper to
fettle in the difpofition of the world : asr, /ight, and the
Sirmament of beaven, were firft prepared and put into ac-
tion: after that the formation of all other things followed
in their proper place.

Ir Dr. Clarke could have fhewn, that trees and plants
were made to grow before there was any /ighs or air to be
inftrumental in the procefs, he had done fomething to the
purpofe: but as far as we can learn, his {cheme of philo-
fophy agrees no better with the o7/gi# of nature, to which
he here appeals, than with the prefent frame and conftitution
of it f - ¢ :

A s for excluding God's government out of the world, it
that was the defign of Mr. Leibnirz,- he muft anfwer for it.
But it can never follow, that if a fecond caufe be interpoled,
the fir# caufe is for that reafon excluded: no man would
be fo weak as to affirm that; becaufe every fecond caufe, as
fuch, muft depend upon the fir/f. The author therefore has
thought proper to call it an affwa/ government; which
muft mean either smmediate or real. If he maintains, that
the agency of the divine effence is #mmediate in the produc-

tion of natural effeés, which, in the judgment of fome, is
the
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the grand arcanum of the modern mathematical philofophy,
it is incumbent upon him firft to prove, that no fecond
caufe, created effence, or material agent is fitted for the
purpofe ; which inftead of being proved is hitherto taken
for granted. If he means, that the 7ea/ government or
providence of God is excluded ; neither will it follow, that
his government is lefs 7ea/, becaufe he rules the world by
natural caufes under the direction of himfelf the fupreme
caufe. If this be a neceffary confequence, the feripture it-
{elf is chargeable with it; and where it inftrus us, that the
Jfun is made to rule over the day, it muft infinuate, that the
providence of God does not rule over the world.

Waen we {peak of mechanical caufes as doing any thing
in the world, Dr. Clarke will immediately take us up, and
conclude they are to do it of zhemfelves *, independent of
the divine power and wifdom ; which opinion Mr, Leibnitz,
with whom he was difputing, had exprefily difclaimed. For
my own part, I adhere only to the mazter of fal? ; and that
I know will bear me out againft all the metaphyfical fubtil-
ties in the world. But if the reader fhould be diftrefled with
any doubts in this matter, only let him remember that mat-
ter adts upon matter, not by an ¢ffential but a mechanical
power 1.e. by its motion : for in the natural, as in the mo-
ral world, we hold that there is no power but of God. If
this diftinétion be attended to, all that has been fo induftri-
oufly written in defence of immaterial impulfes in a meta-
phyfical way by the author of the enguiry into the nature of
the buman Joul, falls to the ground without any particular
confutation.

* Jhid.

C HATE.



Qiti N ATURE 23
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An Anfwer to a phyfical objection from Sir Ilaac Newton.

MEeeT with a third objecion, which may be properly

termed a phyfical one, and deferves a particular confi-
deration. I have explained (fays Sir Ifaac Newton in the
Jcbolium generale at the conclufion of his principia) ¢ the
‘ pheenomena of the heavens and fea by the force of gravity
¢« — which aés, not proportionably to the /urfaces of the
« partlcles it aéts upon, as mechanical caufes ufe to do, but
¢in proportion to the quantity of fo/id matter.,” The fame
thing is fomewhat differently exprefled by Dr. Clarke, in
his notes on Rohault’s phyfics.  There are innumerable phu—:-—
“ nomena of nature, and efpecially that principle of grav:-
¢ zation in all matter, which cannot pnfﬁbly arife from the
‘¢ smpulfe of bodies ; for all impulfe is in proportion to the
¢ {urfaces ; but gravlty is always anfwerable to the quantity
“of folid matter; therefore gravity muft be attributed to
¢ fome caufe which can penetrate the inmoft {ubftance of
Eolichmatter.” P.I, c.11, & 158,

A perfon who is tolerably converfant with the writings of
Sir Ifaac, would naturally apprehend, that this affertion of
Dr. Clarke is not confiftent with them. He has plainly de-
clared, that ¢ what he calls azz7aéfion may poflibly arife
¢“from #mpulfe.” Dr. Clarke on the other hand affirms,
that the fame aztraétion of gravity cannot arife from impulfe,
though Sir J/zac, wholfe philofophy he was defending, has
granted the pofhbility of fuch a thing. There muft either

be a flat contradiction between them, or fome diftinétion is
v wanted
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wanted with regard to the word smpulfe, for the clearing
up of this difficulty. The fecret then lies here; the 7m-
pulfe which Dr. Clarke denies, is corporeal impulle, and
fhould arife from the acion of fome impelling matter :
whereas that which Sir Ifaac Newton allows, is #ncorporeal,
if his Commentator Dr. Clarke, who muft be fuppofed to
have known his mind, has not mifunderftood him ; for thus
he has expounded the paflage — fieri fane poteft ut ea effi-
ciatur impulfu (non utigue corporeo™) It may be, that this
¢ (attradtion) is the effe@ of #mpuife, but this impulfe is 7oz
“ corporeal.”

Tue confequence which every intelligent reader will draw
from this do&rine of incorporeal impulfes, gave Mr. Leibnitz
and others occafion to charge the Newronian bypothefis with
the impiety of making God the fou/ of the world, as the
heathens of old did. But this matter is not now before me:
our bufinefs at prefent is to confider the force of this objeétion
{o far only as it is phyfical. It is in fact no more than this—
mechanical caufes ufe to a& in proportion to the furfaces;
but the caufe of gravity a&s in proportion to the quantity
of {olid matter; therefore that caufe cannot be mechanical.

Tuus much is certain, that every mechanical caulfe,
which is not fubtile enough to penetrate the contexture of a
folid body, will be ftopt at the furface; and the a&ion er
force of fuch a caufe will be proportionable to the furface.
If there were in nature 70 other mechanical caufes, but fuch
as act upon the furface, and it could be fairly made out,
this objection would be unanfwerable. It ought to have been
proved, that there really are no other; at leaft it fhould -
have been attempted : yet as far as I can find, it hath not;
and I think it never will be for the two following reafons.

“ Ui fupra.

Firsr,
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FirsT, becaufe there may be in fome cafes an impelling
matter, which is too fubtil for the oblervation of our bo-
dily fenfes: and to conclude that there can be no material
agency, where it does not dilcover itfelf to the organs of the
body, is rather too hafty. If the parts of man’s body were
of the fubftance of 7roz, and put together in the fame man-
ner, he would prabab]y feel the caufe of magnetifin, as

plainly as he now perceives the heat of the fun's rays, or
the blowing of the wind againft his face : but then it would
be of fmall ufe, to lofe the motion of the joints, and re-
ceive a polar direction in the body, merely for the fatisfac-
tion of feeling, that the caufe of magnetifm is material and
mechanical ; which perhaps may be difcovered, to as much
fatisfaction, b}f a more advantageous method.

My fecond reafon for believing that we are: to exped no
proof of this negative comes a little clofer to the point; and
it is this, that the oppofite afhirmative is evident from a great
variety of experiments; there being in nature fuch mecha-
nical caufes, as are able to penetrate the {olid bulk of bo-
dies, and whele action extends to every fingle particle of
which they are compofed. - The rays of /ghs can pafs as ea-
ily through the folid fubftance of glafs, if not sore fo, than
through the open air: and itlis plain, their effe¢t on 'bo-
dies is' not regulated by, the exterior furfaces,  becaule-an
hollow bubble of glafs hath the fame exterior {urface, whe-
ther it be empty, or filled with water ; yet the light is well
known to take a different courfe 'through it in thefe two
cafes. - If a leaf of goldibe held up between the eye and
the fun’s rays, they are not ftopt by the furface of it, as a
blaft of air would be, but pafs its fubftance with great eale,
and a appear as ‘a beautiful green: colour on the backfide of

thc leaf, ,iThe eleGrical fire, when put in motion, .w ill pals
D off
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off in a‘ftream through the denfeft bodies, and can penezrate
the inmoft [fubflance of their folid matrer ¢ the influence:
therefore of fuch a material caufe will neither be confined
to the {urfaces, nor be proportionable to them: and I am
willing to thmk, that if Sir Ifzac had lived to fee {fome
wonderful effeéts of this fluid, difcovered for the moft part
fince his death, he would have enlarged his notions very
much with regard to the natural power and extent of me-
chanifm.

Tuere is hardly a motion in nature, which this ﬂmd
when applied by a diligent experimentalift, is not capabie
of producing. ' It will give a 7e&filinear motion in. all di-
rections 5 will produce the motions of 7oration and revolu-
tion, as a commen fire will alfo do. It will keep a body
{ufpended at a certain ‘diftance in the air, without any vifi-
ble caufe, and make it turn {wiftly on its axis. It will ac-
celerate vegetation, increafe the motion of the blood in the
arteries, raife water into tides; and in a word will fhew
itlelf, as a watural inflrument, to be little lefs than all-fuf-
ficient,  Again ; common fire is a fluid, whofe impulfe
reaches to the {folid parts of bodies. A folid ball of iron will
conceive a greater quantity of fire, and be longer in parting
with it, than an hollow fhell of the fame diameter. Water
is enlarged in its dimenfions by the entrance of fire into it
hot water being {pecifically lighter than co/d : and it is.en-
larged fo equally thmughe«ut the whole fubftance of the
fluid, that it is certain the fire muft agitate cvery one of its
{olid partlcles, and by prefling agamﬂ: them in all dire&ions,
remove them farther afunder.

Frowm thefe and many other experiments open to com-
mon obfervation, it muft appear to every unprejudiced phi-
lofopher, that nature is furnifhed with a mechanical cauf?_,

whole
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whole activity is not confined to the furfaces of bodies, but
extends to their conftituent parts, that is, to their guantity
of Jfolid matter.

Tu e fagacity of Sir Ifaac Newton could not well over-
look this; and he feems to have apprehended fuch a thing,
having affirmed no more, than that mechanical caufes #/
to a& in proportion to the furfaces: but unlefs they a/ways
do fo, by a neceffary and invariable rule, the inference, that
gravity cannot be the effe& of fuch a caufe, is of no force
at all. And there is good encouragement to think, that
gravity not only may be the effeét of a material caufe, but
that it really 7s {fo; and that this caufe might poflibly be
pointed out, and proved by experiment, But I muft re-
member, that I am not now accounting for the difhculties
in natural philofophy, but only removing thofe objeétions,
which lie in the way to a phyfical {olution of them.

THERE is a phyfico-mathematical argument of fome weight,
which ought to be confidered, before I conclude this chap-
ter. It hath been objected, that grawvizy cannot be owing
to any mechanical caufe, from the manner in which f{uch
‘caufes are obferved to produce their effect.

. TwHus, for example, when a fhip is put in motion be-
fore the wind, the welocity of the wind, with refpect to the
fhip, will be lefs when the fhip has acquired Jome wotion,
than when it was at reft; thercfore the accelerations in equal
‘moments of time will be unequal. = After the firlt impulfe,
the acquired velocity of the body will' be fubducting more
and more from the relative velocity of the fluid ; on which
account, the accelerations in equal times will be lefs and
lefs, till the refiftance the body meets with in its motion,
becomes a ballance to the force that moves it ; at which point

D2 the
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the accelerations wholly ceafe, and the fhip thenceforward
goes on with an equal pace.

Tuis, it muft be confefled, is very different from the
manner in which the caufe of gravity produces its effect :
for this caule, whatever it may be, aéfs inceffantly or conti-
nually, and with the ﬁzfﬂg Jorce upon a body that is already
i1 motion, as wpon a body that is at refty which appears fr-am
hence, that :u‘ ;ﬁr‘m’.:me; equal accelerations in falling bodies in
equal times.’

Tuis property of gravity is manifeft from I'-:}me abftraéted
mathematical reqﬁ:}nmg, which Galileo confirmed by expe-
riment. If a body fhould continue to fall during the fecond
moment of time, with the velocity it had acquired at the
end of the firft moment; it ought to fall zwice as far in the
fecond moment, as it did in the firft. But it is obferved to
fall zbrice as far: therefore it has derived from its caufe in
this fecond moment, another z4ird quantity of motion, equal
to what it derived from it in the firft. And this law it will
continue’ to obferve in all the fucceeding moments, fo far as
human obfervation is able to follow it.

AccorpING to the received principles, this argument, as
here ftated, bears very hard upon the mechaniim of gravity.
What I have to offer againft it is this — that the accelera-
tions of a body, moved by wind or water, are continually
decreafing only upon this account — becaufe the velocity of
the body, after the firft impulle, approaches /fenfibly nearer
to the velocity of the fluid. If the velocity of the fluid
fhould be fo great, that the velocity of the body fhall bear
no fenfible proportion to it, the objection will vanith, And
this obfervation, I humbly apprehend, is applicable to the
caufe of gravity. For if that eflect is owing to any pbyfical

* Maclawrin’s Phil. Difcov. p. 241.
caufe,
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caufe, it will in all probability prove to be the fame with
that which produces fuch wonderful effeés in elericity ;
the welocity of which, is not to be meafured in any trials we
are able to make upon it; and for ought we know, may
be as great as that of the /igh# in its }Erugrcﬁ: from the {un
and planets fo that the velocity of a falling body, as far as
experiments have gone, will bear no fenfible proportion to it.
Therefore the effec ought to be, fuch as it is found to be.
M r. Maclaurin, from whom I have borrowed this ob-
je&inn, mentions it in very few words, and lays no great
ftrefs upon it. He thought it improper to determine any
thing from hence concerning the caufe of gravity *. And he
feems to have judged rightly : for whoever fhall hence de-
termine, that its caufe is nor mechanical, will undertake the
proof of a very extraordinary negative; fuch as muft imply,
that he is a compleat mafter of all natural {cience, acquaint-
ed with the utmoft extent and power of thofe mechanical
caufes, which were contrived and eftablifhed by a wifdom

that comprehendeth all things.

¢ Thid.

BT APV,

An Examination of the Argument for a vacxum, deduced
from refiffance and the wis inertie of bodies.

E are now arrived at that part of the {ubje&, where

all the admirers of demonfiration will expect to fee

me drop; that is, to the dorine of a wacwum, and the
theory
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theory of refiffances, upon which it is founded. The learned
gentlemen, who object to the fort of philofophy I am now
rt‘:commendmg know very well without being reminded of
it, that if they have proceeded without evidence in zhis mat-
ter, their whole fabric falls to the ground without farther
trouble: and if I cannot thew that they have, I am willing
to own, that all I have yet faid, or fhall hereafter fay, muit
in their opinion go for nothing.

ArvLowing then that there is a wacuum or void fpace in
the world, their argument is very fhort, and will ftand thus
— bodies are obferved to have motion in fuch a fpace ; but
that motion cannot be the effeé of any material caufe, no
fuch caufe being prefent to them.

SuourLb we fuppole this to be true, what a confufed and
hetemgenmus mixture of folutions will it neceffarily intro-
duce into all our phyfical difcourfes? That God does in
many cafes govern the world by material agents, and con-
ferve the motion of bodies by the aétivity of {fecondary caufes,
is beyond difpute. The fupport of animal life by éreazh,
the motion of a fhip before the wind, of the fap in vege-
tables at the approach of the fun’s light, of the mercury in
a barometer by the preffure of the air, of the fluid in a ther-
mometer by the expanding power cf fire, of bodies impelled
and driven off again by the flux and reflux of elefrical -
ther, with innumerable other pheenomena of nature, all con-
{pire to eftablifh this plain truth. And if it be an axiom in
phyfics, that more caufes are not employed where fewer will
{fufhice, how comes it to pafs, that thofe agents which con-
feﬂed]y minifter to fo many and great eftects, are not fuffi-
cient for the producing of all? fhall we allow, that God
governs the world by a fubordinate agency and mechanifm
in fome cafes, where that agency appears to us; and deny

1t
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it in others, merely becaufe we have loft fight of it, or be-
caufe it would make againft us? a philofophy that labours
under this difficulty, and is one while working with a ma-
terial caule, and in the next breath with an 7mmaterial one,
be it ever fo ingenioufly put together, will after all be liable
to this grand exception, that at beft it is zzconfiffent, and un-
worthy of God. Every body muft fee and know, that there
are material caufes acting in the world; and he that denies
it, muft deny his fenfes. If thefe caufes are not fufhicient
to perform @/ the ftated operations of nature, then the crea-
tor hath made ufe of fuch means, as are not proportionable
to the end. If the Creator himfclf performs them by the
immediate agency of his own fubftance, then is there no
need of any ozher caufes ; they are all fiperfluons. But that
there are other caufes is abundantly evident ; therefore they
muft be capable of anfwering their end, and every material
effect will be immediately owing to a material caufe. What
I here fay is grounded on this reafonable poffwiarum, if it
may not rather be called an axiom, that the wildom of God
is confiffent with #tfelf in its operations ; and that he wants
neither power nor fkill to avoid the error of inconfiftency :
grant but this, and the argument amounts to a demonfira-
tion. 1 muft confefs, it appears to me to be fo unanfwer-
able, that if I could not take off the pretended evidence
for a vacuum, 1 thould neverthelefs be fatished, that it was
a fophifm, and impute its whole force to a want of fkill in
myfelf to lay open and dete¢t the fallacy of it. And now
let us proceed to give it a particular confideration.

I nave a manufcript-paper by me from a learned and in-
genious gentleman of Cambridge, wherein the argument for
a wacuum is ftated very clofely ; and he will not be offended
with me, if I take the liberty of fetting it down in his odW'n

words ;
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“words ; for I know how to honour a man of parts and dili-
gence, though we may happen to differ in fome of our fen-
timents.

«“ You will hardly (fays he) deny the vis 7nertie of mat-
“ter, which Sir Ifaac /Vewton, and every author, but the
< materialiffs think demonftrably eflential thereto, and pro-
¢ portionable to its quantity ; and therefore, that it muft
“ hold equally in the moft /ubtil @ther, as in the groffeft
<« matter. Hence it follows, from the different degrees of re-
“ fyflance to bodies moving in different mediums, that equal
< portions of different mediums contain different degrees of
““ vjs inertie, and confequently different guantities of matter.
¢ But how can different quantities of matter be contained in
<« equal bulks, without {fuppofing vacuities, at lealt in one
“of them? No fubtil @ther, pervading the pores of the
¢ groffer medium, will folve the difficulty ; becaufe fuch an
¢ wther mulft itlelf be #ore porows than the grofler medium,
«clfe through its vis inertie it would caule an equal degree
“of refiflance, contrary to fac and experience, Now what
“ can this porofity of the mther be, but interflitial vacuities @
“muft we invent another mther to pervade the pores of the
« former, then another, and fo on, till all the pores be fill-
““ed? But this only drives us again upon the difficulty we
¢ have been endeavouring to fhun; namely, that all bodies
““are egqually denfe, and ought egually to refift the motion of
« other bodies through them. This, allowing the w5 wmertie
“ of matter to be effentially proportionable to its quantity,
““is a flrict demonfiration of an interftitial vacuum : and
«« therefore difficulties ftarted againit it, though we could not
“folve them, ought not to move us.”

WE are now poflefled of the objetion in its full force.
All matter, from its vis snertie, or a natural indifpofition

to
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to cﬁange its place, muft give a refiftance to motion in pro-
portion to its quantity : and as we find a different degree of
refiftance to bodies mﬂwng in different mediums, there muft
be different quantities of matter in equal fpaces and con-
fequently there is juft fo much mwre of vacuum, or abfence
of matter, in one of the fpaces, as there is //s of refiftance:
where there is 70 refifiance, there will be 7o matter : fo that
we muft either corre&t the modern doétrine of the vis iner-
tie, or allow this to be, what Sir Ifaac himfelf hath called
it — demonfiratio vacui. As the vis inertie is a principle of
fo much cnnfequence, I am obliged to enter upon an expe-
rimental enquu*_v into the nature of it; in the pmgreﬁ-:: of
which, I think it will appear, that fuch an enqmry was ne-
ver made by Sir J/aac himfclf, nor by this ingenious gentle-
man ; who will find he has taken up with a principle, which
he never gave himfelf the trouble to examine. = For after all
that can be faid, experiment muft be the teft; and to that
I fhall appeal for the truth of what I am going to offer.
- We find then, that if a body be at reft, a certain force
is required to remove it out of its place; and this force is
ﬁlppufed to be neceffary only on account of a wis inertie in
the body: for which reafon, the force 1equlred muft in-
creafe, as zhe quantity of matter increafes in the body to be
removed. All this will be true, if the wvis mertie is true:
but it is contrary to fact. Let us fuppolfe this body to be of
a pound weight, and fufpended by a line, fo that on occa-
{ion it may vibrate as a pendulum. If you would move this
body in a diredtion #pward, the force required muft be fu-
perior to a pound ; if fideway, in the {fegment of a circle,
of which the point of fufpenfion is the center, a much ltfs
force will do the bufinefs; and this force bemg the true &n—
E X



34 On Toe MECHANISM

dex of the wis /mertie, if that be found to alter, though the
quantity of matter be fill the fame, it proves that the wvis
inertie is a changeable thing, depending on fome certain
circumftances which muft be taken into the account. And
it will appear, that if you can calculate the force which the
adion of gravity will have upon the body, when elevated to
any angle, you will then know what force is requifite to
gvercome its vis wertice or indifpofition to motion.

Ir the fame body be taken in the hand and left a7 ¢/ in
the air, no force at all is required to put it in motion dow-
ward ; for the caufe of gravity immediately fets it a going
in its proper direction. So that, ceteris paribus, the wvis
inertiee in all bodies, being more or lefs, juft as you concur
with or contradiét the ation of gravity upon them, feems
in faét to be no other than a confequence of their gravity.

WHEN we attempt to give a motion to a body different
from that of gravity, we find it already pre-engaged by a
determination toward the earth’s center : and this natural
force is making its effort every moment againft any foreign
force that can be applied to it; to which it is owing, that
projectiles, inftead of proceeding in a ftrait line, defcribe a
parabolic curve, If gravity and the vis inertiee were things
effentially different, and independent of one another, each of
them muft occafion a refiftance proportionable to the quan-
tity of matter; and the whole refiftance, as difcoverable by
experiment, would be the /u» of two different refiftances,
the one proceeding from the caufe of gravity, the other from
the vis inertie. But I am fully perfuaded, that in all entire
or detached bodies, we fhall difcover no refiftance to a change
of place, but juft fo much as ought to proceed from the
action of gravity upon them, and no more.

Ir
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Ir this be true, if the vis inertice be only the confe-
quence of another principle, two corollaries will arife, fufhi-
cient to difpatch all the argumentative part of the above-
demonftration. For then it will follow, that if we can alter
~ the ftate of a body in refpe@ of its gravity, or its natural
tendency downward, we fhall, at the fame time, alter its ftate
in refpe of its wis inertie, or natural indifpofition to move
when left at reft: the truth of which will appear from an
ealy experiment.

Taxe a light glafs bubble, and load it inwardly with
mercury or any other heavy fubftance, till it is precifely of
the fame fpecific gravity with water. This done, we will
fuppofe it to weigh two ounces. Let it now be fufpended by
an hair to the arm of a ballance, and laid at reft upon a
table : if you would raife it from thence, and give it a mo-
tion upward, you muft charge the other end with a weight
{ome {mall matter above two ounces; which may ftand for
the force requifite to overcome its vis inertie. Let the body
then be placed near the bottom of a veflel filled with wa-
ter; in which pofition it will remain at reft: but if you
would now give it motion in the fame dire@ion as before,
it may be done with a fingle grain, that is, with only one
thoufandth part of the force required in the former cafe.
The reafon of this {feeming paradox is this; the motion gi-
ven does really coincide with that of gravity, though in ap-
pearance it contradi@s it. For the body being of equal
‘weight with an equal bulk of water, when the body has mo-
ved out of the fpace it occupied at reft, an equal bulk of
water, through the ation of gravity upon it, has defcended
into that {pace ; and if we put 1000 for the force neceffary
to raife the body, and 1000 for the force of the fubfiding

52 water
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water, the difference between thefe two leaves a remainder
for the wis inertie = o. Some quantity however indefi-
nitely fmall muft be allowed to produce an imeguality be-
tween the body and the water; for where all things are
equal, no motion can enfue. But how much the vis smertie
has to do in this experiment, I leave to be determined by
better judges, when they have confidered it. ‘It may like-
wile be added, that after the bubble has been moved by a
force equal only to a fingle grain through a {pace of water
equal to itfelf, zwice as much matter bhas been put in motion
thereby, as would have been moved in a vacuum by a force
fomewhat fuperior to zwo ounces, becaufe the bubble has dif=
placed a quantity of water equal in weight to itfelf; and wa-
ter 7¢fiffs a moving body nearly a thoufand times more than
air. But how can all this be poffible, if an #difpofition ite
motion be effentially proportionable to the quantity of wmai-
ter o,

My {econd corollary applies itfelf directly to the demon-
ftration. As the vis snertie is a neceflary confequence. of
gravity, if there be any fluid, be it what it will, which aés
as the caufe of gravity, that fluid muft itfelf be void of gra-
vity, confidered as an effet, and confequently of that refaft-
ance which has been afcribed to the vis inertie. To fay
then, that the vis inertie muft hold equally in the mof} fubtil
@ther as in the groffef} matter, and that from the different
degrees of weight or refiftance, different quantities of matter
are contained in equal [paces, is to beg the queftion, that
gravity has no material caufe. But it would be unfair, to
demonftrate that it has none, merely by attributing to it
fuch a property, as from its nature and office it cannot pof-
fibly have. '

R
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It is incumbent therefore on all thofe, who would build
a philofophy on the wis snertie, firlt to thew us what it is,
and to prove by {fome experiment, that there really is fuch
.an original principle in matter, to be dilcovered aparz, and
independent of every other principle at prefent eftablifhed in
nature, . before they can raife from it one fingle conjecture,
much lefs a demonftration. I fay, of every other pnnmpte :
for a refiftance to motion may be occafioned by more prin-
ciples than one. A mafs of iron or ftone, firft examined
with refpeét to the principle of grawvity, then to that of co-
befiony or the application of its conftituent parts to one ano-
ther, will teach us, that the whok quantity may be put in
motion with refpect to the earth’s center, much more eafily
than Aalf the quantity can be moved with refpect to the
other half: fo that if the force with-which fome folid bo-
dies cohere; were to take place in matter, as univerfally as
gravity now does ; we might compute the vis inertie to be
ten thoufand times as great as it is, becaufe we fhould op-
pofe the cohefion of bodies, where we now ﬂppofe their gra-
vity,

WerEe all matter at teft, and the adion!'of sthe elements
made to ceafe, fo that not a fingle particle of matter {hould
have any determination to one fort of motion rather than to
another, that would be the time to make an experiment on
the vis inertice. But this principle, {o far as it is {fubjected
to examination under the prefent ceconamy of the world,
1 a thing unfixed and confequential, not uniform and in-
dependent, as the mathematicians have fuppofed; whofe
greateft misfortune it hath been, not to confider thmgs as
they are, but to feign an arbitrary and abftracted flate of
matter, and thence to argue upon it in its dependent ﬁdltf: 4

e when
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when they are really more different, than the ore of a metal
depofited in the earth, from the fame metal formed into the
wheels of a clock. And what is much more offenfive, the
fame philofophy which has given to matter an sndifference
to motion by the vis imertie, has alfo given it an inclination
to motion by the virtue of attraction ; both of them inhe-
rent (as fhall be hereafter fthewn) in the fame particles.
The former of thefe does indeed feem oppofite to materia-
lifin ; but the latter has {o ftrong a relifh of it, that a friend
to the principles of Spinoza hath blended them both to-
gether *.  And even Dr. Derbam, an undifguifed and
well-defigning author, has granted as much as Epicurus
himfelf would have required of him. It was his opinion,
that in zbe firf} production of matter, the great author of all
things INSPIRITED the materials of which the world con-
fifts with fuch an a&ive quality, as ferves to preferve the
globes entire, and enables them to revolve about their centres.§
If this pafiage does not allow to matter a power of direéting
itfelf, and conferving its own motions, I know not what to
make of it. But it is no concern of mine, fo I return to
the argument ; leaving it to thofe who pretend to have re-
nounced materialifm, to reconcile their own conjun& doc-
trines of #nert matter, and infpirited materials I

* See the Phyfical paragraphs in a piece entitled an Efay on Spirit.
t+ Aftro-theol. p. 148. g

G Heob
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CHAP V.

The argument from rvefiffance proved to be an abfurdity ;
as it implies, that the caufe of motion muft refift the mo-
tion which it caufes. A plain experiment to illufirate
and confirm the author’s reafoning.

HUS much, I think, may f{ufhice to thew, that the

celebrated demonftration of a wacuwm has fet out
wrong. It will be as eafy to prove, even waving all that has
been faid on the wis imertie, that it has concluded wrong ; if
the relation berween a moving body and a refifting medium be
rightly underftood.
- WHEN a pendulum is made to {wing in asr, water, or
mercury, the refiftance it meets with is greater, as the me-
dium is denfer : ‘and as a plenum of wther, fuch as the me-
chanical phﬂnfoph}r requires, would be more denfe than any
other fluid, its refiftance, they fa}r, muft be greater: no
motion could poﬂibl}r continue in it, But then as motion is
obferved to continue in the heavens, without any fenfible di-
minution, there can be no reﬁﬂance in the heavenly fpaces,
and confequently no matter of fufficient denfity to occafion
1t.
- TH1s was Sir Ifaac Newron's way of computing refift-
ances, and the ufe he made of them when computed. That
we may fee whether this doétrine agrees with expenence,
let us fuppofe a fhip, with its fails {pread, to be in motion
before the wind: every body muft allow me, that if the
wind 'were to keep its dlre&mn, and the fhip to have an

open {ea, it would go quite round the globe; and for the
fame
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fame reafon that it makes one revolution, it would make
another, and fo on ad infinitusn. Are we to fay, that the
air, in which it moves, is an warefifling medium 2 we ought
to fay this, if the demonftration abovementioned really is
what it pretends to be. But the truth is, a medium may,
in its nature, be a refilting one, and yet iz faf? give no
fuch refiftance, as fhall be any impediment to a body mov-
ing in it. For let any perfon tell me, how much refiftance
the thip receives from the air in this cafe? the anfwer muft
be, — lefs than none : the refiflance here is a negative quan-
tity ; and the fhip is {o far from' /fing its motion, that it
is continually 7ecerving it, as it pafles through the air; yet
it would be falfe to,affirm of air in general, that it is not d
refifting medium. As to the warer the fhip fails upon, this
being not the caw/e of its motion, will ferve to retard itj
but as the continued impulfe of the air behind, is {fuperior
to the fum of all the following refiftances, 1ft, of the air
before, 2dly, of the water the thip fails upon, and 3dly, of
the caufe of gravity which is continually acting upon it;
the motion will continue notwithftanding  thefe i1mpedi-
ments. ;

Were it to be laid down as a general rule from this
particular inftance, that watzer refifts motion, but air does
not ; neither will this coincide with experience. A cork, or
any other light body, thrown upon the ftream of a {luice
or floodgate, will be carried off with.it ; and as it is com-
mon for a confiderable part of the water to return again u
the ftream in a curve, if it be obftructed by the banks, and
have but a narrow outlet, the cork may come about with
it, and compleat its revolutions, {o long as the caufe conti-
nues to aét upon it. The water gives no more refiftance in.
this cafe, than the air did in the other: and thus it will

happen
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happen univerfally, that every fluid, where it is the cau/e of

motion, will not be found in that caﬁ: to give any refiffance,
be its quantity of matter great or {fmall.

WE are now prepared to return to the pendulum. If it
vibrates in asr, the air will retard its motion; and there 1s
a good reafon why it fhould do fo, for air is not the cau/e
of its motion. If in wazer, neither is that the caufe of its
motion ; and it will give a greater refiftance to it in propor-
tion to its quantity of matter, that is, in proportion to the
action of gravity upon it. If in guickfilver, it will meet with
a ftill greater refiftance, for the fame reafons. But if there
be any tlementary a:ther, acting as the natural caufe of gra-
vity in bodies ; it is juft as abfurd, to fearch for the refift-
ance of fuch p ﬂu:d from the motion of a falling body ; as
for that of the air, from the motion of a thip that fails by
it ; or for that of water, from the motion of bodies carried
down by a current of it. If one philofopher may conclude,
that gravity cannot be owing to any material fluid, becaufe
he has found, that this fluid does not 7¢/#? a gravitating
body ; may not another demonftrate with equal truth, that
a thip cannot fail by the action of the air upon it, becaufe
he finds, from the niceft obfervations, that the air does not
deprive it of its motion ?

Lest the reader fhould have fufpeéted me of a defign fo
prejudice him beforehand, and to m_lt& [cruples thrﬂugh a
want of better arguments; I did not obferve at the begin-
ning of this difquifition, that Sir .(/Emc had drawn two; op-
pofite conclufions from a capital experiment, relating to the
affair now before us, but it will be proper juft to mention
it in this place. Having caufed an empty wooden box to
vibrate as a pendulum, he loaded the fame box with 77

times its own weight of metal ; and in this latter cafe found
F the
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the motion to be retarded more than it ought to have been
by the theory. In two different editions of his philofophy,
he imputes this to two different caufes, without the leaft
hint or apology to his readers for fuch an important change
in his opinion. In that of 1687 he accounts for this, from
an increafe in the refiffance of the air, occafioned by a fwifter
motion in the heavier pendulum: and has demonftrated
clfewhere, that the refiftance of a fluid to a body moving
in it, muft increafe in a duplicate ratio* of the body’s velo-
city ; but this confideration hath no place here. In that of
1726, he imputes this fame effe@, without any repetition
of the experiment, to the refiftance of a fubtil medium a-
gainft the folid parts of the inclofed metal ; and mentions
not a word about the refiffance of the air. But herein, 1t
feems, he correéted his philofophy not for the better, it be-
ing abfurd, that the refiftance of a fubril wther fhould be
dilcovered in fuch a cafe as this. "

Twuis great man feems to have laid it down as the foun-
dation of thefe conjectures (for I hope they are not both -
monftrations) that an experiment, which requires machine-
ry, can be performed abfolutely without fri¢tion ; the con-
trary to which is well known to every mechanic. It is rea-
{fonable to think therefore that the fri¢tion between the hook
and ring, on which his pendulum fwung, muft have been
fomewhat increafed, when the ball was loaded with a weight
77 times greater ; and the difference he found, was no greater
than might arife from fuch an impediment, though the in-
ftrument were ever fo perfect. It is hard to fay, how a man

* The refiftance a body meets with from a medium, is as the velocity of the body, and the
fpace of the medium paffed through by it, multiplied into each other. But that fpace will al-

ways be as the velocity ; therefore the refiftance is, as the velocity multiplied into itfelf, that
is, as the fguare of the welocity.

of
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of genius, as he certainly was, could throw a plain experi-
ment into two fuch different fhapes, neither of which are
agreeable to reafon. Perhaps he thought it would fuit bet-
ter with the principles he was endeavouring to eftablith, not
altogether to deny the exiftence of a fubtil @ther, as he did
at firft, for that would have been too much; but rather to
enfure his: philofophy, and keep this ther from breaking in
-upon his {yftem, by imputing to it a degree of refiffance.
Whether the learned will confider of thefe things, I cannot
pretend to judge; in time perhaps they may: but for a
while, I prefume, he that ventures to interpofe, muft be
content to let the reproach fall upon himfelf. There was a
time when men had given up their underftandings to the
logic of the fchools * and the quirks of Arifforle; and woe
was to the man, who dared to publifh a {ufpicion againft
them. That fathion is now exploded, and we are all en-
flaved to the pretences of a mathematic certainty. But if the
do@&rine of a vacuum is really weak and without foundation,
this fafthion will have its period like the former, and we

* I will give a {pecimen of their mamner pertinent to the {ubjeft we are upon. It is a lpi-
eal demonfiraticn of a wacuum, extralted from Lib. 4. ¢. 6. of Ariflotle’s Phylics. Ov pag v do-
WEIn e MivATI, € U & miver T jap WAugls wiviaTer wrey d¥iwdtey & v difasre’ xay th1 dva iy 7w
swiw, &C. If there be no vacuum, ‘ther¢ can be ns loco-motion. Fir a fpace already full cannot
receive any thing into ity if it did, theve avenld e tave bodies in the fame place s avbich is an abfir-
dity Some l:? his Commentators put it thus — probatur aflumptio ; Euia corpus quod locum
mutat, vel inani fpatio excipitur, vel pleno: fi inani, habetur propofitum ; £ pleno, fequitur
duo corpora fefe permeare “ The affumption is thus proved ; becanfe a body that changes its
place, is received eicher into a fpace fall of matter, or into ene that is empty : if inte an enply jpace,
the point is proved ; if into a full fpace, then it follones that tave bodies mufl penctrate one ansther’s di=
E?fws-" And Ariffotle tells us of one Meliffis, an ancient fophift, who being reduced to the

extremity by the force of this miferable argpument and determined not to admit a wacmwn,
denied the reality of motion, and held the univerfe to be immoveable. Had this philofopher
trufted to experiments inftead of logic, he might have filenced his adverfaries with very little
trouble. For if a bullet be put into a bottle, quite full of water, and clofe flopt down, we
have a fpace filled with an incomprefible fiuid ; which conftitutes as good a plenum as need be de-
fired ; yer upon inverting the bottle, we find the bullet can move from the top to the bottem,
or from one fide to the other, as freely as if the bottle were empty. Does it move into an
empty ‘fpﬂt. or into a full one ? why truly, into meither; for the bullet and the fluid change
places with one another, fo that the motion is not hindred, though the fpace is always full of

muatter. -
F 2 {hall
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thall be reftored again to the en_]ayment of our phﬂcfoplucal

rights and liberties. |
It appears then, that the wis inertie of matter, under

the prefent conﬂ:iturinn of natural things, is no fit principle
for a philofopher to' begin with ; and that even {uppofing
fuch a principle, I fay, fuppofing dichis principle, yet to ar-
gue from that to pbyfical caufes is an abfurdity : for when
any fluid matter becomes a mte_f/é of motion, the cafe is quite
1lfercd and its refiffance, be it ever fo great in other cafes,
will be of no account in this. The gentlemen who have
reafoned from this principle, have never once attempted to
inquire, what will be the cafe, where matter gives motion to
other matter; but taking it for granted, that the great au-
thor of nature has created a fet of elements, for no fingle
purpofe, but to obftru& bodies in motion, have drawn them=
felves into the palpable abfurdity of proving by a mathema-
tical demonftration, that a matter of fa¢t is an impoffibi-
lity.  Of which, if any doubt fhould yet remain, T will fub-
join  the follnwmg Expeument with a few fhort reflexions _
upon it
AT the extremities of a fteel rod of two feet in length,
let two lamps of thin glafs of a {pherical figure (or any other
that the operator chufes) be fufpended as in the figure, (fee
plate 1. fig. 1.) Over thefe lamps let there be two vanes
of plate-brafs placed with contrary afpeés, and inclined to
about half a right angle. The.rod thus furnifhed is to be
poifed by means of a cap fixed to the middle of it, on the
point of a needle, fupported by a foot and pillar. As foon
as the lamps are lighted, the machine will begin to turn
upon its centre, making feveral revolutions in a minute, and
will continue thus to move, fo long as the lights continue
burning : and fuppofing the lights to have a perpetual fup-
Ply,
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ply, the confequence of that would 'be a’ pérpetual motion in
‘the machine.

W e will imagine a mathematical philofepher to be con-
templating this fight at a diftance. ' If his eye is in the plane
of the motion, the lights will appear to move backward and
forward in a f{trait line: but as their velocity will be appa-
rently unequal in different parts of the line, he will conclude
they move in a curve; and by confidering attentively in
what proportion the apparent motion is accelerated and re-
tarded, he will difcover that curve ‘to be a perfeét circle.
Thus far he argues as an affronomer and geometrician: there-
fore his conclufion will be undeniable ; and I mention this
to fhew the diftinction between affronomy and phyfies. But
in the ‘next place, he proceeds to inveltigate the caw/es of
this motion : and having found, as he imagines, that all
matter muft 7ef/# motion in proportion to its quantity ; if
the lights circulate in a refifling medium, their velocity he
concludes muft be diminifhed, and by degrees be utterly
loft. But having obferved for feveral days, and he might do
it for as many hundred years, that they continue to move
with the {fame velocity, and compleat their periods exactly in
the fame time, .as when he firft began to make his obferva-
_tions ; he concludes, they muft move in an wnrefifing fpace:*
and having difpatched all material impulfes out of the way,
‘afligns a projectile force as the caufe of their progreffive mo-
tion, and an azzraétive force, exaétly counter-ballanced to it
(that is, equal to the wer/ed fine of an arc defcribed in a gi-
ven time) as the caufe of their cirexlar motion: affirming

* ** Againft filling the heavens with fluid mediums, unlefs they be exceeding rare, a great
“ objeétion arites from the regular and very lafting motions of the planets and comets — thence
*“ it is manifeft, that the heavens are void of all fenfible refiffance, and by confequence of all
“ fenfible matter.” Opr. Q. 28. ;

at
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at the fame time, that thefe two forces are {ufficient to ac-
count for all the pheenomena, and will do it dezzer than any
material medium whatfoever * ;5 and that in the whole courfe
of this reafoning, he has not, made one fuppofition +. The
fum of this evidence is given us in a few words by that fkil-
ful mathematician Dr. Cores, in his preface to the Principia :
Corpora progrediendo motum  Juum fluido ambienti com-
municant i communicando amittunt y amittendo retardantur.
— “ Bodies in their progreflion comimnunicate their motion to
¢ the furrounding fluid ; what they communicate they /gfe;
“and by lofing it they are rezarded.” Then he undertakes
to prove, that motion cannot be kept up by the impulfe of
any fluid whatfoever, but upon the following condition —
nifi velocitas abfolura fuidi recurrentis duplo major fuerit
quam velocitas abfoluta fluidi propulfi ; quod fieri nequit —
that is, ‘unlefs the abfolute velocity of the fluid which falls
““in behind, be twice as great as the abfolute velocity of the
¢fluid driven away &efore; which cannot poflibly bet.” We
have in thefe words the whole ftrength of the Newtonian
hypothefis ; this is its fundamental argument: yet if it be
compared with the prefent experiment, there is not one
word in it, from the beginning to the end, that will hold
true. For, in the firft place, thefe two bodies cannot, in
Dr. Cotes’s fenfe, communicate their motion to the furround-
ing fluid, becaufe they were left az reff, and had zome ro
cormmunicate. They are no prajeftiles : and the mathematical
philofophy having made projeiion its firlt principle of mo-
tion, is entirely to feek, where zhas is out of the queftion.

Q: “ETha motion of the planets and comets being ferrer explained without it.” Nemur. Opt.
2. 23. -

+ * Hypotheles non fingo.” Princip. ad fin,
1 This, by the way, wll prove, that when a cork fwims down a ftream, the water s run
twice as falt belind as it does before .t

Secondly,
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Secondly, as they communicated no motion, they /gfe none;
but are continually receiving a freth and equable fupply of
it: for which reafon, thirdly, they are not retarded ; but
are pofieffed of a motion, which, in theory, is abfolutely a
perpetual one. Whence it appears, fourthly, that the
nequit, to which Dr. Cotes hath reduced himfelf, hath af-
firmed too much,’ and confuted itfelf. For if the prefure
of the furmundmg fluid be greater on the illuminated fide
of the vanes, than its refiftance on the oppofite fides; that
inequality of preffure will neceflarily produce a motion to-
ward the weaker fide ; and for the fame reafon that it pro-
duces, it would alfo conderve the motion for ever. —Fi&hi}"
and laﬂly, the well-known inference from a comtinuance of
motion is worft of all : for if the machine were placed in a
vacuun, that is, in a fpace void of air, the lights would ex-
pire, and motion be at an end. A {mall hint will be fuffi-
cient here by way of application ; only let it be remem-
bered, that the lights we ufe for experiment-fake, will de-
cay in fpite of us ; whereas that lamp, which God hath light-
eéd up in the world, never goes out. And he that can retain
fo mean an opinion of the fun, that marvellous infirument of
the divine wifdom, as to fuppofe it adts, not by the emana-
tion of its fght, but by its guantity of folid matter, thould
put out the two lamps and weigh them, in order to account
for this experiment. If this is not enough to convince the inge-
nuous part of our mathematicians, that their fcience hath been
r'm&pphed and that their way of reafoning upon phyfical
caufes is fundamentally wrong ; they muft be left to philo-
fophize fuo more : if they are deaf to the evidence of nature,
it 15 hardly to be expected they will yield to any remon-
ftrances of mine.

As
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As the do&rine of a vacuum, and the theory of refiflances,
are points of {o much importance, I have tried to be as par-
ticular as the caufe required, and as methodical and per{pi-
cuous as my {mall abilities would allow me. If there be a
confiderable defe& in any of my deductions, I {hall be very
glad to be better informed : and perhaps fome of the fol-
lowers of Sir %ac Newton may {hew fo much candour and
humility toward a man who weazns well, as not to think him
too infignificant to be taken notice of.

C H ICANOPSRRML

A geometrical argument ﬁ*r a vacuum examined and. re-

Sfuted.

XperiMeNT and logic having both failed in the de-
monftration of a vacuum ; let us fee what ftrefs is to be

laid on geometry in the cafe beﬁ:rre us: for we have been fo
ftunned of late years with its przufes, that it will be neither pru
dent nor handfome to overlook its pretenﬁcns Dr. Ke:{ thc
aftronomical profeflor was a very eminent geometrician, and as |
ftrenuous an advocate in behalf of a vacuum. To convince
us that there really is {uch a.thing in nature, he offers the
following demontftration, which 1 fix upon, becaufe: it haa
the author’s own cammendatmn, who calls it an snvincible
one, as the reader will find in the 17th page of his philyfo-
phical leftures. He defires us to  {uppofe all the matter in

¢ the univerfe to be amafled into tw:::- f heres, which ma
p 3 )’
i L'E
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¢ be reprefented by two circles, whofe centers are a and ».
«Jf thefe fpheres touch one another, it is neceffary that they
“touch one another in one point only by the elements of
« geometry — and therefore there will be betwixt the other
¢ points of thefe fpheres a certain and determinate {pace not
“ replete with matter.” Hence the author concludes ¢ that
¢ there is # reality a fpace diftin& from all body.” p. 19.

Tuis 1s Dr. Keil's invincible demonftration : for the ereét-
ing of which, you are only to allow this {mall {uppofition,
that the omnipotence of God might poflibly accumulate all
the matter of the univerfe into two folid {pheres; and be-
caufe there wowld be in this cafe a f{pace void of all mat-
ter; it follows in his way of reafoning, that there really is
fuch a {pace. This author feems to have been fo full of
geometry, that there was no room for any logic; elfe he
might have picked up enough of it at Oxford to have taught
him — @ poffe ad effe non valer confequentia. Befides, it
is the proper bufinefs of a philofopher to confider the ope-
rations of nature, as nature is now conftru&ted ; where I
apprehend, he will find work enough without making a
new world, or fhuffling the old one into a new fhape. But
Dr. Keil imagined it would edifie us more, to tell us what
ftrange things would happen, if the world were all taken to
pieces, and put together again in fuch a form, as could an-
{wer no one purpofe of the creation.

Ir a queftion had been put to him, whether the motion
of a pendulum in a clock is preferved by the a&ion of oc-
cult virtues propagated through void fpaces from one wheel
to another, or by a conta& and bearing of the parts upon
one another from the weight to the pendulum; he might
have demonftrated the former /nvincitly, by fuppofing, tha'tf

G i
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if the matter of the whole machine were melted dewn, and
made up again into a couple of wheels, their circumferences
could touch one another but in a fingle point ; and a man
might make a clock upon this principle, with juft as much
accuracy as he can philofophize upon the other. He that
will impartially confider this, and many other geometrical
arguments of the fame complexion (with which I could fill
a book if it were neceflary) will not be very hafty to believe
any propofition, becaufe it is /aid to be fupported by ma-
thematical evidence ; which though it be ftrong in its pro-
per place, and undemable if - confidered in the abftraét; is
neverthelefs, when miflapplied, juft as weak as any other fort
of evidence that is equally impertinent. The lovers of mas
thematical learning, like other men, are too fond of mag-
Imf}rmg their favourite {cience; and will be introducing it,
where it can add no light, but will fpread an air-of myftery
and darknefls over a fubjeé, in itfelf plain and intelli gible
cnough. Such unfeafonable applications of it are fo far frﬂm
advancing its credit with fober men, that they are in danger
of bringing a pleafant and profitable branch of learning into
contempt. _

I T was an obfervation of the excellent Lord Bacon, whofe
judgment in thefe matters hath never yet been called in
queftion — optime cedit inguifitio naturalis, quando phyficum
terminatur in mathematico — * < Every ] difquifition
“is brought to its proper iffue, when a phyfical principle
¢ terminates in a mathematical operation.” The reverfe of
this is the practice of Dr. Kes/: he perceives that a thing
will hold true in the mathematics, and then turns the world

* Nov, Org. L. IL

upfide
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upfide down to make his phyfics agree with it. If that be
the beft philofophy, which goes from phyfics to the mathe-
matics; that muft needs be the worlt, which goes headlong
to the mathematics before it is ready for them, and cano-
nizes a blunder by a demonftration. So that Dr. Kei/ was
rather too fevere in cenfuring fo unmercifully, and laying
{fuch an heap of hard names upon his adverfaries, ¢ whofe
“errors,” he fays ¢ {pring from hence, that men ignorant
“ of geometry will prefume to philofophize, and give the
¢¢ caufes of natural things.” For be it ever {o true, that fome
philofophers have not been geometricians ; he hath {hewn it
to be equally true, that every geometrician is not a philofo-
her.

: I po not fay this to difcourage the ftudy of the mathe-
matics : and if I had fuch a defign, my influence is too
{mall to be attended with any bad confequences. However,
1 am far from defigning any {uch thing; but on the con-
trary am glad I know the value of mathematical learning,
and would recommend the practical part of it to the ftudy
of every perfon who does not want leifure, has no natural
indifpofition for it, and is willing to make a progrefs in na-
tural philofophy ; which, fo far as it hath motion and
quantity for its objeés, cannot be rightly underftood with-
out a moderate degree of fkill in the mathematics. If
this ftudy fhould become more fathionable among thofe
who are already learned in other refpeéts, it might de-
liver us from the bondage of {ome tyrannical prejudices,
which at prefent do very much obftru& the advancement of
natural knowlege. Eleéricity, which has given to this age
an advantage over all that went before it, and fhould have
opened to us a new world of philofophy, has left us juft

G 2 where
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where it found us; and the curiofity of the publick with
regard to that article hath nearly {fubfided, while the trea-
fures of nature are flill lockt up under the magic of attrac-
tion and a vacuum. And here we are like to remain; un-
lefs the efforts of fome future philofopher, more fkilful and
fortunate than I am like to be, fhall roufe the learned from
their lethargic admiration of a few hard words, drefled up
with geometrical lines and algebra.

Avrr I with for therefore is this, that our young gentle-
men (for as to thofe who are far advanced in age and
opinion, though I reverence their characters, and am glad
to take the benefit of their labours, it is too late to drive
them upon any frefh inquiry) that our young gentlemen,
I fay, whofe minds are difengaged from {yftematical views,
would avoid all implicit obedience to names and charaéters,
fo far as they can do it without any offence to good man-
ners, and bend their attention to fuch experiments as relate
to a material agency in nature ; which kind of experiments
have neither been fought after, nor examined into, as they
ought to have been: and would likewife add to their other
learning, a competent degree of fkill in practical geometry
and arithmetic. For it is the misfortune of thefe times in
particular, that thofe who are ignorant of the mathematics,
are apt to think they have nothing to depend upon in phy-
fics, but the auzhority of the eminent geometricians ; whofe
reports, however fanguine, premature, and accommodated
to their own fancies, they are obliged to reccive juft as they
happen to be delivered : and while they are not aware how
much may really be done by the mathematics, and what
great afliftance they will give in the proper place, are drawa
in to allow them much more than their fhare. On the other

hand
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hand a mathematical f{cholar, whofe judgment hath not
been infeced, doth know very well, that geometry can as
{oon create a {yftem of politics, as a fyftem of phyfics. He
knows, that in every phyfical operation, he muft have phy-
fical data to begin with; and that if he is wrong zbere, all
the geometrical fkill upon earth will never fet him right;
but rather lead himfelf and others into the danger of perpe-
tuating the miftake, by calling the work a demonfiration.

END or T FirsT Booxk.
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Attracion snguired into from the writings of Sir 1faac New-
ton and the moft eminent of his followers.

that the only rational and intelligible philofophy is that

which attributes all motion to the action of matter up-
on matter ; or, which is the fame thing, that maintains an
agency of material and fecondary caufes, under the direion
of God, the moral governor of the world, and the fupreme
caufe of all things.

To {uch a philofophy as this, I have attempted to clear
the way by removing all the principal objections of our mo-
dern learned men: and if the fuppofed evidence for a va-
cuum, depending upon the famous theory of refiftances,
which gained fo much credit with Dr. Cozes, and many
others, as to be unhappily miftaken for a demonfiration ; it
this, I fay, has been obviated to the fatisfaction of the learn-
ed reader, what remains to be done will rather be a work
of eafe and amufement, than of difficult and doubtful dif-

putation,

IN the former part of this tréatife, I have made it appear,

For
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For if the notion of a wacuum be unfupported, and falfe
in itfelf, nothing that is advanced in the mathematical phi-
lofophy, relating to phyfical caufes, can poflibly be right.
Where that philofophy has miftaken or mifreprefented the
nature of thefe caufes, it will be found inconfiftent either
with itfelf or with nature, and moft probably with both:
{o that to detet the falfchood of it, we fhall have nothing
to do, but to compare it with itfclf, and with thofe notions
of the natural world, with which our fenfes and experience
will furnifh us. In this difquifition, we fhall have in review
before us, a great variety of ufeful and curious experiments,
which cannot fail of giving fome entertainment, to a mind
that hath beftowed any of its attention upon fuch fubjeéts.

A's my concern at prefent is barely with pbyfical caufes,
no reader can be {o abfurd as to fufpe, that I am aiming
at the demolition of all that is now called by the name of 7a-
tural philofophy, without doing me a manifeft injuftice, and
betraying his own want of knowlege. The doé&rine of unmze-
chanical caufes, though the forwardnefs and indifcretion of
{fome adventurers may have loaded it'with a much greater
weight than it is able to bear, does yet make but an incon-
{iderable part of the eftablithed philofophy ; and if it fhould
hereafter give place to fome more natural account of things,
the remaining parts will always retain their prefent value.
Such a work as that of profeflor S’ Gravefande will deferve
the admiration of the ingenious, ‘{o long as the world lafts ;
and that man muft have but an indifferent relith for the {ci-
ences, who is not greatly delighted with the difcoveries'and .
improvements he may there meet with, in mechanics, optics,
and affronomy. 1 {peak this in much fincerity : and it is
intended to obviate any prejudices that might be raifed a-

, gainft my defign, either wilfully or by miftake. To give
offence
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offence is no part of my defign; and I am unwilling, that
any well-defigning perfon fhould think me to be pofiefied
by a fpirit of detraction, while I am conicious to myfelf it
is far from me, and that I write upon much higher motives.
I am encouraged therefore to hope for the attention at
leaft, if not the favour, of all candid men and lovers of
phyfical truth, while I enquire into the fenfe and merit of
thofe caufes, by which the author of nature is now {uppofed
to dire& the natural world.

First then let us enquire, what kind of force or agency
Sir Ifaac Vewton and his followers would have us underftand
by the terms azzration and repulfion.

THAT attraétion hath been called in for the explication of
natural appearances, both great and {mall, every perfon muft
know, who has either heard or read any courfe of phyfical
le€tures delivered in englith within this laft century: it is
looked upon as a principle, not to be approached without a
degree of reverence, becaufe the great Sir Ifzac Newton
thought proper to make ufe of it: but if the word fhould
have no fixed meaning, and fhould itfelf want an explica-
tion, it wﬂl explain nothing at all ; it will be a word with-
out an m’m and if we app]y it to any particular cafe, we
fhall explam, as the phrale is, ignotum per ignotius «a thing
“wnknown, by another that is /fs known.” The word, if
ftrictly taken, fignifies a drawing or pulling of one body
toward another : but as every {cience hath a liberty of a-
dopting its own terms, provided it adds fuch a definition as
will kg:ep,'thqm clear of ambiguity, I fhall fpend no con-
jecures upon it, but tr 1{ if I can fettle the three following
queftions, upon the beft authority that is to be had — firft,
where attraction is feated ? for example, whether it be in
the earth or in the ftone that falls down to it, or in both,

H or
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or in neither, but in fome fubftance exterior to both? fe-
condly, whether it is to be underftood as a caufe, or as an
effet 2 and thirdly, whether it be a marerial force, or an
immaterial one? under which heads, all that need be faid
upon the fubject may eafily be reduced.

Tue principal {pecies of attraction, being that of grawvity,
is defcribed by Sir Jfaac Newton in his sth definition ‘as a
centripetal fw ce, whereby bodies are drawn, impelled, or tend
7 any manner toward .a center : which definition is fo far
from giving any meaning to the word, that it rather feems
to guard it, as it were, from having any meaning- at all;
there being a mixture of terms here, oppofite in fenfe to
one another, {uch as aztraétion and impulfe. To fay a I:n:;dyr
is artraéled or pzdfed is to place the power in that point,
to which the body is tending: to fay it is :mpeffeéf or driven,
is to place the power debind it: but to fay both, is to intro-
duce two ﬂppoﬁte forces, deftru&ive of each other; which,
in effe@, is to fay nothing. This definition thertfufe, as it
now ftands, will give us fo little help, that we muft’ divide
it into two parts; that is, we muft diftinguifh atiraétion
from impulfe, as things diametrically oppoﬁte, and fee to
which of thefe two Sir Jfaac and his followers have' in-
clined. SR

Ir we look forward in the principia, we {hall acenrdrﬁgly
find, that azzraétion is the favourite term upon which all the
lf:arned author’s reaﬁ}nmgs turn ; and that he fuppofes it to
be a power feated i zhe mwed badies themfelves, and in
every fingle particle of which they are compofed.  What elle
can we underftand by * corpora trabentia, *“ drawing bo-.
“dies;” and, corpora [e invicem trabentia, * bodies that mu-
L mai{y drﬂw each other,” and + [phere ex materid attrac-

* Lib. 1. Se&. ti. + Ibid. Prop. 72.

el
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tivd conflantes, ““{pheres compofed of aztractive matter 2"
How again are we to eftimate, as he dire&s, the attractions
of bodies by afligning to cach of their particles their ows
“ proper powers™,” unlefs the power, by whatever #ame he
pleafes to call it, be as truly feated in the particles them-
felves, as the force of refiftance, or vis inertie is {uppofed
to be? And if the learned author of this do&rine had not
really fuppofed the folid matter of the parts themlielves to be
endued with an aive power, or principle of motion, he
would not furely have taken fo much pains to prove, that
this power cannot be owing to any @zber, or other matter,
-external to the moved body. For he fets it down as the re-
fult of his reafonings and experiments, that no {pecies of
matter can be void of gravity+; whence the conclufion is
obvious enough, that no matter can act as the caufe of gra-
vity ; unlefs the effeé? of gravity in fome bodies, can be the
casfe of it in others, which is abfurd. It remains then, that
the gravity of all bodies is owing to a gwal/izy § refiding in
the bodies themfelves; to which quality he gives the name
of atéiralion. How much truth there is in the grounds of
this conclufion; we fhall {fee hereafter ; when gravity, as an
univerfal property of matter, is compared with experiment.
Trers are in the celebrated works of Sir J/zae, {o many
~pzﬂ'a.ge3 feemingly inconfiftent with the dodrine abovemen-
tioned, and efpecially that portentous paragraph with which
he lxw concluded his principia, that I would proceed with
all dueicaution, -and not venture to fix fuch an opinion up-
on himy without taking fome farther counfel, and enquiring
vow, and in what [enfe, this dotrine has been received in the

* Aflignando fmg-uha eorum particulis wires proprae.  Lab; 1y B 6g. Schel.
+ Lib. 3. P. 6. Cor. 2.
1 Hmzc el gualitas omniam Sc, Fhid.

4 U H = judg-
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judgment of others, who fubfcribed to his opinions, and un-
derftood them throughly.

Dr. % Kei/y who beftowed much pains in drawing out
this principle of attraction into a theory, has the following
aflertion — Materie inefle vim attralicem, confirmat expe-
rientia ; ““ experience teaches us, that there is 7z matter an
¢ attractive power. This he calls — materie vis fuperaddita,
“a force fuperadded to matter;” and again, ineff materie
potentia, qud fingule, ex quibus conflat, particule [e invi-
cem attrabunt — 'There is a power in matter by which all
“its particles mutually attra&t one another®.” So that in
the conftitution of all bodtes, there is a cnmpﬂﬁtlﬂn of mat-
ter and power ; and if their parts are found, either to ad-
here, or tend toward each other, we muft afcribe it to a virtue
in the parts themfelves. If an heavy body falls to the earth,
it is occafioned by a @is or potentia fuperadded to the mat-
ter of them both: than which nothing can be more ex-
prefs to the point; and it fhews us, to a demunﬂ'ratwn, how
attraétion was underftood by Dr. Keil, - enthad ad?

D r. Friend, who endeavoured to folve the nperauons of
chemifiry by this principle, and was engaged in a controverfy
about it with {fome foreign writers, was of the fame mind with
Dr. Keil. In the defence of his le¢tures, he calls it — prin-
ciptum attrabens, quod omni materie ineft — ““a drawing
e pnnmple that refides 7z all matter.” And again he afferts
— Ineffe immutabilem quibufcungque corporibus vim, qua ti-
dem in [efe mutuo ferantur — ¢ that bodies are carried mu-
“tually toward each other 4y an immutable power wﬁm
< themfelves +.

* FPhilof. Tranf, No. 335. + Jéid. No. 331.
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DRr. Clarke in his notes on Rebawlt informs us, that
¢t all thole bodies will afcend in water, which are lefs az-
SStratied by the gravity of the earth than water itfelf *.”
Whence it appears, that according to his notion of the affair,
attralion is a quality refiding in the matter of the earth it-
felf; it being the gravitas telluris, to which the effect is
imputed.

To thefe authorities, I may add that of the ingenious
Mr. Rowning ; who, {peaking of the attradtion of gravita-
tion, obferves in very plain terms, that ¢ the afion of the
“ earth upon bodies is exactly in proportion to the matter
« they contain +.”

But above all, the opinion of Dr. Coses is to be regard-
ed ; and it is more to my purpofle than any of the former.
¢ We are to believe, fays he, that the aftion of the eartb is
¢ compofed of the joint aéZions of all its parts ; and there-
¢ fore, that all terreftrial bodies ought to a#z7aé? one ano-
¢ ther with abfolute forces, which are in a direé ratio of
“ the drawing matter 1.”

Avry thefe authors then (and I might have added many
others) who have followed the Newtonian hypothefis, de-
clare with one voice, that when a terreftrial body is fo acted
upon as to deicend to the earth, the drawing matter of the
earth itfelf is the agenz ; and it atts by a power [uperadded
to it, which power they call azzraétion. All the other kinds
of attraction, fuch as that of magnetifin, cobefion, clettricity,
and repulfion the antagonift of them all, are to be under-
ftood in the fame way: but I forbear to weary the reader’s

* Qua telluris gravitate minus funt artrafa. P.I. ch. zz. §. 15,

+ Vol. L. p.1s.

3 Aéie itaque telluris ex conjunétis partum affiamibus conflari cenfenda erit ; atque adeo
corpora omnia terreftria fe mutuo srabere oportet viribus abfolutis, quz fint in ratione materie

srabentis.  See his Pref. to Six Iy, Principia. p. 3.
PEUCHCE
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patience with any particu]ar proofs of it. This, I remember
very well, is the fenfe in which I myfelf, in common with
other young men, underftood the dc&rme of attration,
when I was firft initiated into thefe myfteries of natural ph:—
lofophy : it is the fenfe in which I thought Sir I/zac did
originally defire to be taken; and in which, I am confident
he is taken to this day, by very many readers. I am now
perfectly eafy about it, being in the company of thofe wri-
ters, whofe learning and candour with regard to their author
have never yet been difputed.

CHIRY AVPRSE

An astempt to fettle the queftion, whether attraltion 7s. rée
caufe or zhe effe&t.

IT will now appear very ftrange to alk whether attrac-
tion be a caufe or an effelt ; altion, Joree, power &e.
having all been afcribed to it: but this enquiry will' anfwer
a very good purpofe, and ferve abundantly to convince the
unprejudiced, that they, who brought this prmmple into f"a-
fhion, did never yet know what to make of it.

MR. Leibnitz, and many other learned mathematicians,
were for explnding attraltion at its firft appearance: they
even ridiculed it as unphilofophical, unintelligible, an occult
quality, and a miracle; and abfolutely denied its very exilt-
ence. Obferve therefﬂre what a reply Dr. Clarke made up-
on the occafion — It is very unrealonable  to call at-

‘¢ traction
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¢ tradtion a miracle and an unphilofophical term, after it
¢t has been fo often diftinétly declared, that by that term, we
“do not mean to exprels zbe caufe of bodies tending toward
¢ each other; but barely the effec? of this caufe, or the phaso-
“¢ menon itfelf difcovered by experience, whatever be or be
“ not the caufe of it.  Gravitation or attradtion 7z this fenfe
¢ (he adds) is an a¢tual phenomenon in nature *.” And
again : ¢ philofophers therefore may fearch after and difco-
“ver that caufe if they can, be it mechanical or not me-
¢ chanical : but if they cannot difcover the caufe, is there-
“fore the effelt itfelf, the pheenomenon, or the matter of
“ fact difcovered by experiencess(which is all that is meant by
¢ the-words aztraétion and gravitation) ever the lefs true + ?”
Mr. Leibnirz objected to azzraétion, as to a caufe occult and
unphilofophical : Dr. Clarke anfwers him, by denying it to
be any caufe at all; for that it means nothing more than
the bare effef?, or phanomenon of a tendency in one parcel
of matter toward another. And if this were all, who could
take any offence at it? for that there is fuch a tendency,
experience will indeed convince us ; and there are few aftro-
nomers, who will not allow of it, even in the heavenly bo-
dies themfelves. But then the authority, to which this au-
thor has referred us, is no way to be reconciled with his
account.” The words of Sir Ifaac are thefe “I ufe the word
“attraction, only in general, to fignify the Jorce by which
¢ bodies zend toward each other 1.’ Dr. Clarke affures us
very pofitively, and defires he may not be mifunderftood,
that when bodies are faid to be aztraéted or gravitate, no-
thing farther is meant, but that they are found by experi-
ence to zend : whereas Sir Jfaac afhrms, in the very words
to which he has referred us, that attraction exprefles that

wd e T P. 367. T Opt. Q. 23
Jorce
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force in general &y which they tend; and thefe two are as
diftiné as a caufe and an efte@ can be; juft as different, as
is the zendency of a bullet toward the mark, from the force
of the gunpowder, 4y which it is fent from the piece. And
the following words are fuflicient to prove, -that notwith-
ftanding what Dr. Clarke might think it convenient to fay
to Mr. Leibnitz, Sir Ifaac did not publifh his attraction of
gravity to the world under the notion of an effect — ¢ It is
“enough, fays he, that gravity really exifts, and afs ac-
« cording to the laws we have laid down *;”* which an effe&,
I think, can never be faid to do, without a childifth abufe
of language. .

LeT us next examine the opinion of Dr. Cozes, who
thus appeals to his adverfaries, in behalf of the Newtonian
gravity — ¢ Would you call gravity an occult caufe, becaufe
¢ the caufe of gravity is occult, or not yet found out?” No,
certainly I would not: for if its can/e remains yet to be dif-
covered, I would have obferved the caution gwen by Dr.
Clarke, and have called;it an effec?. For if gravity bea phy-
fical caufe, we have already gained our purpofe, and the
{cience of phyfics does not require us to look for another.
If it be a caufe of fo myﬂermua a nature, that no phyfical
account can be given of it, it muft be clafied among thofe
occult qualities, which the {cholaftic philofophers athrmed
to have a real exiftence, though they were unable to give
any farther account of them. We have the authority of Dr.
Cotes however, that gravity is a caufe, which was juft now
affirmed to mean nothing but an effef?; and the adverfaries
of this philofophy were charged with the wnreafonablene/s of
a contrary {fuppofition. From what this author hath written,

* Satis eft quod grawirar revera exiftat, & agat {ecundum leges a nobis expofitas. Princip.
p. ult.

it
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it appears he never fufpe@ed gravity to be any thing but a
caufe, even the moft fimple of caufes, beyond which hu-
man knowlege cannot poflibly penetrate — wéi ad caufam
fimpliciffimam perveneris, (fuch as he fuppofes gravity to be)
jam non licebit ulterius progredi *. He thinks there is a con-
catenation of phyfical caufes in the world, fome compound-
ed, others fimple and primary; but gravizy he places among
the caufas fimpliciffimas, and caufas per phaenomena compro-
batas ; which latter expreflion fets him in a direé oppofi-
tion to Dr. Glarke; with whom attraction and gravity mean
nothing but the bare effet or pheenomenon itfelf: here, it is
the caufe proved by the phacnomenon. And it fhould be re-
membered for the juftification of Dr. Cores, that he wrote
in the year 1713, Dr. Clarke in 1717.

Dr. Defaguliers will inform us, that *aztracfion and re-
“ pulfion {feem to be fettled by the great creator as firft prin-
‘“ciples in nature, that is, as the firft of fecond caufes; fo
¢¢ that we are not follicitous about zhes» caufes, but think it
¢ enough to deduce other things from them+.” This con-
firms the reflexion I made a while ago; that attraction is a
caufe, of which no account can be given ; and that it ferves
to keep us under the fame ignorance with the occult quali-
ties of the fchools. It was for this reafon only, that the
learned men of the laft age remonftrated againft it with {o
much earneftnefs ; and Sir J/zac, in order to remove the
offence it had given, took the matter a fecond time into
confideration. When he viewed it in a phyfical light, he
concluded from fome particular experiments, ¢ that there are
““agents in nature able to make the particles of bodies ftick
“ together by very ftrong attractions ; and that it is the bu-

* Princip. Pref. p.g. 4 Phil. Tranfa&®. No. 454.
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« finefs of experimental philofophy to find them out;” that
is, to find out thofe agents of mature, which aé as the im-
mediate caufes of this aztrattion. By which remarkable con-
ceflion, Sir Ifaac himfelf, who elfewhere makes attraction
a force, and gravity an acfive principle ®, has reduced them
both to effec?s ; encouraging us, at the fame time, to enquire
experimentally after thofe agents of nature, by which thefe
effects are brought about ; while Defaguliers his difciple lays
down attraction itfelf as the fir/ of ﬁfﬂﬂa’ caufes ; and Dr.
Cotes aflures us, that if we get {o far, jam non licebit ulte-
rius progredi.

Ir we atk the opinion of Dr. Friend, he will tell wus,
gravity is an eftect, and attraction is the caufe of it. ¢ This
“ attraétion” (which he had juft before called the forece of
gravity) “they may, if they pleafe, call an occult quality ;
“and I believe it will always be occult:” yet, in another
part of the fame difcourfe, he fays ¢ In explaining this gra-
‘¢ vity, which is evident to fenfe, Newzon hath far exceeded
“all other philofophers; having demonitrated it to arife
“ from an attraétive force, which difperfes itfelf far and
“wide through all matter+.” From which paflages, we
may learn thefe three things : firft, that gravity and attrac-
tion are the fame thing %, becaufe the author, fpeaking of
the vis gravitatis, calls it — hec attractio. Secondly, that
attraction is an occult quality, and always like to remain fo.
Thirdly, that gravity is beft explained by attration; though,
by his firft {fuppofition, they are the fame thing ; and then

* Opt. p. 376.
+ ﬂttraﬂhnnem hanc (fcil. wim gravitatis) fi-ita lubet qualitatem occultam nuncupent, &
erit, credo, fcmper occulta. — In hic quidem gravitate explicandd, quam fenfu percipimus,

longifime omnium proceflit Neaut:wus; eam quippe a @i atfradirice qua per omneim materiam
fe undequaque diffeminat oriri commonftrat. Ubi fupra.
t See the paflage quoted from Dr, Clarke at p. 62, 63.

© gravity
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gravity is beft explained by itfelf - by the {econd, attraction
is allowed to be an occult quality, and he believes it will
always remain fo. Which doérine comes out juft as it fhould
do; for to explain any thing by an occult quality, is to ex-
plain it by itfelf: and in this abfurdity, the caz/es propofed
by the mathematical philofophy will all be found to termi-
nate.

H ow oppofite to thofe of this laft-named author, were
the fentiments of the celebrated M. Mausertuis ; who thus
apologizes to the French academy in behalf of the Newtonian
attraction — ¢ Many people, fays he, have been difgufted
“ by the word aztraétion, expefing to {ee the dﬂ&rine of
¢ occult qualities revived again in natural philofophy : but
“in juftice to Sir Ifaac Newton, it thould be remembered,
¢ he has never confidered attraction as an explanation of the
“ gravity of bodies toward each other: he has frequently
¢« warned us, that he employs this term, not to fignify a
“ caufe, but only an effect *.” Therefore in the judgment
of this learned man, whofoever recommends attraction to us
as a phyfical caufe, or an explanation of efleéts, revives the
doétrine of occult qualities.

Lastuy, let us hear the opinion of Mr. Rﬂﬂﬂzﬂg, a wri-
tcr who has done much f{ervice to the publlr:k by giving us

a regular treatife upon natural philofophy in all its branches.
But alafs! we fhall find him to have fallen into the fame
-inconfiftency with the other writers who went before him ;
‘which I would impute wholly to the perplexed condition of
the fubjeét, and not to any intention of deceiving in the

* Le mot d’ attraction a effarouehé les efprits ; |1||I:‘Lurﬂ ont craint de wn* renaitre dans la
philofophie ]a doftrine des quahtu m:an[u, mais c’eft une juitice t14 on doit rendre a M.
Newton, il n*a jamais regardé |’ attraction comme une explication de la pefdanteur des corps
les ums vers Tes autres, il a fouvent averti qu'il n” employoit ce terme que pour defighier un fair
& non point une caufe. Vid., Affrom. Phyf. par Mryde Gamackes. p: 449,

I 2 author
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author. - ¢ It is to be obferved (fays he) that when we ufe
““ the terms attrallion or gravitation, we do not thereby de-
¢« termine the phyfical caufe of it, as if it proceeded from
“fome fuppofed occult quality in bodies; but only ufe thofe
“terms to fignify an effect, the caufe of which lies out of
¢ the reach of our philofophy. We may fay that the earth
«attracts heavy bodies, though at the fame time we are
¢« wholly ignorant whether this is effeted by fome power
«actually exifting in the earth or in the bodies, or external
¢ to both. " |

Now although aztraftion be an unhappy word by which to
exprefs an effe&, yet if Mr. Rowning were confiftent with him-
felf in this matter, and carried the thing no farther, it would
be well enough : but the contrary will foon appear, from
a few fhort remarks upon this paflage. 7#hen we ufe the
terms attraction or gravitation, we do not thereby determine
the phyfical caufe of it. Of what? of attra&tion? zhat is
not the thing required. We only defire to know, whether
attraction really exifts in nature, as a force or a&ive prin-
ciple; and whether we are to underftand it as a caun/e of na-
tural effe@s? or whether it be barely the phenomenon of a
tendency or motion, the caufe of which is yet to be fought
after ? It can never be expected, that the word aztraction
fhould be expreflive of its own caufe; elpecially if it be one
of Dr. Cotes’s molt fimple of caufes, and fuch as bath no de-
pendence upon any other +. The complaint is this; that at-
traction is propofed to us as an effect; but if once admit-
ted, it is thenceforward forced upon us as a canfe; as a fo-
lution of every difficulty ; while attradtion itfelf is the great-

* Vol. I. p.13.

-+ Dantur cert¢ primarie corporum affeftiones, qua guoniam funt primarie, non pendent ab
aliis. Ui fup. a piece of reafoning altogether fcholaftic,
eft
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eft difficulty of all. That it is applied as a caufe by Mr.
Rowning, 1 fhall thew hereafter : that it is not to be under-
ftood as an effe&t, may be proved from his own definition
of it, ¢ Matter, fays he, has alfo certain powers or active
“ principles, known by the names of aztraétion and repul-
¢ fion, imprefled upon it by the author of its being for the
“ better perﬁrmaﬂre of the offices tor which it was defign-
«“ed+.” If attra&ion, as the author fays elfewhere, be
term ufed only to fignify an effec7 ; how comes it to be here
defcribed, as a power or alfive principle; which are appel-
lations utterly repugnant to the notion of a natural effef? ¢
can an efte& perform offices, and be aétive toward the pro-
duction of an effe@? that furely muft be the work of an
agent or phyfical caufe ; and attraction muft undoubtedly
be taken for fuch, if it can be proved to perform any phy-
fical offices. But, fays Mr. Rowning ¢ we are wholly ignorant
« whether this is efteted by fome power, actually exifting
¢ in the earth, or in the bodies, or external to both.” And
here he {feems to have forgotten his own definition of attrac-
‘“tion; it being a power impreffed upon matter ; others fay,
it is 7 the matter, and that the point has been demon/tra-
‘zed. But if after all this, we are wholly ignorant, whether
it be within the matter, or without it, the obfcurity of the
whole becomes invincible, and attration can ferve only to
raife a duft.

TruTH, it is faid, is not to be {poken at all times: but
fometimes one cannot proceed a ftep without fpeaking it,
and that is my cafe at prefent. Attraction then, as Mr. Rows-
ing and others have defined it, is an occwlt quality, an :%us,
duiaws, affeltio, facultas naturalis, vis infita, or any thing
that way. But to avoid the imputation of this, {ome after—

+ Ihid. p.oia.
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thought is generally added, to take off, as it were, and qua-
lify the fenfe of their definition’; which renders the cafe ftill
worfe. For if you affert pofitively, that matter has an ac-
tive principle or power in ity and afterwards confei?s, you
cannot tell whas it is, where it is, nor the manner in which
it produces any fingle effe®, or whether it produces any
effeé at all; then, if ever there was an occult quality main-
tained in the ﬁ:hmls, attraGion muft be fuch a quality ;
and Dr. Friend has allowed us the liberty of fo underﬁand—
II] lt
I%;f.h.r r I promifed to fhew, that although Mr. Rowning be in
doubt what to call his attracion, yet in practice he applies
it, not as the phanomenon itfelf, but as the caufe of it, and
for the purpofes of explanation. ¢ The rife of the water in
¢ capillary tubes (fays he) is manifeftly owing to the attrac-
“tion of thofe particles of the glafs, which lic in the inner
< furface of the tube immediately above the water *. In his
account of which experiment, we have two things clearly
diftinguifhable one from the other: the 77/ of the water in
the tube, and the attraltion of the particles that lie in the
inner furface of the glafs. The former is the effet mani-
feft to fenfe; the latter is the caufe to which it is manifeftly
owing. If it fhould be fufpe&ed that I mifunderftand him;
then I fay, attraction muft be either the caufe or the effe&:
if it be the effe&, then to affirm that the rife of the water
is manifeftly owing to attracion, is but to fay in other words,
that zhe effec? is manifeflly owing to the effef?. 1If it be taken
for the phyfical caufe, and I fhould deny the reality of its
exiftence, how would you prove it? you will refer me per-
haps to the pheenomenon, for that is the common way of rea-
foning, and tell me I cannot help fecing it. But aszraction
*V.L p. 13 _
15
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is not the pheenomenon ; it is Mr. Rowning’s explanation of
it. The pheenomenon, evident to fenfe, is only the rifing of
the water ; the azzraction of the glafs, not evident either to
fenfe or reafon, is fet down as the caufe to which it is ma-
nifeftly owing : and this caufe, as the author hath affirmed
in another place, is a term ufed only to fignify an effed.

THE nature of attraction is fuch, that we have fucceeded
but very indifferently in this part of our enquiry, as I could
plainly forefee we fhould. The fubject is involved in an ob-
{curity, either ftudied or unavoidable; and in all the paf-
fages I have been able to collect and compare, there is fome-
thing that appears like a {light of hand, whereby the effect
is fhifted into the place of the caufe. AsI am unable to
draw any doctrine from the whole with precifion, it will
be beft to introduce the authors giving their verdicts in their
own words, and leave the reader to his own judgment. -

Sir Ifaac Newton. < Gravity exifts and acts.”

"DRr. Friend. “In explaining gravity, Newton has de-
¢ monftrated it to- arife from an azzractive force.”

M. Maupertuis. * It {hould be remembered in juftice to
Sir Ifaac Newton, he has never confidered arzraction as an
explanation of gravity. He confiders it not as a caufe, but
as an effect.”

D Rr. Cotes. *“ Gravity is the moft fimple of can/es.”

DRr. Clarke. ¢ It has often been diftinétly declared, that
“by the term attraction, we do not mean to exprefs the
“caufe of bodies tending toward each other, but barely the
“effect, the effect itfelf, the phanomenon, or maiter of fact.”
- Dr. Defaguliers. < Attraction feems to be fettled by the
“ great creator as the fir/? of Jfecond caufes.” |

M r.
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M r. Rowning, ¢ When we ule the term attraction, we
¢ do not determine the phyfical caufe of it, but ufe it to
« {ignify an effecz » neverthelefs, to attraction effeéts are ma-
< nifflly owing.”

S1Rr Ifaac Newton. * There are agents in nature able to
“make the particles of bodies ftick together by very ftrong
““ gttractions, and it is the bufinefs of experimental philofo-
“ phy to find them out.”

D r. Defaguliers. < We are not follicitous about the caufe
c qf attraction.”’ :

Dr. Friend. 1 believe attraction will always be oc-
¢ cult,”’

Tuis is the refult of my enquiry: and if any perfon
thould be fo inclined, he is welcome to lay all the blame
upon my want of underftanding. But if thefe learned men,
who are all vindicating the felf fame principles of philofo-
phy, had no clear ideas of what they affirmed, and could
not underftand oze another ; it is no wonder, if the world
thould be at fome lofs to underftand zbes.

C. H A;P.
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Attrallion, a material force in the judgment of fome au-

. thors 3 an immaterial force in the judgment of others
and [ometimes both one and the other in the judgment of
the fame author.

E have yet a third queftion to fettle, viz. whether
attraltion be a material force, or an immaterial
one? and here we fhall have the fame fcene as before ; this
point being left equally undetermined with the former, In-
deed nothing can be more evident, than that Sir Jfaac New-
fon, great as he was, hath offered to the world his thoughts
on a queftion of much importance, and taken dozh fides of
it, It is difagreeable to me to fay this; but it muft be faid,
becaufe it is certainly true; and I cannot go forward with-
out faying it. This, as we fhall find, has divided his fol-
lowers ; and their difputes with each other in regard to firft-
principles and fundamentals, have as great an appearance
of fallibility and uncertainty, as other difputes ufed to have,
before the fcience of natural philofophy was enriched with
demonftration : of which I fhall exhibit a notable inftance,
from the writings of the celebrated Mr. Maclaurin, and his
antagonift, the author of an enguiry into the nature of the
buman foul. |
Bur firft let us attend to Sir J/aac himfelf. There is a
paffage in his gptics, wherein he allows, that what he im-
putes to astraction may be performed by #mpulfe*. Dr.
Clarke in his notes on Robault cites this paflage; and left

* P35t
we
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we fhould take the impulfe here fpoken of, to be that of
fome inl:ervening matter ; he inferts by way of comment
—— 7107 utigue corporeo — dﬁclarmg, that this impulfe is not
corporeal y or, in other words, that it is not the impulfe of
any material agent. We have the {ame fentiment from him
upon another occafion — ¢ It is now allowed on all hands,
“ that gravity does not depend on the acion of the air or
“ ether, butis a primigenial, innate, and unchangeable af-
“ fe@ion of all matter +.” This is in anfwer to the great
Dr. #allis, who was of another mind. He. fufpected that
g,r’wity, though ufually taken for a primary quality, might
be owing to the peércuffion of fome impelling matter, and
propofed a fhrewd cafe to countenance his opinion : but I
torbear to fay any thing farther of it in this place.

MRr. Rowning, who has laid down the reccived philofo-
phy with as much diligence and fidelity as any man, hath
affirmed nothing fo expreflly, as that ¢ thefe difpofitions in
“ bodies (fuch he calls gravitation, attra&ion &c.) are not
«¢ the refult of any mechanical caufe whatever; that is, fuch
‘“as may arife from the action of any material fubftance §.”
And he has treated his mathematical readers with a demon-
ftration, proving the impoffibility of it. Profeflor 8’ Grave-
Jfande, from whofe great abilities we might have expeéted
fomething more fatisfactory, unhappily fell .into the fame
way of reafamng ; and gave a geometrical demonftration (as
he thought) that the {pherical figure of a drop of water can-
not be occafioned by the equal preffure of any fluid medium,

P,

'I‘ Vtsrum com jam m confeffo fit, gravltattm non ab aere atbereve pendere, fed efle primi-
geniam, conpatam, immutabilemque materix afetionem &c. p. 61.

1 Pref. p. 6. Dr. Cotes hath affirmed the fame, in his preface to the fecond edition of the
Pr?mﬁm—- Gravitas—¢x aliis corporum affectionibus atgwe adeo ex raufls mechanicis eriginem non
Lbabets P. Q.

More
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More authorities to the fame purpofe might eafily be pro-
duced ; but this doftrine hath been fo largely and confi-
dently maintained by {fo many writers, that I muft have the
affent of the learned, if I fet it down as a doérine of Sir
Ifaac Newton.

Bur then, on the contrary, it is to be remembered, that
this introducing of immaterial impulfes into the world of
matter, firft raifed a clamour againft his philofophy, as tend-
ing to revive all thofe occult qualities, which had been fo
happily banifhed, but a while before, from all books of na-
tural philofophy. To obviate this, and to fhew, as the au-
thor exprefles himfelf, ¢ that he did not take gravity for an
“eflential property of bodies,” be added a queflion concern-
ing its caufe™. This caufe he fuppoles to be a fubtil wtherial
medium — readily pervading all bodies — expanded through
all the beavens — caufing the gravity of thofe great bodies
(the fun, planets, comets &c.) towards one another, and of
their parts toward their bodies — and fuch as may fuffice 7o
impel bodies from the denfer parts of the medium toward the
rarer with all that power which we call gravity +. This, 1
fay, is propofed as a material caufe. For, is it not a me-
deum, capable of rarity and denfity, fubject to a kind of
wibrations or pulles? and an ‘mmaterial medium would be
an ens rationis, a philofophical fpeére, a contradition in
terms.

Here then, we have two different fyftems of philofo-
phy. According to the former of them, all the operations
of nature are conduéted by the means of waumechanical and
ummaterial impulfes in a vacuum ; but according to the lat-
ter, they have as their immediate cax/e, an @ther expanded

* Opt. Advert. II. + See Opt..Q. 18, 19. 20. 21.

K 2 through
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through all the heavens: and he that fhall take up either
with the one or the other, or with the one againft the other,
will have Sir Ifaac Newton on his fide. But whoever {hall
affTume them dozh as true, will bring himfelf into great dif-
trefs and difhculty.

Turs was the fate of the ingenious Mr. Maclaurin, a
learned and elegant writer, who undertook a formal defence
of the Newtoniarn hypothefis againft all the objections that
had been made to it; and was well qualified, if any man
could be fo, for the undertaking. He underftood his {fubject
perfe&ly ; and was fenfible he could never do juftice to the
principia, without banithing all material caufes from the
heavens. This he attempts to do, though it is frequently
with fome referve, in {feveral parts of his treatife ; particu-
larly in the following words — ¢ as for a more fubtil me-
¢ dium than the air, no experiments nor obfervations fhew,
“ that there is any here, or in the celeftial fpaces, from which
< any fenfible 7¢fiffance can arife *.”” Mr. Maclaurin was very
well inclined to admit a material agency in fubordination to
the furft caufe +; but this falfe doérine of 7efiffance tied up
his hands; otherwife his work might have been all of a
piece. As it ftands now, the moft valuable paflages in it,
are fo many contradictions to all the reft. After what he
has faid above who would expeét to hear him refle& upon
“ others, who while they overlook the intermediate /s in
““ the chain of caufes, and haftily refolve every principle into
“ the smmediate influence of the firft caufe, impair the beauty
“ of nature, put an end to our enquiries into the moff fub-
“lime parts of philofophy, and hurt thofe very interefts they
“would promote 1. They do fo moft undoubtedly: but

* P, z04.
+ This 13 very ma ifeft from the 14th fe€tion of his laft chapter. 1 P.gs.

hath
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hath not the mathematical philofophy this tendency ? doth it
not oblige us to deny, againft reafon and our better know-
lege, that any experiments or obfervations fhew that there is
a medium more [ubtil than air? hath not Mr. Maclaurin
himfelf denied it in thefe very words? And elfewhere in the
moft categorical terms, he hath afferted an abfolute vacuum
— 8ir Ifaac Newton’s philofophy (fays he) has {hewn, that
“ not only there may be, but that there affually is a va-
““ curern — that matter appears to occupy but a wvery fmall
¢ portion of {pace *.” If this {hould be true, what becomes
of his chain of caufes 2 for if there be no medium concerned
as a fecondary caufe in the motion of the planets &ec. it fol-
fows unavoidably, that there muft either be inherent and
{elt-moving powers in matter; or that the influence of the
firft caule, muft be smmediate; for there is nothing elfe re-
maining, and then Mr. Maclaurin’s chain will confift but of
one link. This is the opinion, which he thinks, muft pus
an end to our enguiries into the moff fublime parts of philofo-
pby. And left it fhould be fulpetted, that Sir Jfaac’s me-
thod of philofophizing has introduced immaterial powers
and occult qualities, we are affured by this author, that ¢“he
“ does never affirm or infinuate that a body can a&? upon
““ another at a diffance, but by the intervention of other bo-
‘“dies+.” But his zeal hath carried him a little beyond the
truth : the thing he here denies, being much more than 77-
finuated in thefe words — ¢¢ Have not the fmall particles of
bodies ““ certain powers, virtues, or forces, by which they
“all at a diffance, not only upon the rays of light — but
““alfo upon one another, for producing a great part of the
“ pheenomena of nature? for it is well known that bodies
“ all upon one another by the attrations of gravity” &ci.

PR 9y, + P. 109. 1 Opt. Q. 31. A
TTRAL=
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ArTRrACTION, as a power ading ¢ a diffance, is here
left in full poﬁefﬁnn; not a {yllable being inferted; as I caw
find, concerning the #ntervention of other bodies. If thisin-
tervention were admitted, how would it agree with. what
Dr. Clarte has fo! ﬁequently inculcated, throughout his notes
on Robault’s phyfics? He fticks not to aflert an-impuifus
mon utigue corporeuns, and an aétio caufe mjufdam immnate=
rialis — per interjectum aliguod intervallum &e. fee p. 5o.
Befides, the {enfe of the whole paflage, would be overthrown
by Mr. Maclaurin's fuppofition’; ‘for if other bodies inter=
vene, then attrattion will not be a' power adting a¢ & dif~
‘tance, but by a communication of bodies that are in con=
tact, 'The author (Sir Ifaac Newron ) does indeed inform:us
a while after, that he ufes this word: to fienify only in gene~
ral anp force ™ &c. but this does not alter the cafe: for let
it be a force 7z general, yet it hath this parmﬁ!aﬂgy n ity
that it acts at a diflance, which is the nature of an occulz
quality, and is the very thing that has all along been object-
Ld to. .And though Mr. Maclaurin hath takcn great pﬂmﬁ

o get handfomely rid of this unintelligible power, yet is the
exlf’cence of fuch a power abfolutely neceflfary upon his own
principles.  Sir Jfaac, he fays, hath {hewn, that there aeczually
is @ vacuum, and that the parts of matter are actually divi-
ded and ﬁfp.fzrﬂﬁed [from each other : after which it would be
ftrange indeed, if they were to aé# otherwife than in this
ftate of divifion and [eparation, thatis, ar a diftance, When
he fuppofes other matter to iztervene, till the action will con-
fift with mechanifm, he apologizes for a vaenum; at the ex-
pence of the principle itfelf ; which by this means is turned‘
into a plenumz, whether the authc}r was aware of it or not.

Lig, ¥
* Tbid.

How
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~ How 'unfeafaﬁably therefore was it obferved by Mr. Ma-
clawrin,, that < poflibly fome unfkilful men may have fan-
¢ cied, that bodies might attract each other by fome charm
“ or unknown virtue, without being impelled or afZed wpor
¢ by other éodses * ;” for if this was not a fancy of Sir Jjaac
" Newton himfelf, in common with fome of the moft fkilful
of his followers, the plaineft englifh can have no meaning.
I know very well, his writings contain many paflages which
feem to have a contrary meaning : and his difciples find fuch
an advantage in this, that they have an an{wer ready upon
all occafions.. For examiple, 'if you fuppofe the world to
be ruled by a fubordinaticn of material inftruments, in op-
pofition to Sir J/zac’s vacuum ; then you are told, there is
9. medium more fubtil tban air ; that the heavens are woid of
all fenfible matter ; and it is demonfirated againft you geo-
metrically, that attracion cannet arife from the action of any
material [ubflance whatfoever. If youfhould lay hold of
this, and objeck to attraction as a principle occult and. wnphi-
Jofophical, thenitis enly the faucy of fome unfilful men ; and
Sir;{fm Newton has plainly fignified, that be thought that thofe

s arefe from the impulles of a fubtil ctherial medium
that s diffufed over the. univerfe +. Thus you are confuted
either way ; and-your reafoning is reprefented as crafy, di/-
angenuous, and wnworthy of a philofopher 1.

By this artifice, Mr. Maclaurin would have quieted all
our fcruples; but feems to have milcarried in the attempt,
‘having been obliged to contradié: his author 2z teraminss 5 and
I may add, himfelf alfo ; as it hath been fully proved againtt
him by Mr. Baxter, the author of an appendix 1o an enquiry
nto the nature of the human foul.

- Uﬁiﬁrp, + Mﬂ{.‘fﬂﬂr‘fﬂ';s Phii. Dife. p. 111. I See p. 110.
THERE
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Tuere are two different modes of philofophy before us,
both of which have Sir Ifaac Newzton at the head of them.
Mr. Maclaurin, by E{'pnuﬁng them dozh, fell upon various
contradi¢tions. Mr. B — is more cautious; and hath writ-
ten with fome warmth on one fide, agam{’c Mr. Maclaurin
who is on both fides. Where the latter hath really laid him-
{elt open, he makes good ufe of the opportunity ; without
confidering where, and upon whez, his cenfures will at laft
be fixed *. He is clearly of opinion, that the material caufes,
occafionally introduced by his adverfary, are utterly incon-
{iftent with what is eftablithed in the principia ; and is there-
fore a declared enemy to all fubtil matter, even to that ezhber
of Sir Ifaac, for which Mr. Maclaurin hath pleaded as hand-
fomely as the nature of the thing would admit. “Men of lei-
¢ fure (he fays) have amufed the world with wrangling and
«¢ conteft — by a {ucceflion of fubtil matters from the earlieft
¢ times — But it requires only plain fenfe, and a love truth,
“ to fee through the /mpofition +. It is *“injurious, he thinks,
“to that great man’s reputation, to bring in his authority
“ for a thing which he atks only by way of a guery, as if
¢ he had been pofitive ;” and that it is “an ill office done
¢ to his memory.” But this is a reflexion, which, in my
humble opinion, his adverfary did not deferve : and it fhould
be confidered in his vindication, that though a gwery may
thew Sir [faac not to have been pofitive about the manner
in which his medium a&s; moft certainly it doth alfo fhew,
he was not pofitive that no fuch thing exifted ; efpecially
as he hath mentioned an experiment to prove the exiftence
of a {ubtil matter which has never yet been aniwered {. By
what authority then is this writer {fo pofitive? and what
will be the confequence of it, when it reguires only plain

*® See append. the note at p. 113. 1+ P, 66. 1 See guery 18.

Jonfe
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[fenfe, and a love of truth, to fee that he is difputing for one
half of Sir Jfaac Newzon, againit the other half? The au-
thority of that great man is indeed like to be killed, not by
the malice of his enemies, but by the kindnefs of his friends ;
if fome of them think an 7/ office is done to his memory,
while others think they are offering the only expedient vin-
dication of it.

T u1s learned author prefents us with the azzracion of
cobefion, as an univerfal phonomenon, that ought to filence the
advocates for material caufes in all cafes ™ 5 and promifes to
be filent, if all the philofophers upon earth can account for it,
otherwife than by the power of the Deity immediately interefled
&c. He judges it very unartful to fuppofe the Deity employing
one part of matter to move or direct another part of it +t,
though we fee it done every day of our lives. — And that
no fubtil matter can a& as the caufe of gravity, unlefs it
knows what it is doing 3. Thefe and fome other dfficuities
of the fame fize, he thinks to be fo great, that zhere is 20
Jubterfuge ™ : though it might eafily be {hewn, there is not
one cafe of any concern rightly ftated throughout his whole
book ; and that every article he has built upon is confuted
by experience. Thefe confiderations, I prefume, tempted
Mr. Maclaurin to pafs fentence upon his whole fyftem in
thefe words — ¢ He -has done this valuable fervice, that while
¢ he vainly imagined he improved or compleated it, he really
“opened up the fallacy, and reduced it to an abfurdity.”

I propoled it as a queftion, whether attraction be a #a-
terial force or an immaterial one? and we have now con-
{ulted thofe writers, who ought to have fettled the point for
us, If Sir Ifaac hath really ¢ffablifbed any thing on either

_F. 62, R b Ps1t. ** Ibid.

1, ide,
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fide, in regard to phyfical caufes, it is aftonifhing his follow-
crs have not fixed upon it, and reecommended it to the pub-
lick with one confent; efpecially if there be any thing of
importance depending upon it. But if, on the other hand,
the fentiments of their mafter have given occafion to thefe
difputes, and his writings have furnithed them with argu-
ments on both fides; then he himfelf is chargeable with
{fome inconfiftency ; and a general agreement among them,
in fuch a cafe, would be as much to be wondered at. That
this latter is the true caufe of all their difagreement, will be
evident to any reader, who is not fo far influenced by the
current authority, as to be deterred from making ufe of his
own reafon. For if you learn from one page, that it is part
of the bufinefs of a philofopher 70 unfold the mechanifm of
the world *, and that an etherial medium may fuffice to im-
pel bodies+; in another it is hinted to you, that the fmall
particles of bodies may have certain powers by which they
alt at a diffance — by attratlions . 1f you are informed in
one place, that when the rays of light are refle@ted from the
Second furface of a glafs laid upon an exbaufled receiver,
this zotal reflexion ought to proceed from the vigour and
denfity of the medium beyond Iblz glafs ™ : only obferve where
the fame experiment is mentioned in another place, and you
will find, the light is now drawn back, and that, by the
power of the glafs, there being nothing elfe to turn it back 1+ ;
though a while ago there was a medium to perform this,
endued with vigour and denfiry. It is {fuggefted, that this
medium may at upon light {o as to reflec? and refraé? it 11.
and that the /ight in its turn may re-a¢t upon the medium
fo as to _flir up vibrations in it: but foon after, it becomes

" Opt. 3d edit. p. 344. 4+ G: 21, e [T Q. 19.
1 Q. 29. 11 Q. 18. z20. -
¢¢ incon-
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¢ inconceivable, how two @thers can be diffufed through all

' « fpace, one of which a&s upon the other, and by confe-

% quence is re-acted upon, without retarding, fhattering,
“ difperfing, and confounding one anothers motions *.”

I could multiply inftances of this fort, wherein the cele-
brated author has pulled down with one hand, what he had
built up with the other: but if men will dare to ufe their
own reafon, as I faid before, they may eafily obferve thele
things for themfelves.

Ir we go from Sir I/aac to his followers, there the
confufion will be ftill more manifeft, Drs. Cozes, Clarke,
Derbam, Keil, Friend, Defaguliers, Mr. Rowning &c. in-
ftruét us, that marter has powers, forces, principles, affections,
properties, impreffed wpon it, [uperadded to it, or inberent
in it; and that God, when he created the world, n/pirited
the materials of it with an aétive quality. 'This was the ori-
ginal do&rine of the mathematic philofophy, and the fenfe
in which it was firft embraced by the learned. As it gave
birth to many ill-favoured reflexions, it is now almoft out
of fathion; and Mr. Maclaurin rifes up to vindicate Sir
Ifaac, by a {ubftitution of his fubtil axzfer, as the mechanical
and immediate caufe of all that had been falfly imputed to
attraction by unfkilful men. This ftirs up the indignation
.of another ; who out of the higheft regard to the memiory ot
Sir Jfaae, pulls this vindication of him all to picces, repre-
{ents it as worfe than none at all, rejeéts all fuwbtil matter
in the lump, and recommends the émmediate influence of 1he
Deity, as the grand difcovery, and the only cure for all dif-
putes. But for his pains, he is inftructed in his turn, that
‘his own labours have only ferved ro open wup the fallacy of

" P.osag.
L, 2 his
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bis feheme, and reduce the whole to an abfurdity. ‘There have
been heavy complaints, that the philofophy of Sir Ifaac hath
been depreciated and cven ridiculed®. And is it not enough
to difcompofe the mufcles of an- hermit, to fee men thus no-
mrmuﬂy contradicting one another, and all gravely pretend-
ing to authority and cfﬁﬁzwg/?rgim?zf They tell us, there has
been a great difcovery of late years in natural phlloﬁ:rphy; it
having Béen- faund ¢ length, after the world had been in
ignorance for many ages, that all matter is endued with a#-
trattion. It you afk them what they mean by it; it is —
an innate virtue or affe¢tion of matter ; while others affirm,
matter can have no fuch afte@ions. It is the moft ﬁmple
of mz.«r_/ér, and an effeél, the caufe of which is unknownj it
is owing to the agency of a fubtil medium ; and it is effected
by the immediate influence of the Deity : and if you do not
believe this principle, and make ufe of it to explain every
thing, you are out of the fafhion, and what you have to fay
will be very coldly regarded.

A's we cannot pnﬂtbly believe 2/ thefe opinions, we are
not bound to believe any one of them upon the bare au#ho-
rity of Sir Ifaac Newton. If we are to receive one of his
opinions in this way, why not another ? the authority which
is broken through in one article, will at leaft be queftioned
in every other. If it be faid, we have reafon to prefer fome
of his fentiments to others ; then we are influenced, not by
authority, but by reafon or evidence ; and hitherto T would
willingly bring this matter. Reafon and evidence muft de-
termine us at laft, though the fame of Sir Ifaac Newton
were as univerfal now as that of 4rifforle was formerly. His
warmelt friends take this liberty with him. Mr. Maclaurin

* Philof. Difcov. p. 110.

- rejects
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rejects his immaterial powers aéting at a diftance; Mr. Baxter
‘makes as free with his medium, yet is greatly difpleafed with
his adverfary for leffening Sir I/aac’s authority. But they treat
the publick with fome difingenuity, if they would overbear
the judgment of others by that authority, which, as it ap-
pears from their own practice, hath had fo little influence
upon themfelves. They chufe their own fentiments, as in-
clination or paffion direéts; and then defire us quietly to
reft upon the authority of Sir I/aac; though one of thele
has robbed him of his azzraétion, the other of his medium ;
and thus, between them both, they have left us nothing to
follow.

Ir the learned were but once perfuaded, that God doth
govern the natural world by a delegation of material inftru-
“ments,» which feems to have been oze of the opinions of Sir
Ifaac, at leaft, it was an opinion held by Mr. Mac/aurin in
his name; and could be brought to fee any errors in the
doétrine of refiftance ; {fomething, I am convinced, might
yet be done, either in this or the fucceeding age, to render
natural® knowlege more ferviceable to people of all clafes
than it is at prefent ; chiefly, becaufe the enquirers of thefe
times would no longer have their hands tied up by an ima-
ginary infallibility in thofe who have gone before them; the
admitting of which has always been attended with fatal ef-
fedts: they might then rejeé fuch priaciples as are mani-
feltly falle, and puz a flop to their enguiries, and take ad-
vantage of the reft in common. .

It is ftill believed however by very many, either that
matter, though inert, is endued with adive qualities; or
that the influence of the Deity is immediate in the produc-
tion of all natural eftects. By the former of thefe pofitions,
we allow to dead matter a power that is denied even to God

him-
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himfelf *: by the latter of them, we are directed to read
nature backward ; to begin where we ought to have ended ;
and in fupport of fuch pmcedure, are obliged to annihilate
the far greater half of the creation. I fhall therefore go on
to examine, how far thefe pofitions are fupported by ma-
thematical ev1dence

CHAP. IV.

The attratltion of gravity, underflood as an univerfal property
or quality in the parts of matter, hath received ne preof

fram geometry.

E have been affured from every quarter, that the

modern doérine of phyfical caufes has all the evi-
dence that can be defired from experiment, and is abun-
dantly confirmed by the moft ftri¢ mathematical reafoning.
That this doétrine deduced analytically from obfervation’
then applied fynthetlcally to the exphcatmn of the various
pheenomena : and its impregnability in thefe refpects has been
boafted of, I will not fay infolently, but confidently enough.
I am fure, by all its admirers great and {fmall, from the learn-
ed, who think it refts on the firm bafis of geometry itfelf,
down to our mere Eznglifb mathematicians, who declare it as
their opinion, that “zever a philofopher before Newton ever took

* Omniprzfens eft non per wirtatem folam, fed etiam per fubfantiam : nam virtos fine fub-
ftantia fubfiftere non potelt,” Neawe, primcip. fchol. gen.

¢ zhe
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“ the method that he did — that it is a mere joke to talk of a
“qew philofophy — and that in thefe unbappy days of igno-
 rance and avarice, Minerva has given place to Pluto,” mean-
ing Plutus”.

THESE pretenﬁons, whether of the learned or unlearned,
deferve a ferious examiination. Experiment' is nothing ]Eﬁ
than matter of fac, which if not mifreprefented, is the beft
{ort of argument in the world: and a marhernatical conclu-
fion, if deduced from real data, is not eafily overthrown.
Something  has already been faid ‘of ‘mathematical’ ‘evi-
dence, in the former part of this treatife ; therefore I have
the lc{s to fay of it in this place. ‘And mdccd, very little
need be faid, if the theory of refiftance be a fallacy, as I
have fully proved it to be; for zbar is the thing generally
aimed at by thofe, who fpeakof mathematical demonftra-
tions. It may neverthelels be ufeful to remark, that no phy-
fical principles whatever can poffibly be collected from geo-
metry. Every particular {cience hath principles peculiar to
itfelf, and independent of every other. No example can be
given of the contrary, within the whole circle of the fci-
ences. How abfurd would it appear, if we were told of the
mufical principles of phyfic, the medicinal principles of the
civil law, the grammatical principles of aftronomy ? &ec.
And mathematical principles of natural philofophy, if phy-
Jfical caufes are fuppofed to be included, will be equally un-
~ natural ; as the moft fkilful mathema_ticians have been ready
enough to confefs. ¢ Geometry, fays Mr. Maclaurin, can
“be of little ufe in natural philofophy, till data are colleéted
“to build upon +.”” Thefe data, I prefume, are to be ob-

* See the preface to Emerfon’s treatife on mechanics. The book is very ingenious and ufeful
in fts way, and the author appears to underftand his fubje&; but when he decides thus ma-
gullerially upon phil fophy in general, it is — fwtor altra crepidam. + P. 35,

tained
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tained from natural philofophy, as a {cience circumicribed
within its own proper bounds. A method of inveftigation,
ftritly phyfical, fhould firft be fubmitted to ; and the refult
of that be examined and fettled, prior to all that can be
done in geometry 3 the apphcatmn of which, may be of ex-
cellent ufe to illuftrate and adapt to partmular cafes what
hath gone before; but will add neither demonftration nor
confirmation to it. For a geometrician can work with ima-
ginary or hypothetical forces as well as with real ones ; the
operation will go on as {moothly,: and the conclufion come
out as readily in one cafe as in the other. No man {feems to
have been better perfuaded of this, than Sir Jfzac Newton
himfelf. His followers indeed will affure us, he has unde-
niably proved one {pecies of attraction to be diffufed through
the whole planetary {yftem *. But the author himfelf knew
better. He declares more than once, that the principles, laid
down by him in his demonftrative work, were not phyfical
but purely mathematical +, as the a‘m’e implies : and with
regard to gravity or attradion in particular, he is {o far from
pretending to have demonftrated the exiftence of any real
phyfical caufe under that term, that his definition of it is {o
loofe, as to leave us quite at liberty about it. ‘We may take
it as a drawing, an impulfe; or a tendeﬂcy of any kind to-
ward a centre. When he confidered it phyfically, he thoug ht
a medium might {uffice to impel bodies, and anfwer all thE
purpﬂﬁ:s of that attra&tion, which as it ftands in his princi-
pia, is a caufe barely hypothetical. Should it be imagined,
that attraltion, as a caufe, power, or principle, had been
cftablithed by demonftration ; the author will be fet in a
very difadvantageous light, who could firft demonfiraze at-

traction, and then emguire about it.
1

Bur

* Friend. Chym. Leét. p. 18o. o} Fuig56s
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Bwt there is one circumftance that will put this whole
affair out of doubt. It is well known, that the attraétion
{fuppofed in the principia, is mutual between all bodies what-
foever. If the earth attra@s the moon, the moon in its turn
attracts the earth; if the fun attra@s the planets, the pla-
‘nets alfo attra& the fun; and this attra&tion always follows
the proportion of the quantities of matter in the attracting
‘bodies. As a neceffary confequence of this, the fun will be
-perpetually fhifting its place, and be moved fometimes to this
fide of the common center of gravity, fometimes to that, as
he happens to be influenced by a different fituation of the
planets *.

Now I beg leave to compare this with what is faid of
-an @therial medium in the treatife of optics, This medium
is fuppofed to be 7raref at the body of the fun; but to in-
creale in denfity through all the diftances from the fun to
Saturn and beyond ; and that it may {ufhice to spe/ bodies
from the denfer parts of the medium toward the rarer, with
all that power which we call gravity +. All this is very juft:
the preflure of fuch a medium will undoubtebly be greateft
on zhat fide of the planets, which is turned from the fun;
and all bodies will naturally be carried to that fide, where
the preflure is weakeft; that is, zoward the fun. But what
is become of the fun’s mutual gravity in fuch a cafe? for
if he gravitates toward the planets, we muft contradi@ this
mechanical rule, and fay, bodies will be impelled from the
rarer parts of the medium toward the denfer ; without which,
the fun, being already in the rareft part, muft for ever be
at reft. Sir J/aac either did fee this confequence, or he did

* Saol, pro vario planetart m fitu, in omnes paries movebitur. Prizcp. P. 374

T Q. 21.
‘ M not
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not. That he did not fee the plaineft confequences of his
own reafoning, few will be ready to admit: if he did, he
gave up mutual gravity to all intents and purpofes; but this
he never could have done, had he thought it to have been
mathematically demonftrated.

I hope I fhall not be mifunderftood in this affair. It ap-
pears to me, that gravity is no property of matter, becaufe
it is not univerfal ; and I have compared fome paflages, to
{hew it was not univerfal in the opinion of Sir J/fzac him-
felf; provided only he faw the confequence of his own rea-
{foning, which will hardly be difputed. But while I am per-
{fuaded, that the fun neither does, nor can poflibly, gravi-
tate toward the planets, for the very reafon given by Sir J/zac
Newton, 1 am far from denying that the plancts tend to-
ward the fun, and toward each other : it is highly reafon-
able, with fome proper reftrictions, they fhould do fo; and
experience, I believe, will convince any aftronomer of the
fat. As the world flands indebted to the genius of that
great geomcetrician for this difcovery, let the learned obtain
trom it what light they can in afcertaining the pheenomena,
and let him have all the honour of it. But never let it be
a pretence for faddling us with occult powers in {olid mat-
ter; if his followers make that ufe of it, they will gain no
credit to their mafter in the end; and hitherto they have
gained but little to themfelves by it, as it muft have ap
from what hath been faid ; in all which, I hope there hath
been on my part no mixture of envy origrejudice ; unlefs
matters of fat, and plain argumentation, dre {o to be inter-
preted. |

WEe are to conclude then, that the attra&ion of gravity,
underftood as an univerfal property of matter, is void of all

geome-
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cometrical evidence, If Sir Jfaac Vewton hath left this af-
Etir undecided, no other geometrician, of this age or the
next, is like to fupply his defects: and yet every fmatterer
almoft in natural philofophy is perfuaded he can make it
out againft all oppofition. The ground and reafon of which
miftake I apprehend to be this; that many of our geome-
tricians, ambitious of dictating to us about the caufes and
firft {prings of nature, while their art can reach only to the
meafure of fome of its effeéts, have not been careful to dif-
tinguifh, how far a mathematical conclufion will extend,
and how far not. Hypothetical forces or real ones, as it was
obferved a.bﬂ?ﬂ, will equally afford matter for an aftronomer
townrk upou . For example, if the moon, as fhe moves
in her orbit, is imagined to be influenced by forces a&ing
in lines which tend toward the centers of the earth and fun;
then the different inclinations of her orbit to the ecliptic, the
irregular motion of her nodes, her retardation about the

ua.draturcs, her acceleration about the cnn_;un&mns &c. may
?GHOW‘ by the rules of geometry. Upon thefe principles, Sir
Ijaac Nema‘m is univerfally allowed to have accounted for
the lunar irregularities with great fagacity, and, as an aftro-
nomer, to have left that matter in a much better ftate than
he found it; though it is not yet perfeted. But what thefe
forces are in fpecial, and in what manner they a&; whe-
ther as an a&ive immaterial virtue, exerted through a void
{pace, from the centers of the earth and fun; or as a pref-
fure of fome etherial medium aéting in lines zoward thole
centers; none of his reafonings have determined for us.  So

* Neque neceffe putant, ut hypothefes iftz ver® fint, imo ne verifimiles quidem, fed {ulhcit
lo¢ unom, ut calculum oblervationibus cor igruentem exhibeant. Herroce. L""T Pok. 179.

M 2 far
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far from it, that we find his principia inclining to one fide,
and his phyfical queries to the other. And I may appeal to
the judgment of any ingenuous man, fufhciently verfed in
mathematical ftudies, whether the phcecenomena above-men-
tioned may not arife from a preflure bebind, as well as from
an attra&ion before ; and whether Sir Jfaac’s geﬂmetncal rea-
{foning will not be as conclufive in the one cafe as in the other?
How comes it then to have been publifhed to the world,
that “one {pecies of attraction hath been undeniably pru_tfed
¢ to be diffufed through the whole planetary {yftem ?** This
having been no more proved by any of his arguments, than
that one fpecies of impulfe or preffure is diftufed thro® the
whole planetary {yftem; and for the truth of this, I may
refer to the definition, where the terms attrattion and im-
pulfe are taken indifferently, and are to be fo taken through-
out the whole book ; otherwife this can anfwer no purpofe
as a definition. 'That fome force prevails, and in fuch parti-
cular directions, is capable of demonftration: but the rea-
foning and obfervation, which only prove the exiftence of
fome force in general, will never demonftrate that of attrac-
tion to be the force in particular. So that nothing farther
need be faid in this way. Let us now go on to experiment.

CHAWP
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G A S P i

The attraction of gravity, underflood as an univegfal property
wor quality 7z the parts of matter, is not agreeable to ex-
periment azd obfervation.

O experience has hitherto fhewn us, that what is
“called the artraétive force of the fun and planets, is
anfwerablt: to their quantities of folid matter. Their bulk,
as eumput«ed from their refpective diftances and apparent
diameters, is far from yielding a proportion of gravity fo
uniform as might have been expeted. Gravity toward the
earth proves to be much greater in- proportion to the bulk
of the earth, than gravity toward the fun, or any of the
primary planets. This feems to be a great difficulty in the
hypothefis of gravity. But how eafily is it reconciled, if we
are allowed to alter the denfiry of the heavenly deIES and
by this means bring their quantities of ‘matter to an agree-
ment with the hypothefis | The fias of a favourite philofo-
pher can fo reduce the denfity of the folid matter in the bo-
d}r of the fun, that the denfity of the earth (hall be Jour
timmes greater ; and then the attradtive power of the fun ﬂnll
‘exactly anfwer to his quantity of folid matter: and the {fame
liberty muft be taken with the other great bodies of the {olar
fyftem. Their denfity muft be accommodated to their ac-
tractive powers : then if their attradtive powers be taken for
granted, their denfities will pafs for a difeovery. Thus great
men amufe themielves and the world by arguing in a circle,
or proving the truth of a propofition by the conclufions they
have drawn from it: for unlefs you admit of this denfity,
' which
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which arbitrarily, and without any obfervations to fupport
it, is accommodated to the hypothefis of gravity; that hy-
pothefis will labour under a difagreement with oblferva-
tion.

Tuat there may be fome fhew of experience however in
all this, it is intimated that the fun muft needs be rarer
than the earth, becaufe of the immenfe heat of his bedy *.
But the p]anet Fupiter, whofe body muft be exceedingly
colder than that.of the eanth, appears from his attra&ive
power upon his fatcllites 1 to be imuch rarer than the’ fuu,
and Sazurs rarer ftill; which circumitances are very unpro-
mifing ; and if gravity be admitted here as the fole agent,
we are condudled to a fort of philofophy,. that blows hot
and cold, againft all realon and experiment, | Des-Cartes was
of opinion, that, the denfity of the planets muft naturally
increafe as they are more remote from the fun: and furely
this is more reafonable than the contrary; it being an obfer-
vation, to the beft of our knowlege univerfally true, that bo-~
dies are rarefied by heat, and condenfed by cold ; the feem-.
ing rarefaction of ice not excepted.

Tuar the gravity of bodies is in all cafes as their quanﬁﬂm
of {olid matter, is rendered very doubtful, if not abfolutely
falfe, by fome chemical cxperiments, and has been dnubtei
of by perfons of no ordinary fkill in geometry and natural

philofophy. Mr, Macl:urin, among the reft, thinks we can
affirm this, only when we compare deIEE ﬂf the fame kind }.

* Nam per ingentem fuum calorem fol rarefcit. anﬁ 3725

+ The method Sir Ijrac made ufe of to inveltigate this nmhemaumlly, is laid down, in a’
manner as caf}' as the thmp- is capahi:e of, i:n..r Dr. Febn {idarde, in his :#rwnﬂrﬂmn of Sir Ifaac
Newron's principles of ‘;{r:jr.’:fa‘,ﬁ_.ﬁ} 8vo, p.3o0l. &c. confu t alfo Mr. Maclaurin's account &c.*
p- 288, &c. L

1 This agrees exadtly with a definition given by Plato — warig v 7o Tigaiw mvy e jaapun-
peirory SotguTrpey piiy, Te tx wimersy TOM ATTON svsises. _."h'r'.L.-'.?' de Cezlo. le 4. C. 2.

L]

HDMBERG’S



ConsipErRED AT LaARrRGES 95

~ HoMpERG’S experiment on the regulus of antimony, and
the fuccels of it, is'a thing generally known. He expofed
fome of this matter to be calcined by the great burning glafs
of the duke of Orfeans, and found it had gained in the
operation one tenth part in weight. Homberg ma.de this ex-
iment and fome others like to it, with the expectation of
being able in due time to pmduce gold. But zruzh is of
much greater value, and if we can produce any of that
from it, let us leave all the gold to the adepts. Some re-
late the experiment thus — If a mafs of regulus of antimo-
ny, of a pound weight, be pulverifed, and calcined at the
focus of a burning glafs of a Parss-foot. in diameter, the
‘weight of the mafs will be increafed by one tenth ; though
during the whole time of the operation, which la&s about
-an hour, the regulus fends up a thick {moke, and thereby
lofes a confiderable part of its own proper fubftance.
. Taere are, Ithink, but two poffible ways of accounting
for this effe®. 1. If the quantity of matter be the fame af-
ter calcination, ' or fomething lefs (the fmoke being allowed
for) than it was before, while the gravity of the whole is
become greater, then the gravity does not follow the quam
tity, and confequently it is no propersy of the matter. 2. If
there be an increafe of the mafs, it can be lmputf.d tn no-
thing' but the matter of light or fire ent*mg]ecl in its paffage
thmugh the fubftance, and fo fixt in its pores or combined
with its folid parts, as to gravitate together with it. On this
latter fuppofition, the matter of fire muft have a denfity,
which will introduce great confufion into the dodrine of a
vacuum. But to come flill nearer to the purpofe; it will
alfo be faid, that if this fire did not gravitate, till it was fixt
in the meta], (and it will be hard to' prove that it did) then

we have a fluid, which gravitates in fome cafes and not in
others :
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others: fo that the fame conclufion offers itfelf, which way
{oever the experiment is interpreted. It will be vain to {up-
pofe, that any heterogeneous matter floating in the air, or
that the air itfelf, is hurried into the mafs by the aéion of
the fire, and the weight increafed by this means. For it is
known experimentally, that if a quantity of metal be even
hermetically fecured within a veflel of glafs’ to keep off the
air and all foreign matter, and the veﬁ'el be placed for {fome-
time in a ftrong fire, it will exhibit the fame effeét. < 1 have
{een the operation performed on two ounces of pewter-filings,
hermetically fealed up in a florence-flafk, which in twe hours
gained 55 grains, that is, nearly ~« *: had it remained lon-
ger in the fire, it might poffibly have gained fomething more.
The calx of lead, commonly known by the name of red-
lead, is reckoned to gain one tenth; at which rate, 1olb. of
fire will be fixed in 100lb. of lead. If this trial were made
in ten thoufand different places of the world at once, and
repeated an hundred times in a year, no reafon can be given
why it fhould not fucceed. ' But the quantity of fire thus
imbibed, allowing the proportion above-mentioned, would
amount to 10,000,c00lb ; which according to the modern
‘law of gravity is more thin ought to replenifh. the whole
orbit of Saturn. - Yet, I prefume; the heavens and the earth
would be as plentifully ftored, to all intents and. purpofes,
with this element as they were before: fires would burn,
the fun would fhine, and eleétrical experiments fucceed 1n
all places Juﬂ as thf:y do now.

* In one experiment of Mr, Bayle on copper filings, the increafe by fire was 49 that is,
a%o?
fomething better than one tenrh. In another, an’ ounce of tin calcined gained a drachm, that

is, % ; and fteel filings more than .énh'_' See bis ex)erimegts to ma&:' fire and flame ponderabl.

As
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As a fequel to what has here been obferved concerning
the impregnation of folid fubftances with the particles of
fire, and particularly that of minium or red lead ; give me
leave to fubjoin an experiment of Mr. De Stair, which I
borrow from the excellent Viewentyr. He tells us, that up-
on heating red lead in a glafs (from whence thie air was ex-
haufted ) by the rays of the fun colleéed in a burning glafs,
the veffel, i which the faid red lead was contained, burft in
pieces wuh a great noife *, Now as all explﬂﬁnns in general
muift be afcribed: either to an admiflion of the air into a ra-
refied fpace, or to what is called a generarion of it ; and as it
“was not admitted upon this occafion, it muft have been
generated from: the calx within the veflel : and cerfainly was
fo, becaufe Dr. Hales has made it appecar, that this fub-
ftance, like crude tartar and many others, will yield a con-
fiderable quantity of s in diftillation .  What went into
the metal therefore as fire, comes out of it again as 4ir;
which in a manner forces us upon a conclufion, of meﬂl-
mable value in natural philofophy, and fuch as may carry
us very far into what Mr. Maclanrin has termed, with great
juﬂgmenﬁ, the moff fublime part of it. The ingenious ex-
~periments: of Dr. Hales feem to have given him a‘ fight of
it 3, as I conje@ture’ from his having mcﬂtﬂjﬂf.‘d oty this occa~
fron, the: aerial particls of firet. The force of all the ful-
minating powders, the violent ebulhtmn of fome mixtures,
the fudden: accenfion of others, the inflammability’ of oils
and: other combuftible matters, together with' the tafte,
ftrength, and fermentation of hquors, the operation’ of men-
ftraums &e. do all' fuggelt the farme thing'y and might,
with: great: appearance of reafon, be déduced from one and

* Pigin. f Veg. Stat. pi287. 1t Ibid: p. 286.
N the



g8- ATTRACTION ampaGRANITY

the fame principle, if this were a proper place for en]argmg
upon it. .

I had a defign of bringing in here another feries of ex-
periments, to fhew that the gravity of bodies, where thofe
bodies are of different kinds, is not in the direét ratio of
their actual quantities of matter. But thefe are: {o very cri-
tical, as to require perhaps a knowlege of the intimate con-
ftitution of bodies to judge of them properly : and my con=
clufion, fuppofing it to be true, would not be very obvious.
It is therefore better wholly to omit them ; for why fhould
we lay a ftrefs upon any thing not f{ufficiently clear and
plain, when there is evidence ready at hand, the force of
~ which may be apprehended by readers of all claffes? It is
wifely ordered by the divine providence, that what is moft
neceflary to be known of nature, is generally the moft eafy
to be underftood : and if I affert that ¢« gravity is no univerfal
¢ quality of matter, becaufe all matter does not gravitate,”
I may have recourfe to a pheenomenon of-equal extent with
the creation itfelf ; and which, without an hyperbnle, 1s as
clear as the {un at noon-day.

GraviTy, it has been faid *, is the ¢ quality of all bo-
““dies on which any experiments have been made;” and
that as bodies near the earth gravitate toward the earth, fo
all ¢bodies in the heavens gravitate toward the fun +.” But
if we believe this, there is an end of all experience: for,
fuppofing this to be true, not one atom of light could ever
come to us from the body of the fun. Who would under-
take to prove, that the air of our atmofphere did gravitate
toward the earth, if it were inceflantly flying off from it
toward the moon and the other planets? This is the cale

* Princip. Lib. 3. prop. 6. Cor. 2, 1 Ibid. p. 469.
with
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with the atmofphere of the fun. A flood of matter is fent
off every moment with immenfe rap:dlty, from his orb, in
a dire&tion oppofite to that of gravitating bodies; and in fo
large a quantity, that no fpace however {mall could be af-
fumed within the whole folar {yftem, where the point of a
needle could be oppofed to the fun, without ftopping fome
thoufands or millions of the particles thus fent from him.
So long as the {fun fhines, a man muift do violence to his
own fenfes, if he can belmve a centripetal tendency to be
the quality of a// matter ; when the matter, void of that
quality; is in all appearance as far fuperior in quantity to
the matter poflefled of it, as the whole globe of the earth
to an ordinary mountain. But be the quantity great or {mall,
if the folar light is only allowed to be a material {ubftance,
the conclufion will hold good.

Tris grand objection to the gravitarian hypothefis has
never been ftated, or direétly replied to, in the philofophical
works of  Sir Ifaac-IVewtor ; and is generally pafled over in
filence by all his ;profelytes; though there is nothing more
worthy of admiration, nor more beneficial to mankind, in
the whole ceconomy of created things, than the conftant
emiflion of light from the fun.
+TueEre are indeed two arguments, if they can be called
fuch by which our-attention feems to be tacitly called off
from this difficulty. They are certainly of no great impor-
ta ice in themfelves ; but by pafling through the pen of Sir
Ifaac Newton, they are rendered too confiderable to be neg-
leGed. The firft is a pofition borrowed from Ar; ﬂar!e '111-:1
De:—Carxe:, that ¢¢ matter differs from matter only in form,
¢ retaining all other properties in common *.”" But this can-
not be admitted without fome proof ; becaufé it is the very

* P. 368.
- I B point
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point in queftion. That gravity is one of thofe properties
which are retained in common, though the form of the
matter be different, is an article, which has never yet been
proved ; and I humbly think, never will be, the propaga-
tion of light from the fun being a pofitive inftance to the
contrary. It would be weak to oppofe an unfupported affer-
tion, a mere logical {ubtilty, to {o plain and important a matter
of fa@, the conclufion from which is fo vifible, that nothing
but art or prejudice can avoid it: it depends not on words,
but on the vifible conftitution of zbings, and offers itfelf to
the common obfervation of all men in the great out-lines
of nature. ROTET
Anorvrer method of evading this difficulty, is, to reprefent
the element of fire, or matter of light, as a mere nothing ; a
fubftance, which may occupy a fpace in {o fingular a man-
ner, as to leave it empsy ¥ : and it feems to be queftioned,
whether a reader will recolleé that there is fuch a fluid as that
of light in the folar fyftem . Where we might have hoped
to receive from fo mafterly an hand fome inftruétion con-
cerning the nature and ufes of this wonderful fluid, we are
amufed with a long account of tranfmutations, - unnatural
and romantic, founded on an experiment of Mr. Boyl, in
‘which he thought he had obtained fixed earth from water.
But Boerhaave § carefully examined this, and: found it to be a
miftake. Hence however Sir Jfaac inferred, that as water is
turned into earth, fo grofs bodies are turned into light, and

light into bodies**: though by a principle adopted on another

* Empty celeffial fpaces. Opt. Q. 21,

|} 51 FORTE vapores longé tenuiflimos, & traje®os LUCIS radios excipias. p. 328. Pnnc,

I See Shaw’s edition of Boerbaave’s chemiftry. V. 1. p. 471.

** Mr. Boyle has an hydroftatical experiment to prove, that when, the weight of any metal
is increafed by fire, the fire is wor turned into metal.
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occafiony all this is rendered very improbable, if not altogether
impoflible. He is of opinion, that the primitive particles of
bodies will ¢ compofe bodies of one and the fame nature
¢sand texture in all ages *;” with which all tran{imutations
whatfoever are inconfiftent, In thort, the matter of light
feems to have been but a troublefome guelt in the mathe-
matic philofophy, though the author of it was indebted to
it for the beft and mof’c durable part of his reputation. And
long may it Jaft; it is no intereft of mine to wifh that the
ﬁckkmﬁr and inmn&ancy of mankind may ever deprive him
of it. He atks ““Is not fire a body heated fo hot, as to e-
¢« mit light copioufly? for what elfe is a red-hot iron than
“fire+?” Let us anfwer this, by putting a like queftion
~ concerning the element of water. Is not water a body
¢« wetted {fo much, as to wet every thing elfe copioufly ? for
“what elfe is a wet fponge than water ?” In this latter ex-
ample every perfon will allow the fponge to be a diftinét bo-
dy from the water, containing that element in its vacuities.
Now fire 1s as truly an object of fenfe as water; and hath .
as many prﬂperties to diﬁinguifh it as a fluid. What can a
red hot iron be therefcre, but zom and fire}, that is, iron
with the element of fire in it ; as boiling water is fire and
water ; and may be demonftrated to be {fuch, by including
it in an exhaufted receiver, as well as by fomﬂ other ‘me-
theds; though, I prefume, the epithets rm’ bot might accord
better with the inclinations of Sir J/zac, than a noun {ub-
ftantive would have done.

A vy thefe things being confidered, 1 beg leave to pro-
pole it as a guery of fome importance, whether Sir J/aac

* Opt. 3,3?5- t Q.o
T MiEor & ey ATO # xoy wheorar TOMATOAN ws 1 vy NITPOZ ays xoy 78 mrpymwu:rw =]
AHPOY. Stob. Ecl. Phyf, Lib. 1. c. zo0.
did
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did not think it his intereft to get rid of this powerful ele-
ment, or at leaft, to reduce it fo low in the efteem of his
readers, that it fhould never be able to do his fyftem any
harm. As for argument, there is little or none in the cafe:
had there been any, his penetration would foon have feized
upon it: therefore Boerbaave, Gravefande, Niewentyt, and
others, embraced a contrary opinion; holding fire to be an
element fizi generis, and rejeéting the whole doctrine above-
mentioned, without beftowing upon it, to the beft of my
remembrance, any f{erious refutation ; though they all con~
curred unanimoufly in admiring Sir I/aac as a moft excel-
lent geometrician, And indeed it is not worth difputing
about: for to fay nothing of chemiftry, the experiments of
eleéricity, how great foever the prejudices of the learned
may be at prefent, will in due time get the better of fuch
unferviceable {peculations. There have already been fome
Jaudable attempts in this way, though they are but few ;
and fome of the gentlemen who have been engaged in this
ftudy, feem to be terribly afirighted at the confequences of
their own difcoveries, treating the element of fire with as
much caution, as if they were touching it with their fingers.
The ingenious Mr. /7at/on, whofe experiments are very curi-
ous, inclines to the elementary fide. Dr. Hi//, after the exam=
ples of Boerbaave, Homberg, and the younger Lemery, does
the fame, in a learned work entitled — Thoughes concerning
God and nature. He has ventured to add fome {pirited re-
flexions, in a way peculiar to himfelf, on the modern phi-
lofophy of fire; which, I fuppofe, the faés he is mafter of
will fufficiently juftify. What he has faid in his 5™ book;
from the beginning of the 3%, to the end of the 7* chapter,
deferves well to be confidered : his hints, though very brief,
contain in them more truth, in my humble opinion, than

‘ : any
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any eflay publi{hed on the fubjed fince the cultivation of
ele@ricity in Engfmzd Others there are again, equally refpect-
able for their ingenuity and induftry, who are very unwilling
to admit the agency of an intelligible fluid, fuch as fire is.
They will perfuade us, it is improper to call the eleétrical fluid
by that name ; it being not fire, but the fubtil ther fo fre-
quently fpnken of by Sir Ifaac Newton™. The nﬁgative part
of ‘their opinion they thus illuftrate as air cannot
prnper]y be called found, fo neither can this fluid be called
fire. Air, they fay, saifes theiidea-of {found, and this fluid
caufes a body tD {hine or be on fire: but as air cannot be
called found, merely becaufe it raifes the idea of found; fo
this fluid cannot be called fire, merely becaufe it excites
fire. Any reader who is poflefled of a little logic, will im-
.mediately perceive this to be, not an argument, but a tran{-
poﬁtiﬂn of terms. For the parallel, in their way of draw-
mg it, is really this — as the air, that caufes bodies to found,

is not found ; (it thould have been, is noz air;) fo fire, the
fluid that caufes bodies to burn and fhine, #s 70z fire: — the
.inconclufivenefs of which is fufficiently evident. Fire, with
all its old properties, and fome new ones, is the agent dif-
coverable by fenfe in eleétrical experiments : this fluid, which
appears in all the experiments, they over-look ; and would
folve them all by another fluid, which (like the fifzh elesen:
of Arifforle) never yet appeared, nor ever will in any one of
‘them. Ele&ricity may well be dark and difhicult, if inge-
nious men refufe to be governed by their own eye~ﬁnrh{

-becaufe it would fuggeft, even to the meaneft Cﬂpﬂl‘:lt}? fome
principles differing from the moft eminent geometrician of
their own country ; who, being but a man, was liable to er-

* Obfervations on a feries of u]ef_tri'::ai experiments. By Mr. #¥3lfen and Dr. Hoadl;. p.6g, 70,

Tor
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ror like other men ; if not, I am greatly to be blamed for
what I have written, and for concluding, as I take the Ii-
berty to do without any fear or referve, becaufe I could
prove it by numberlels experiments, that fire is the moft
powerful agent in nature; that the whole heavens, as it is
manifeft to fenfe, are replenithed with the fubftance of light;
and what is above all to be regarded, that it iffues from
the fun’s orb in a direétion contrary to that of gravity : that
therefore, Sir Jfaac Newton’s univerfal law is falle by expe-
FIEHCE

Tue fame may be concluded from another confideration
of much weight, and almoft as plain as the foregoing.

T u e materials of this terraqueous globe are generally
agreed, both by the ancient and modern enquirers into na-
ture, to have been once in a feparate and diforderly flate.
The facred writings are known to have afferted this very
expreflly ; and to have added withal an account of particu-
lars, fo far as it is needful for us to be acquainted with them.
Between this account, and the heathen traditions relating to
the fame affair, there is a furprifing agreement ; of which
{fo many examples have already been collected by Grosius®,
and with fo much learning and judgment, that very little needs
to be added to what he has faid. Taking it then as grant-
ed, that the parts of this earth did once {ubfift as a formlefs
and incoherent chaos, a quef’cmn will naturally arife, by what
phyfical means or agency, in fubordination to the divine
power, they were brought together, and put into the or-
derly form in which we now find them? Owrd fays it was
by a melior natura ; which is a phrafe without a- meaning,
and anfwers no em:l but that of ﬁiimg up his verfe. Des-

*. Grot. de Verit. L. 1. F: ¢ 16,

Cartes
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Cartes fuppofes the world to have put stfelf into order, by
an imaginary motion of his vortices. And Sir Jjaac Newton
tells us, “the globe of the earth and fea affects a round fi-
“gure by the mutual attraction of its parts by gravity *.”

T o know whether this laft fuppofition has any truth in
it, we muft have recourle to obfervation. If the parts where-
of the feveral ftrata of the earth confift, and which appear
to be no other than the {fediments of water, did nngmall

- lubfide'by the agency of gravity ; - the ftrata thould lie in the

order of their {pecific gravities; and the extraneous bodies
buried in them fhould have the fame fpecific gravity with
the ftrata wherein they are found.

- Avv this Dr. #oodward affures us is agreeable to fad.
¢ This fubfidence happened generally, and as near as pofli-
¢ bly could be expected in fo great a confufion, according
“ to the laws of gravity ; zhaz matter, body or bodies, which
“had the greateft quantity or degree of gravity, {ubfiding
¢ firft in order and falling loweft; that which had the next,
“or a ftill lefler degree of gravity, {ubfiding next after and
“fo on+.” — ¢“the lighter fhells fell amongft the lighter
“ matter, the heavier {hells amongft the heavier {;” and in
a word, all the materials of this earth are generally fo dif-
poled as they ought to have been by the agency of gravity.
All this is aflerted with the greateft confidence; and by a
writer too, whom we muft allow to have been well ac-
quainted with the ftructure of the earth. But it is {fo con-
trary to. nbfervatinn, that every common labourer, who - has
affifted in the turning up of a ftone-quarry, or the ﬁﬂkmg
of a coal-mine, muft know it to be falfe. :

* Opt. p.370.
+ Nat. Hiff, of the earth. p.735. t Ihd.

O Tux
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Ture bowels of the earth have been purpofely examined
with this view, nearly to the depth of 200 feet; and the
loweft ftratum hath been found lighter than the uppermoft
that lay immediately under the turf. A defcription of the
ftrata, found in a coal-pit in Staffordfbire, was communi-
cated to the royal fociety by Sir Hans Slane, and the {pe-
cific gravity of the feveral {fpecimens having been examined
by Mr. Haukfbee, he made the following report — that
« the gravities of the feveral {trata are in no manner of order,
“but purely cafual, as if mixt by chance *.” And as to
foflile fhells, bones of animals, mineral concretions &c. they
are depofited indifferently at all depths, and are to be met
with in all kinds of matter. The echinites, a foflile body
formed in a fhell of the cruftaceous kind, which is very
light, is found in chalk, in clay +, and in ftone. Cockle-
thells and foflile-plants are found at the fame depth; and,
not to multiply inftances, the pyrize, a fort of metallic no-
dules, are generally found in cha/k. 1 fele&ed one of thele
bodies, of a fpherical form, with {ome of its native chalk ad-
hering to it; and found its fpecific gravity to be to that of
common water, as 4. §9 to 1; nearly the fame with that of
fome grey lead ore, which I compared with it at a venture,
and found to be as 4. 83 to 1. How a body of this weight
could be depofited amongft chalk by any law of gravity, is
to me inconceivable ; and Dr. #oodward’s motive for fo
ftrangely mifreprefenting this whole affair, would have been
equally. inconceiveable, if he had written an hundred years
ago: but at the time his thoughts were employed on the #zazu-
ral hiflory of the earth, gravity was coming into vogue as a new

* Phil. Tranfai. No. 336. p. 541. or Haukfbee's experiments. p. 317.
t Luid, Lizelph, Cl.6. Art. g26. :

prfmz:m
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primum mobile ; and there are few men, who for the {ake
of truth will run the hazard of having their literary pro-
ducions, the fruit of much labour and ftudy, neglected or
evil-fpoken of as foon as they are publithed; though in
{ucceeding times, when the heat of fafhion is a little abated,
they will be refpected the more for it. If Dr. ZZvodward’s
aim was fuch as I imagine it to have been, he certainly
failed of it in fome degree. The introducing of gravity into
his work might gain him many friends and fome few profe-
lytes ; but it infufed into others a very ftrong prejudice
againft him : for this appears to have been the principal
reafon, which moved Mr. Ray to reject his hypothefis of an
univerfal diffolution. He fufpected it to be an invention
{ubfervient to the new principle of gravity ; knowing that
the pheenomenon, which he would have folved by fuch a
diffolution, was not generally true, and that we have fuffi-
cient authorities to prove the contrary *,

TroucH the nature of my fubject hath obliged me here
to make fo free with Dr. ZZ¢dward in one article, I have
no defire to leflen his real merit, which is that of having
treated the fubject of the univerfal deluge in a manner far
{fuperior to all writers who had undertaken it before him.
But in the article relating to gravity, to fay the beft we can
of him, he was miftaken.

Hap the carth been put together in the manner he has
fuppofed, by the attration of gravity, the natural order of
things would have been inverted, and the ceconomy of the
world thrown into the utmoft confufion. All the water of
the globe would have been uppermoft: all the gold, and
other metals, would have fubfided to the central parts. And

* Ray's three difcourfes. p. 167. 4th edit.

O 2 | altho’
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altho’ the poet has fixed a ffigza on his effodiuntur opes, yet had
they been carried down to the center, how many hands had
been unemployed, and left to idlenefs or mifchief, for want
of neceflary labour. What (hould we have done for inftru-
ments of iron and brafs ; I will not fay for warlike and de-
ftructive purpofes, but for neceflfary and mechanical ufes?
To be fhort, the difpofition of things below the furface of
the earth is fo ordered, that mankind may reap the greateft
benefit from it. And does it not plainly demontftrate at the
fame time, that tho’ bodies may fall to the earth by what
we call gravity, this gravity is but a partial phcenomenon,
and was never employed as a ruling principle in the confor-
mation of this terraqueous globe ? If to the facts here col-
leted, we add the denfity of elementary fire as found by
experiment, and the perpetual efflux of light from the fun,
the refult of the whole is — gravity does not prevail as an
univerfal principle, either in the heaven above, or in the
earth beneath; and confequently, a fyftem of philofophy,
which both fuppnfes and requires it to be univerfal, hath
miftaken the agency of nature, and is o far at leaft contra-

dicted by experience.

C-H vk
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Co b AP, . VI

The forces of attraction and projection, commonly called cen-
tral forces, will not confift with the motion of the planets,
even upon the fuppofition of a celeftial vacuum.

H av e but one more obfervation to make in regard to

w;t y. Iown it to be fomething in the nature of a di-

, and ‘as fuch I hope it will be excufed. This prin-

mple then, compuundf:d with a projectile force, will not

account for the motion of the heavenly bodies, even allow-

ing the fpaces in which they move to be void of all refifting

matter. We are under no ﬂbligatinn to grant this; how-

ever let us grant it for argument’s fake, and {ee what will
follow.

A body a&ed upon by two different forces at the fame
time, will deferibe the diagonal of a parallelogram, whofe
fides are refpectively equal to the two forces. Experiment
{hews this to be true; the application of it is what I am
here to treat of; and I {hall endeavour to be as fhort and
as plain as I poffibly can.

. Tue celebrated author of the principia, as it is univer-
fally known to all thofe who have but dipt into natural phi-
lﬂfﬂph}', fuppnfes a planet to be acted upon by a projectile
force, glvmg it motion in a right line, which makes a tan-
gent with its orbit. This force, once imprefled, is always

to continue by his firf law @rﬁarure *. It is alfo ated up-

* 8ir Jlaac’s firlt law of nature is this — AW lodier comtinue in their [late of r{:.-'? or motion, uni-

Sormly in a right line, except fo much as they are forced to change thar ffate by forces imprefed.
Prima lex nature, quod unaquzque res quantum in fe efl, femper in eodem ftaru perfeve-

h!t,. ﬁtth quﬂd femel movetur, ﬁ:mp{:r moveri pergat, nec unguam mutetur n i a caufis ex-
ternis. #id. Cartefii princip. phile/. P .2, fet. 37.
on
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on at the fame time by a centripetal force ; which fome ob-
{ervations upon.the moon have induced him to believe is
the fame with what is called gravity near the earth’s {furface.
By the former of thefe forces alone, it would always pro-
ceed in the tangent or right line; by the latter, it would
fall ftrait to the centre ; by both of them jointly, it will be
gradually bent below the tangent, and in a given time, fuf-
ficiently fmall, will defcribe the diagonal of a parallelogram,
whofe fides are as the two forces. In a fecond moment of
time, it will defcribe another, and fo on. Now if thefe pa-
rallelograms are imagined to be infinitely fmall, a feries of
their diagonals will not fenfibly differ from a curve: and
thus he accounts for the motion of the planets in curvilinear
orbits.

Tue greateft adverfaries of Sir I/zac Newtor muft allow
“the thought to be highly ingenious. A thorough mathe-
matician is {o {mitten with the elegance of it, and with the
wonderful things he has deduced from it in a courfe of - ab-
ftrufe theorems, in which few are able to follow him but
thofe who do it to a degree of enthufialm, that they will
very hardly be induced to quit their theories for a while,
and condefcend to examine, how this fpeculation will con-
{ift with pra&ice.

Ir I had an inclination to multiply words, I might ob-
ject to the generation of a curve by the diagonals of {mall
parallelograms ; becaufe there follows from it this abfurdity,
that as thele diagonals can be confidered only as right lines,
no curve can be compofed of them, unlefs a curve and a
. right line are commenfurable, which every geometrician
knows to be falfe. It would be idle to infift upon this, be-
caufe the thing does affuredly hold good in nature, whether
the method of infinites will confift with geometry, or not.

- A curve
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A curve is evidently defcribed by a projeétile ; and that pro-
jectile appears to be actuated by two forces thus compound-
ed. As far as I am able to judge, there is no reafon why
the orbit of a planet, provided the forces are adequate to the
effe@ts, may not be produced in the fame manner. But I
humbly think, the forces of gravity and projeétion, which
were propofed long ago with this view by Mr. Horrox +,
are inadequate, and unfit for the bufinefs affigned them.
No /afting motion, as it will foon appear, can poflibly arife
.from a compofition of zhefe two forces, for the following
reafons.

Lz T us imagine the two forces to be reprefented by two
bodies, a and B (See plaze I1. fig, 1.) and let thefe be made
to ftrike againft a third body, c, at reft. Now it is certain,
from the laws of percuffion in bodies not elaftic, 1. that
if A and B are carried with equal quantities of motion to-
ward contrary fides, and do both impinge at the fame time
againft ¢, no motion is produced by it, but all the three
bodies remain perfe@ly at reft after the ftroke. This may
be laid down as the moft fimple cafe. 2. If the angle of
their meeting at c be very obtufe, as acs (fig. 2.) the mo-
tion communicated to the body c will be equal to the dia-
‘gonal cp; fo that the whole fum of the force hereby pro-
duced, is not equal to either of the forces fingly which pro-
duce it, and all the remaining part is loft. In the firft cafe,
the refiftance between the two forces was total ; here it is

1 Teftantur obfervationes — figuram orbite planetariz effe ellipticam — motumque ejus in
hoc elliptico inzqualem effe, & pro diftantia {ua a fole intendi & remitti — Projiciatur plum-
bum aliquod in altum, furgit primo welociier, deindé tavdius, dum tandem Rationarium in terram
recidat comfinus welocitatis incremento, atque ita motum librationis deferibit — oritur ea libratio,
ex pugnd wirtatis fllius quam manus tua illi infudit, und cum wirrare telluris magneticd, qud
omma gravia ad fe attrabit. — Quid eft quod 7 motu planetaram, ubi eadem commoditas non
deeft, caufam weram a naturd ipfa tot exemplis confirmatam, fittitio circulorum fomnio commu-
taremus ! Horroc. Op. Poit. p. 181. § 3. This wonderful adept in altronomy flourithed to-
wards the beginning of the laft century, and died at the age of 2z,

but
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but partial. 3. If the angle of meeting be lefs obtufe, right,
or acute, as in the 3° figure, the motion produced may be
equal to eze of the forces, as cp, where the angle Lcm is
120 degrees (the triangles on each fide the diagonal being
equilateral ) or greater as cg; but can never be equal to
both, till they coincide in the fame right line ; which cafe is
the reverfe of the firft, for by fuch coincidence the commu-
nication becomes total, and the refiftance vanifhes. :

I thall be forry if the word refjffance gives any offence to
thofe, who have been accuftomed to a different way of rea-.
foning : but if they can, upon the received principles, dif-
tinguith between refiffance and a lofs of motion, 1 confefs it
is more than I am able to do. Motion, they muft allow,
is always loft in the compofizion of forces. There is an ealy
way of fhewing this experimentally, by three weights pulling
at the fame centre with oblique forces. Thus if the weight
A (fig.4.) of 3 pounds, and the weight B of 4 pounds, pull
againit each other at an angle of go degrees, they will coun-
terpoife a third weight, as ¢, which is only 5 pounds. The
difterence, or lofs, is equal to 2 pounds: but how can this
be, unlefs the compounded forces 3 and 4 do in fome man-
ner countera¢t each other? and what can we call this but
refiftance 2 the thing will be juft the fame, whether the
word be admitted or not: a motion thus produced, by a
compofition of forces, cannot be lafting, unlefs thele forces
are perpetually renewed.

Tur application of all this is eafy cnnugh 'The centri-
petal force upon a planet, having a conftant {upply, will be
increafing every moment, and bring the planet nearer to the
centre. But the projectile force, originally imprefied, hav-
ing no recruit but from the fir# law of nature, which is
none at all, muft vanifh by degrees; and it makes no diffe-

rence
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rence in the argument, whether you fuppofe it to vanifh in
ten years, or in ten thoufand. Hence it is impoflible for a
body actuated by #hefe forces, to deferibe a curve which fhall
return into itfelf. A mathematician may make this appear
plaufible upon paper; but it is no practical truth, be the
ipeculation ever fo pleafing.

It is neceffary then to call in the affiftance of fome me-
dium, as an agent, to renew this projeile force as faft as
it decays. Philofophers might perhaps find their labour well
repaid, if they would enquire whether any {uch is to be met
with: and they will pardon me, if I tell them, fuch an
enquiry can be no difgrace to them; for Galileo himfelf,
the greateft geometrician of his time, to whom the prefent
age 1s indebted for a confiderable part of its knowlege, was
perfuaded the fun might occafion the motion of the planets
in a mechani€al way *.

- It fhould alfo be confidered, now we are upon this fub-
je&, that the motion of the planets is not perfectly circu-
lar, but eliptical. At fome times they are driven farther off
from the fun toward the higher ap/fis of their orbits: at o-
ther times they approach nearer to him, as they tend toward
the lower. To this it is wholly owing, that the earth is
nearly eight days longer in pafling from the vernal equinox
to the autumnal, than from the autumnal to the vernal, If
they are carried off by a projectile force, and brought nearer
by an attractive, neither the one nor the other can continue
in the fame ftate through any one of their revolutions, or
to fpeak more ftrictly, through any two points in one half
of their ellipfes. How are we to account for it, that the
projectile force, when once over-ballanced by the attractive,

-~ * See his letter to the grand-dutchefls of Tufcany. p. 57.

P does
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does not fo far decay, as to let the planet draw up in a
Spiral, till it falls into the centre? When the attraction of
gravity is accelerating the motion of a planet or comet, and
caufing it to approach nearer to the fun with great rapidity,
it brings it down to a certain point only, but never below
it: for when it has reached this point it rifes again imme-
diately, which, without fuppofing fome 7ew force to aét up-
on it, is altogether impoflible. In the theory of proje&iles
in vacuo, there is no cafe parallel to this, or in any degree
like to it: for let a planet be projected from the higher
apfis of its orbit, with any force lefs than infinite, and its
defcents below the tangent, according to the known laws of
projection, will be as the /guares of the times from the be-
ginning of its fall, till it attains a point either of relative or
ablolute reft.

As to the motion of the moon in particul?ar, there are,
upon this fame plan of gravity and projection, fome certain
circumftances attending every conjun&ion, which are known
to contradi¢t the firft principles of mechanics: but thefe, if
infifted upon at large, would carry me out far beyond my
defign. An author I have already fpoken of, who, if I com-
prehend him, is a moft zealous aflertor of gravity and a va-
cuum, has to my great furprize reprefented this and fome
other things which have frequently engaged my attention,
in a method {o plain and unanfwerable, as to render my la-
bours unneceffary. To his book therefore I beg leave to re-
fer thofe who require any farther fatisfaétion *.  In our con-
clufions, I muft confefls, we differ very widely. The end I
have propofed in mentioning thefe things, 1s to fhew the
neceflity of a material agency in the heavens, fubordinate to

* See appendix to an enquiry on the nature of the human foul. fe&. 8.

the
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the divine power: whereas it is his defign to thew from the
fame premifes, that God himfelf is the agent immediately.
Which of thefe two is the more rational inference, I leave
to be determined by the impartial judgment of others, after
they have weighed the following reflexion — That if the
extravagances, which would arife in the planetary motions
from attraction and projection, are any way to be corrected
and regulated, it muft be done either phyfically, by the in-
ftrumentality of fome material agent properly adapted; or
Supernaturally, by fome immediate influence of divine power.
If pbyfically, then the motions which are correffed by a phy-
fical agent, may as well be caufed in the fame manner. If
Jupernaturally, that will give every pretender to philofophy
a liberty of propofing what powers he pleafes, and all of
them equally good, if they are to be mended at every turn
by a miracle. Indeed, it will be no better than a jeft, to
propofe any powers at all; and Sir Jfaac’s firft /aw which
is called a law of narure, and from which he hath at-
tempted to deduce fo many things in a natural way, will
have neither meaning nor ufe in philofophy, if this author’s
doétrine be admitted. A miraculous interpofition therefore
is never to be confounded with the eftablithed order of na-
tural things, if we would underftand what nature is, or
what a miracle is. Such a method of philofophizing will
give a {fancion to every ridiculous hypothefis, that doth not
quite come up to an impoflibility : and T can {ee no goed
reafon, why the worzices of Des-Cartes may not claim the
benefit of a miracle to fupply their defects, as well as this
more modern, but equally fictitious, compofition of censral
forces. Upon what principle was it that Sir J/aac Newton
faid — ¢ Hypothefis vorticum multis premitur difficultati-

“bus ?’ certainly not upon the principle of this author ; for
F= at



116 ATTRACTION A GRANTI W

at that rate, there can be no fuch thing as a dificulty. The
fame omnipotent hand, which is fuppofed to fave a planet
from ruin, by driving it farther from, or drawing it nearer
to the centre, as occafion requires, may as eafily conduct a
comet thro’ the whirling wvortices of Des-Cartes, or even the
folid chryftalline orbs of Ariffotle. This is the common re-
fuge of men who have nothing elfe to fay ; and it was the
excufe advanced by Prlemy, in behalf of his perplexed
{cheme of excentrics and epicycles — No man was to call in
queftion the truth of his aflronomical theories, becaufe the
immortal Gods could eafily find a remedy for every difh-
culty ; could remove all impediments, and make a way in
the heavens for the motion of every orb, though their courfes
might feem to be inconfiflent with one another *. When
the philofopher aflures us, power is a divine attribute, we
can readily believe him : but if he is above fearching after
what the divine wi/dom hath thought proper to eftablifh in
the world, and takes refuge under the abftrat notion of an
unlimited power, before there is a neceflity for it, and even
while experience is againft him, he betrays the infufficiency
of his own fpeculations ; and muft convince mankind, either
that the whole of nature is an ufelefs and inexplicable my{-
tery, or that he ought to fet out afrefh upon more confif-
tent principles.

* Nemo vero difficiles cenfeat has quas fupponimus circulorum implicationes &c., Kepler.
epit. aftron. p. 502.

END orfr THE SECOND _BDOK.



(e8]

it
B Qe Ly K Ik

Of a vacuum iz the heavens, and between the
parts of bodies : with an experimental enguiry
into the phyfical caufes of cohelion and repul-
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Some pofitive proofs, that a medium, different from the rays
of light, is prefent in the heavens ; with an anfwer to a
Common aéje&faﬂ fram /Ei?ﬁa experinients with the baro-
meter. _

THE beft-reputed argument hitherto made ufe of to
prove a vacuum, has been derived from a fuppofed
ﬂff&ﬁ;y for it, that the bodies in the heavens may
be unrefifled in their motions. But we have been taught by
fome undeniable examples, that motion may continue un-
refifted in a refifting medium, if that medium be the caufe
of the motion: fo that the whole do&rine of refiftance is of
no ufe, unlefs the queftion be firft granted, that the motion
of the planets is not owing to any mazerial caufe; that is,
unlefs the very thing, which ought to be proved, be taken
for

-
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for granted. If the matter of the heavens is not employed
as a phyfical caufe, then indeed it will be an obftru&ion,
and ferve only to interrupt and retard motion. If the
air behind the fails of a thip were not inftrumental in dri-
ving the fhip forward ; the air defore the fails would ferve
only to ftop the courfe of it.  If a motion were communi-
cated by the hand to the lamp-machine defcribed in the for-
mer part of this treatife ¥, and it were made to turn upon its
centre when the lights are extin@ ; the air which furrounds
the vanes would refift their progrefs, and the machine would
not make near {fo many revolutions as if it had been inclu-
ded in a vacuum. But if the lights are burning, the cafe
will be entirely altered, and the air will now conferve that
motion, which a while ago it deftroyed. This diftinQion of
cafes is ever to be remembered in all our phyfical reafon-
ings: the moft ingenious and able philofophers, by not at-
tending to it, have fallen into palpable miftakes; and it is
oreatly to be lamented, that the fa& here mentioned has
found no placein the received philofophy, though it calls
itfelf experimental : nay the impoflibility of fuch a thing
has been formally demonftrated in a geometrical way..~

A vacuum therefore is no zeceffary principle. We fhould
rather mnclude, if we are willing to be gmded by analogy
and experience, that as motion continues in: the heavens,
¢ fome a&tive medium muft be prefent for the confervation of
it. Let us enquire then, whether the exiftence of fuch a
medium in the heavens, exclufive of the rays of light, will
admit of any pofitive proof; and whether we can obviate
a material objection which hath been raifed againit it : after
which we will leave the celeftial vacuum, and examine the
nature of fome leffer vacuums.

* See page 44.

So

-
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& long as the philofophy of ﬁrgﬁarfe prevailed, pofitive
levit dlﬁ'ermg only in {pecie from gravity, was believed to

be a’ uallty of {ome natural bodies: but the members of
the Florentine academy fhewed the falfehood of it by fome
judicious experiments ; and it is now determined, that if one
body or fluid zends wpwards, it is only becaufe another of
greater denfity zends dewnward, and takes the place of it
Thus if air and water be mixt together, both of them gra-
vitate (as we commonly fpeak) toward the centre of the
earth ; but the water, having the greater denfity, will gain
the loweft place, and in {o doing, caufe the air to afcend
with a velocity proportional to their difference. What is
here faid of air and water, may be applied to fmoke and air;
the cafes being alike in all refpe@s. This reafoning, if found
to be juft in every inftance where we have an opportunity
of making the trial, muft be admitted -on all other occa-
fions of the fame nature, though we have not the like op-
portunity ; according to the known rule — Effefuum natu-
ralium ejufdem generis eedem f[unt caufe — ¢ Natural ef-
“feds of the fame kind muft be imputed to the fame
“caufes,” If this liberty of arguing from"a f{imilarity of
effeés be once denied wus, all experimental philofophy will be
in a manner ufelefs.

I muft be permitted then, in virtue of this rule, to argue
from the afcent of bodies near the earth’s furface, to the
like effect, when it happens at any diftance from us in the
heavens ; as for example, near the head of a comet; from
which an immenfe train of vapour is obferved to fly off, or
rather to 7//e upwards into the regions oppofite to the {un;
for thus we fhould exprefs ourfelves, if we were placed upon
the furface of it.

Now

"
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Now let the obfervation concerning {moke and air be
here applied ; and it will be more than probable, that fome
Hluid in the heavens, of a denfity much greater than thefe
vapours, muft be tending downwards to the {un, that they
may be carried off in a contrary direction, according to the
law above-mentioned. For the fame reafon, this fluid ought
to be prefent in all the {paces, through which the tail of a
comet is known to extend itfelf, which is fometimes to an
almoft incredible diftance : otherwife the principle of a po-
{itive levity, or {omething equally unacccruntable, muft be
admitted as a confequence An imaginary atmofphere, fur-
rounding the nucleus of the comet, will give us but little
aid ; the cafe not being paralleled (I mean with refpe to
the comet and its own atmofphere) by any thing that happens
within the atmofphere of this earth; in which {fmoke and
vapour will rife up on every fidé indifferently, as well at
noonday as at midnight ; and will go, either toward the fun,
or from it. But the tail of a comet, affer it has pafled its
perihelion, as well as éefore, is turned away from the fun;
at which time, as we fhould naturally expeé, fome more
loofe and detached particles might be left behind by the re-
{iftance of fome =therial medium, and carried toward the
fun by their gravity: the contrary to which hath always
been obferved to happen: fo that we muft impute the whole
eftect to an univerfally extended atmofphere, not of the comer
itfelf, but of the fun.

‘T'n1s phenomenon, though very diftant and inacceflible,
is neverthelefs {o clear in itfelf, and its application is {o ob-
vious, that it cannot eafily be mifunderftood. Thofe who
believe the heavens to be nothing but an immenfe vacuum,
are bound in reafon, I think, to give us fuch an account of
it, as fhall be fdtlsfa&ur}r in 1*iTLIf and confiftent with their

own
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<~ own principle. If no fuch account can be given, there will
be a neceflity for introducing fome fluid into the heavens
befide the rays of light; and when we {peak of fuch a thing,
we fhall do it with reafon, with obfervation, and I may
add with Sir Ifaac Newton alf'c:, on our fide; who feems
to have confidered this matter attentwel}’, and has granted
all we can defire of him. His words are thefe — ¢ For as
‘“in our air, the fmoke of any body that is fet on fire goes
‘“ upwards, and that perpendicularly if the body be-at reft,
“or obliquely if it be moved fideway: fo 1 the heavens,
¢« where bodies gravitate toward the fun, {moke and vapours
¢ ought to afcend from the fun, and go off to the higher
¢ regions *.”" . This whole paflage being very important, I
muft beg leave to {ubjoin a few fhort remarks upon the fe-
veral portions of it.
¢ For as in our air, the {moke of any body that is fet on
“ fire goes upwards” &c. The reafon already aﬂigned for
this need not be repeated. Should it be difputed, experiment
will make it good. For let any burning matter be placed
under a pneumatic receiver, not exhaufted of its air ; the
{moke will rife up perpendlcularly, and with a ccmﬁderable
velocity : but when the. air is exhaufted, the {moke, inftead
of rifing up as before, will either {ink dnwn like water, or
hover as an atmofphere about the ignited body. It follows
from this experiment, and many others, that a fluid which
is light and rare, cannot afcend by any innate quality of its
own ; but muft be impelled, or forced up, by another fluid
- more denfe and weighty.

~= * Etenim ut in aere noftro,*fumus corporis cujulvis petit fuperiora, idque perpendicularitee
fi corpus quiefcat, vel obliqué fi corpus moveatur in latus : ita in ceelis, ubi corpora gravitant
in folem, fumi & vapores alcendere debent a fole, & fuperiora vel retta petere.. Princp.

" p- 409.

Q_ TH1s
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Turs alcent of {moke &e. will be ¢ perpendicular if
“ the body be at reft, or oblique if-it be moved fideway." 4
Thus the flame of a candle will have a perpendicular direc-
tion if it 1s at reft; but if it is carried forward, and meets
with a refiftance from the air, the flame will then have an
oblique direction, and be more bright and better defined at
the edge where the refiftance is made, than at the other.
Aftronomers tell us, the like has been obferved in the tail of
a comet. But we are coming now to the application.

“So in the heavens, where bodies gravitate toward the
““ fun, {moke and vapours ought to afcend from the fun.”
As on the earth, to which bodies gravitate, fmoke afcends
through air, becaufe the air forces it up by gravitating mere
than the fmoke; fo in the heavens, which according to this
{fame author are empty of air and of all fenfible matter, vapours
ought to alcend from the fun. How can thefe things ftand -
together 7 Would it not be better totally to difbelieve a va-
cuwm in the heavens, than to be thus diftrefled with con-
tradi¢tions ! Sir [fzac himfelf, upon this occafion at leaft;
feems to have thought fo; therefore he adds again very ex-
prefily in another place — ¢Smoke afcends in a chimney
“by the impulfe of the air in which it floats. This air,
“ being rarefied by heat, rifes up, becaufe its {pecific gravity
““1s diminithed, and carries off’ the fmoke entangled with it.
«“ Why may not the tail of a comet afcend from the fun
“after the fame manner®?” There can be no objedtion to
this, but that the heavens will not then be empry.  Vapours
cannot afcend from the {un after the fame manner as fmoke

- E_ﬁ:enditk ﬁ;mus in camino impulfu aeris cui inpatat. Aef ille, per calorem rarefaftus,
afcendit ob diminutam fuam f{pecificam gravitatem, & fumum implicatum rapit fecum. Quidni
cauda cometm ad eundem modum afcenderit a fole! Jéid. p. 472

-
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“rifes in a chimney, if in the fpaces through which they
afcend, there be neither impulfe, nor air, nor any fenfible
matter.

Ir we agree here with Sir Jfaac NVewton, and determine
thefe cafes to be parallel, the conclufion will be unexception-
able ; that as the @/, in which {moke afcends, is no va-
cuum ; {o neither are the {paces through which vapours
afcend from a comet.

AND to go a ftep farther, the reafoning which hath been
applif:d to thefe vapours, may be applied with the fame pro-
prltt)! to the rays of the Jun ; for as the motion of both is
in the fame dire¢tion, no difference between them; in any
other refpe&, will be material. Light then muft be propa-
gated from the fun, either by an innate Jwity, in a mannet
not analogous to any thing we are acquainted with; to f{up-
pofe which is to give up the whole caufe; or by the pref-
fure of fome denfer medium going downward to the fun. It
is true, Sir Jfzac in his treatife on optics, hath reje&ed all
fuch mediums in a peremptory ftrain: but if his theory of
refiftance hath failed, we may be able to {urmount all leffer
difficulties, Indeed I know but of one that deferves to be
confidered. Upon a firft view of it, it threatens us with
fome trouble, and will put us upon an exact enquiry.

‘Fr hatli been' judged from fome experiments with the
barometer, that we are now able to calculate the height of
the air which furrounds this glebe, and to fix very nearly

upon that diftance, beyond which, if there is any matter at
ally it muoft be _par{mg‘ﬂa « &xceedlngly llttle, atrw longe te-
nuiffima < an air thin beyond ﬂxpreﬁr'mn The weight of the
atmofphere at a middle fate; is equal to 29 * inches of mer-
cury, at the furface of the fea. If we afcend to the height
of 800 feet, it will fink an inch lower ; at double that

Qi3 height,
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height, it will be lower flill; and fo on, as far as we can
copvey ourfelves tos make the trialiod Hence! ittis prefumed
there is a certain diftance above the earth’s {urface, at which
the mercury in the barometer would fall to a level with its
ciftern ; and confequently the heavens, at that diftance, muft
be empty of air, at leaft of fuch air as is attended with any
fenfible preflure upon the furface of bodies.

Frowm all that has hitherto been done upon thls fubjeﬂ‘
it does not appear that a theory can be laid down, fo as to
determine the ftations of the barometer with accuracy, when
the elevations above the furface of the earth are very great.
When they are but moderate, this method of meafuring al-
titudes is very convenient, and comes nearer to the truth
than a quadrant and a trigunnmemcal operation would do.
But, I apprehend, the higher we go, the greater will be the
error. Between Drs. Halley and Scheuchzer there is a difte-
rence of near 8oo feet in gooo. The former of thefe hav-
ing erected a theory *, finds am elevation of 5000 feet re-
quifite to reduce the baromﬂter to 24. 93 inches; while the
latter, who purfued his enquiries with great diligence, and
every imaginable advantage, upon the alps of Switzerland,
reduces the barometer to the fame ftation, with an elevation
of 4241 Englifb fect+. There are other calculations of
Mariotte and Caffini, which differ widely from each other.

Bur to come to the point. That there really is any ima-~
ginable elevation above the furface of the earth, at which
the barometer would have no altitude, and the air no
ceptible denfity, cannot be inferred from any barometrical
experiments ; all of them having been taken in that /Jwer
region, within which the air is no other than a menftruum, i

" * For a particular account of it, fee Pil/. Tranf. No. 181. p.104. -
t See Ibid. No, 406. p.577.

{aturated
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~ faturated to an high degree with heterogeneous particles of
a grofler fubftince, and more efpecially with the particles of
water., The clouds indeed, at leaft in this country, are very
rarely higher than three quarters of a mile, even in the
moft ferene weather, when the barometer is high; and
fometimes they do not exceed feven or eight hundred yards,
as I have found by obferving their altitude at different fea-
fons: but we fhall err greatly if we imagine the watry va-
pours to be carried no higher than to the path of théfe
clouds; for, mountains, above a mile in height, being co-
vered wuh _ fm, muft be within the region of vapours.
When Mr. Ray as he tells us himfelf, was crofling the high-
eft ridge of the alps in the country of the Grifons, it fnowed
very faft during his whole paflage, and ¢ the clouds {feemed
“ to be as far above his head as they do here in England *.”
At the top of the Pico Teneriffe, as Dr. Sprat has delivered
the account in his admirable Aiffory of zbe royal fociety, ‘‘a
« perfon found himfelf all wet, and perceived it to come
“from a perpetual trickling of water from the rocks above
«him.” . Another account, in the philofophical tr aw_/s:é?mm
fpf:aks of \a dew falling there, at the very fummit, fo copi-
ous as to wet the clothes of the company ; and it lafted till
fun nﬁng +. Faremius fuppofes, after all the proper deduc-
tions for refraction &c. that the top of this mountain is vi-
fible at the diftance of two degrees and an half upon the
meridian ; whence the height of it will be three Fnglifh
miles and three quarters. Whether this calculation be ex-
actly right or not, though I think the real height cannot be
very far fhort of it, certain it is, as Zarenius hath oblerved,

# * Three difcourfes. p. 104. _ st N.sgs. p-317. .

?‘a’ { g'ﬂr
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quod non witra mediam regionem acris protendatuir * — that
¢it is not extended beyond the middle region of the air.”
How much higher the watry vapours may afcend, it will be
hard to fay; but fo high thecf‘ucertamly do afcend

From a very common experiment with the air-pump,
water appears to be at all times fufpended in the element
of air. After a ftroke or two of the pump, the remaining
air within a receiver, being rendered lighter, never fails to -
let fall a cloud of vapours, Dry falt of tartar inclofed in a
olafs well ftopt, will imbibe fo much water as to make up
the largeft part of the weight of the included air: which
led Dr. Baerbaave to conjecture, that pure air, in its elaftic
ftate, dees not gravitate at all4¢ T have fometimes admit-
ted air into an exhaufted veffel,“fitted for the purpofe, firft
in a dry room with a fire in it, then upon a damp ftair-
cafe, and have found the latter to be fomething heaﬂer, by
hangmg the vefiel to the arm of a ballance.

AL thefe fa&s fhould be taken into the account, and
fome allowance be made for them in our modern atmnliwh&
rical theories. They will not prove perhaps that pure air is
abfolutely without gravity, which is what I cannot believe §
but they will prove very well what I intended to fhew, that
experiments made within the lower regions of the air, are’
by no means conclufive when applied to the higher, into’
which no barometer will ever be tranfported, unlefs Dr.
Wilkins’s {cheme for flying up to the moon fhall herea{:ter
be put in execution.

To this admixture of vapours, might poffibly be owing
thofe unexpeéted irregularities in the' barometer, which al~
molt threw the induftrious Scheuchzer into defpair. During

» * Geograph. lib. 1. cap. g & 10, _
T See his method of chemiytry by Dr. Shaw. vol. I. p. 400. and +lg
his

Lt
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his peregrination upon the alps, the mercurial column was
fometimes Asgher upon thofe mountains, than it was obferved
to ftand on the fame day, and with the fame temperature,
at Zurich; which is directly oppofite to the received rule *,
He imputes this to the greater purity and elafficity of the air
in the alpine regions. Thele irregularities however drew
from him the: following confeflion, for which he is much to
- be honoured — < I pretend not to lay down the truth, as
¢«if it were fully cleared of every doubt; for after all my
“ enquiries, it feems to be ftill concealed under a cloud §:”
and indeed fo it is; if, by the zruth, we underftand that
theory of the atmofphere, which terminates in a vacuwmn.
-ssBum after all, one pofitive proof with regard to the
higher regions, would be worth all that can be faid in an-
{wer to experiments on account of their not having been
aétually taken within them. Such a proof is to be met with,
fo plain and ftriking, that I may venture to reft th!s whole
affair upon the firength of it.

.. AccorpiNG to the prefent ftate of experimental philofo-
phy, air is allowed to be the vehicle of found : and whe-
ther it be the proper pabulum of fire or not, it is, generally
{peaking, n&ceifary to the kmdﬁi?ig of fire, and to the pre-
fervation of it.  When the receiver of an air-pump is well
exhaufted, a fmall bell cannot be heard to tranfinit any of
its found, if it be prevented, (as it eafily may) from com-
municating; its tremors to the external air, through the {olid
matter of the machine. Guopowder will not take fire in
fuch a fpace; and a candle will expire, before half the air
<an be extracted. Thele thmgs being premifed, I' proceed

to my narr ative.

# * Itinera Alpina. p.15. Itin. fecund, <t In diver/firis Ragazienfi &c. —
7 T Imo nec p‘r—ntmdu veritatem omnibus dubiis plené liberatam adhuc dum filtere, que operta

nubium involucris mihi iph videtur. Jbid. p. 9:
| In
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“ 1w the year 1719, a mezeor, very far exceeding the moon
in luftre, and nearly as large in appearance, was feen over
all the parts of Great Britain, Ireland, and Hbolland, the
nearer parts of Gzrmgﬂj-, Fram‘e and Spmﬂ, at one and the
fame inftant of time. Its apparent altitudes were acciden-
tally obferved by fkilful perfons at London, Oxford, and W or-
ceffer, and near enough to the truth, by the affiftance of the
{tars. The horizontal diftances of thefe places being known,
together with the femidiameter of the earth, and the diffe-
rent angles under which the pheenomenon appeared to dif-
tant {pectators at the fame time, its abfolute height above
the earth’s furface may thence be found to a degree of cer-
tainty, which will not be dlfputed by thofe whn are ‘dc-
quainted with the rules of trigonometry. From thefe data,
it appears to have been about 7o ftatute miles high.  Owver
Devonfbire, Cornwall, -and the neighbouring counties, an
explofron was heard, equal to a report from 'a broadfide of
the heavieft cannon at fome diftance, which was foon' fol-
lowed by a rattling noife, as if many {mall arms had been
- promifcuoufly difcharged. This found was attended with
an uncommon tremor of the air, and every where in thofe
counties very fenfibly thook the glafs windows and. doors of
the houfes, and even the houfes themfelves, beynnd the ufual
effects of cannon when fired near at hand. |
THE account of this meteor was drawn up:at:?large by
Dr. Halley, from the intelligence received upon the occafion
by the rgyal fociety *. The conclufion from the ‘whole is
plain enough : therefore inftead of making any remarks of
my own upon it, I fhall add the more weighty and inge-

* Phil, Tranfafl. No. 360. p'. 978. This account is preceded by feveral others, ]l:.ilding to
the fame conclufion, in the 2d vol. of Mr. Muru's continuvation of Lexwtherp’s abridgment
p. 138. i
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~" nuous reflexion of the celebrated author himfelf — ¢ what
““may be faid to the propagation of found through a me-
““dium, according to the received theory of the air, above
‘¢ 300,000 times rarer than what we breathe, and next to a
“vacuum, I muft confefs, I know not.”,

>

sGrH: A lPzond E

Some. pofitive proefs, that a medium, endued with very great
~ force, is prefent between the interflices of groffer bodies,
and in other [paces ufually called vacuums,

E avinc then the celeftial vacuum-to be proved by

fome future arguments, more unexceptionable than

any hitherto advanced ; we muft defcend to examine the

ftate of fome leffer vacuums; whether made by the help of

‘art and machinery, or left by nature itfelf in the interfticial

vacuities of folid or fluid bodies. That none of thefe can

with any philofophical ftrictnefs be termed wvacwwms, though

we are fometimes obliged, for the fake of diftinétion, to call

them fuch in common difcourfe, will bc clear from the fol-
lowing confiderations,

Surrose a receiver (plate III. fig. 1.) to be placed upon
an air-pump, and well evacuated. Into the plate at the top
of it, a cylinder of wood or metal is inferted, and made to
communicate with an eleérical machine in motion. If the
room be dark, a ftream of fire will be feen to iflue from the

R lower
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lower end of the ele@riled cylinder, and go ftrait down to
the plate at the bottom. But if any perfon applies his fin-
ger to the fide of the glafs, as in fig. 11, the ftream will
receive a hew direction, and be bent to that part of the glafs
to which the finger is applied. The better the receiver is clear-
ed of its air, the better this effe&t will be found to an-
{fwer. -

In the opinion of fome {peators, prepofleflfed with the
notion of gualities, this might pafs for a good proof, that
the finger attral?s the fire. Neverthelefs, that fome fubtil
medium, though invifible, is prefent to divert the courfe of
the fire, may thus be proved. It may be previoufly learnt
from {fome other experiments, that the ele@rical fluid is a&t-
ed upon according to mechanical laws. Thus, for example,
the refiftance of the air being much greater upon the fphe-
rical furface of a large cannon bullet, than upon the point
of an iron rod ; the fire will be confined within the bullet,
while it efcapes with eafe from the point of the rod. Where
the refiftance of the air is removed from one part of a body
while it acts upon another, the ele@rical fiream will go off
at that part, from which the refiftance is removed, without
any regard to the figure of the body. In fhort, it is found
from thefe plain and intelligible cafes, that this fluid s as
it happens to be aéfed upon, and is impelled to that fide,
where it meets with the leaft degree of preflure. As the
medium within the pores of folid bodies, is known te refift
it lefs than any other we are acquainted with, for this rea-
{on it is driven toward the finger. But then if there be no
medium within the glafs, the ftream will be equally affected
on every fide ; or, which is the fame thing, not prefled at
all on any fide, and ought to go direétly down to the plate,
as before in fig. 1; for an abfolute vacuum, which is #o-

thing,
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thing, cannot be able to impel and divert the courfe of it.
If it is drawn to the finger by an unmechanical attradive
quality ; then I am to conclude, againft all reafon, that this
fluid is unlike to itfelf ; mechanical on fome occafions, and
unmechanical on others. But we are under no neceflity of
falling into fuch a contradiction. An agent capable of act-
ing upon it by a mechanical impulfe or preflure, is prefent
within the receiver; and if the reader is not convinced of
this, by what I hav: already faid (as I can hardly expect he
will, if thefe things are new to him) what 1 am going to
add will give fome farther fatisfacion.

Ir the eleétrical mther be elaffic, as it is generally ima-
gined to be, how can it pa{'s in an unint:rrupted column
through an exhaufted receiver, as it does in fig. 1? A co-
Jumn of air, moved fwiftly thro’ the orifice of a {mall pipe,
will go forward a confiderable way, if it moves through
other air which is a counterballance to it on every fide : but
if fuch a column of air enters a vacuum, what we call its
elafticity occafions it to be diflipated in a moment, and
equably diffufed throughout the whole exhaufted fpace. As
the like does not happen to the electric fire, it is either not
elaftic, which cannot be fuppofed, or the ftream is counter-
ballanced on every fide by a medium of its own kind, which
prevents its diffipation. When it enters a medium rarer
(that is, of more {ubtil parts) than itfelf, as within the pores
of clofe and denfe bodies, it is then equably diffufed, like
the column of air when it enters the exhaufted receiver.
When it meets with a medium denfer than itfelf, as within
the more open pores of glafs, amber, rofin &ec. it will not
enter without fome violence ; as air is with difficulty forced
into and confined under water From thefe few and obvi-
ous pnnmples, naturally fuggefted by a fimilarity of circum-

R 2 {tances
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* ftances in the air, a fluid more intelligible than the fubtil
ether with which we have had but a fhort acquaintance,
the moft dithcult appearances in eleétricity may be accounted
for.

Tue prefence of a medium within an exhaufted receiver
doth alfo follow, becaufe there is no fpace, how perfectly
foever it may be evacuated of common air, wherein fire will
not rife ‘perpendicularly upwards from a red heot iron, and
heat a receiver at the top more than at the fides, though
they are neareft to the fire. The fumes of gunpowder will
be carried up together with the fire, and in the dark will
exhibit a beautiful appearance, verymuch refembling  that
of an aurora borealis, 1 made this experiment with the mer-
curial gauge at 29 inches; and it would fucceed, as we
have no reafon to doubt, could it be brought to the full height
of a good barometer. From this forcible afcent of the fire
and fumes, there muit be other matter in what we call the
empty {pace, by the preflure of which the fire is driven up-
ward. Thus we argue in all' parallel cafes; and if this be
excepted, we muft have recourfe to an #nnate levity, which
has long been exploded, and juftly enough *. Dr. Halley in~
deed does allow of a zendency contrary to gravity, and an
innate levity ; but I apprehend we are to take thefe fnr no-
thing more than unwary expreflions.

THE {pace at the top of a barometrical tube, if the mer-
cury be pure, and the glafs clean and dry, is'a much better
vacuum than that of a pneumatic receiver. But the more
effeGually it is cleared of air, the better opportunity we have
of thewing it to be filled with other matter, For let the
tube be inclined a little from the perpendicular, till the
mercury reaches to the crown of it; then if it be fuddenly
reftored to its firft pofition, and the room be well darkened,

» : or
s * See page 119 &c. 3
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“or the experiment performed in the night, a pale light will
be feen to occupy the fpace, as faft as it is deferted by the
mercury ; and this light will return, as it were by flathes,
fo long as the mercury continues to vibrate in the tube.

I't was the fafhion, fome years ago, to give this barome-
trical light the name of a mercurial phofphorus ; as if it were
an anomalous produdtion from the mercury: whereas this
light and the ele@rical xther, asfome farther enquiries have
taught us, are one and the fame fluid ; and the mercury is
not neceflary to the effeét. If the glafs of the tube be very
thin, let the top of it be made to touch the conduétor of an
ele@trical machine, and the light will give the fame appear-
ance “as if the ‘tube had been agitated. After this, empty
the tube of its mercury, and add fome contrivancc for ex-
‘haufting it by the air-pump ; then let it be applied to the
conductor as before, and ftill you will have the fame appear-
ance of light.

WuenN a bafon of mercury is agitated iz vacwo, large
flathes of light will feem to be refle¢ted from the furface of
it. The mercury does not creare this light, but only res-
ders wifible a fluid already prefent in the exhaufted {pace.
‘For the matter of light may, and atually does, exift, where
the fenfe of fecing will give us no information of it. A piece
of folid phofphorus, immerfed in a phial of water, is in all
appearance as cold and epaque as a lump of hard wax : but
as foon as it is taken out and expofed to the air, it fmokes
and fhines, and if excited by a fmart fri¢tion will inftantly
break out into an acual ﬂame This {fubftance feems to be
a mere creature of the fire, like fixt alcaline falts and ma-
ny other producions of chemiftry; and in its preparation
abforbs a large portion of that element into its pores; whence
Lemeryy with great propriety, calls it a _fire-/ponge. So long

as
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as it remains under water, the imprifoned fire is kept in a
quiefcent and invifible ftate; but if that preflure be re-
moved, it breaks out in a ftream, flying oft as fire does
from any other fort of fuel. It efcapes more eafily under an
exhaufted receiver, than under the prefiure of the atmo-
{fphere ; for the fame reafon that a veffel of hot water will
grow cold, and part with its fire much {ooner under the like
cucumﬂances and the ele@rical phial, inftead of being
charged, will s back its fire, as faft as it is infufed.

Burt the nature of that fubtil medium, which remains
in every {pace from which the groffer air is exhaufted, may
be farther underftood, by enquiring into the force and con-
dition of it within the wuterflicial vacuities of fluid or folid
bodies. And as I fhall take the liberty to {peak of ele&ric
and elementary fire, as if both were but one and the fame
thing, I muft interrupt a little the order of my diﬁ:ﬂurfe,
by inferting my reafons for {fo doing; becaufe {ome ingeni-
ous men fufpedt them to be dlﬁ'erent, and have attempted
to render it probable by experiment, though their reafoning
is not fo ftri¢t as to deferve any particular examination.

We call that elesmentary fire, which lights a candle, .
kmdles {pirits, and fires gunpowder The eleérical @ther
will do all thefe ; and if it be different from elementary fire,
then we have zwa material caufes in nature, intended to pro-
duce the fame effects, when either of thefe alone would
have been fufficient. And again; 2dly, if the ele@rical fire
will have the eflets of the elementary, it is equally true,
that the elementary will have the effe@s of the elerical.
The rays of the fun will put amber and rofin into an at-
tracting and repelling ftate: the folar fluid being put into
motion within the pores of thefe bodies, produces the {fame
effects with the electrical ; and in {ome partlcular {ubftances

a culi-

-
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a culinary fire will do the like; though neither of them in
any very confiderable degree. 3. The light emitted by the
attrition of a glafs globe, and more efpecially the fpark of
the ele@ric explofion, may be divided, by viewing it through
a prifm, into the feven primordial colours, like the element
that flows from the fun, or the light emitted by a common
fire; and the fireams of this matter, within an exhaufted
globe of glafs, affume all the colours of the rainbow; of
which pheenomenon, fome experiments mentioned in the
npncs of Sir Ifaac Newton, would afford a good folution.
. When the {olar light paﬁ'es through a leaf of gold, held
up between the eye and a window, only the green-making
rays are tranfmitted; and it is remarkable, that the ele@rical
fpark, which iffues from a body covered with leaf gold, is
of the fame colour, though fomething more dilute. Upon
the whole, if thefe fluids, which thus mutually and in all re-
fipeﬂs affume each others offices and properties, are not the
ame; experiment is a thing not to be depended upon, and
the moft obvious rules of philofophizing, adopted and ap-
proved by all parties, are no better than fpecious dec:t:ptmns
That the ele@rical fluid is the fame with that which is fent
from the fun in the form of /igh#, and gives Aeat to the at-
mofphere, is ftill farther evident from the production of
lightning. After a ferene day in the fummer, when the air
has been exceedingly heated, and the thermometer has arifen
fuddenly to an unufual height, we are generally fure to be
vifited with thunder and ]ightning in which cafe, the mat-
ter difcharged from the air in the form of hghtnmg, is un-
doubtedly the fame with the matter that was accumulated,
and from which the excefs of beaz proceeded. But the mat-
ter of lightning, and that in the eleéiric explofion, are now
allowed on all hands to be the fame. I have had the op-
portunity
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portunity many times of obferving this to be the confe-
quence, when Fabrenbeits thermometer has mounted {fome
degrees above 76 : and it is a thing commonly known, that
a courfe of hot weather in the fummer terminates with a
thunder ftorm; after which the air returns to a more mild
and temperate ftate. | -

Tue elementary, folar, and eleérical fire then, as we have
every poflible reafon to conclude, are but one fubftance act-
ing in feveral capacities. This matter, being lodged within
the pores of all bodies, water and ice not excepted, will leave
no room for a vacuum. The denfelt of metals are pene-
trated by it with more eafe than the air itfelf. The farther
end of a column, of any imaginable length, will be affect-
ed by the fame touch that gives motion to the nearer, and
in the fame moment of time, The fame quantity of it that
is received into a body, will come forth from it again pre-
cifely ; and where none can be driven off, none will be ad-
mitted ; for.if the Leyden phial be fet on a plate of .thick
glafs, fo that the external current from the coating is ftopt,
it cannot be charged: and for the fame reafon, if when
charged, it be fet on glafs, pitch, rofin, or any other elec-
tric, it will retain its charge the longer and explode with
the greater force ™,

Tuese things being confidered, the element of fire ap-
pears to have fuch a continuity of parts, and fuch a d

of force in its motions, as would not have been believed
-

* A young man, who ferved me a year or two as an aflilfant, and paid no regard to the
fhock in the common way, was refolved to try in private how this would an{wer; and unex-
pecledly received fuch a flroke, from a phial capable of holding not more than fix ounces of -
water, as laid him vpon the floor, and he was not perfeétly recovered of it in a month. Since
this accident, being myfelf of a weaker frame, 1 have never dared to enquire too nicely into
that matter. The fame perfon was once flruck down in the field by a flath of lightning,_
which finged his coat, and the fymptoms occafioned by thefe two accidents, as he obferved’
himftlf, agreed in all refpeits,

without
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~ without fome fenfible and immediate demonftrations of it.
Yet the fame may be proved, without any help from the
late difcoveries in ele@ricity. It is the fame fluid that in-
creafes the bulk of bodies when they are heated, by entring
forcibly into their pores and driving their conftituent particles
farther afunder. The cohefion of braf§ and iron is too weak to
refift the force of it ; and unhappily for the philofophic world,
a very imall alteration of this kind is eafily perceived in the rod
of a pendulum. In boiling water, near one zhirtieth part of its
whole bulk, if we reckon only from the point of freezing,
which carries us but a little way *, is occupied by fire; for
to that degree its {pecific gravity is diminifhed, and confe-
quently its bulk is increafed to the fame degree. Air, under
the like circumftances, is increafed by one zhird of its bulk.
Now if a quantity of water, with a boiling heat, be fup-
pofed to occupy 30 cubic inches; when it is reduced to the
loweft degree of heat, with which it retains its fluidity, it
will occupy but little more than 29. Thus its dimenfions
will be different under all the various degrees of heat; and
as the degrees of heat are always in a fluGuating fate, this
liquid, in common with air and all bodies whatfaever, will
undergo a perpetual ofcillation.

A queftion naturally arifes, how water, feeing its dimen-
fions are thus alternately extended and contraéted, comes to
be incompreffible 2 Such the philofophers of the Florentine
academy determined it to be, by bruifing and battering
with an hammer an hollow fphere of metal, filled with wa-
ter and -exactly clofed ; for the water, inftead of being dri-
ven into a {maller compafs by this external violence, was

‘* Sir Haag Newvion eftimates, that water has above 40 times more pores than paris. Sce Opt.
b. 2. p. 3. prop. 8.

-
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feen to fweat like drops of dew thro’ the pores even of gold
itfelf . 8o long as the water remains fluid, ‘its parts cannot
be in contaé ; becauﬂ, if fome of the fire Ig_e Jyl drawn,
they will {foon e reduced to a lefler bulk {fome force being
externally applied upon this occafion by nature itfelf, with
which I hope the reader will be a little better acquaint=
ed before I have concluded this treatife. If more fire were
introduced, by heating the water thus inclofed, it would ei~
ther come forth through the pores of the metal, or burft it
all in pieces. Now as the water itfelf is pafive, and may
occafionally be comprehended under greater or imaller di-
menfions, it can be no other than the ggenz within its wa-
cuities that refifts the compreffing force; and its refiftance
_ is {o great, that no power of art or violence of machinery is
able to overcome it; though nature itfelf hath a way of
overcoming it in a moment

As fome doubt may yet remain, whether it be the Element
of fire that fupplies the interfperfed vacuum (tho’ in a tranf~
parent veffel of boiling water, it may be {feen to enter through
its bottom in bubbles) or whether it be fome immaterial 7e-
pulfve force; 1 will try to explain myfelf a little farther
upon this head and add an expcnment or two, which i am
encouraged to thE may decide it.

I'r thefe {paces then are equably filled with mazter af any
kind, - the quantity of this matter will be greater, where the
denﬁty of the body containing it is lefler; and wvice ver/d.
If we can prove it to be univerfally greater and lefler as the
rule requires, the conclufion will be undeniable, whether
we are able or not to fix the exa& proportion of it in every

+ The Abbé Nollet has a much more commodious way of performing this, mentioned in the
1t vol. of his k&ures.

Partlcularﬁ

-
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it particular inftance, which perhaps is impoflible. If the rule
can be obferved to hold good generally and in grofs, it is the
utmoft we can expe@ or defire.

Warer and mercury then are fluids of very different
denfities : and the water, according to the rule abovemen-
tioned, having the lefler denfity, and of mnfequence the
greater number of pores, muft receive a larger quantity of
fire into them, than the mercury will receive into the pores
of that, fuppofing them both to have equal bulks and equal
degrees of heat. Let water and mercury therefore be taken
n equal bulks: let the mercury be hot, obferving the de-

of its heat by a thermometer, and the water cold ob-
ferving alfo the degree of that. Mix them fuddenly ; and
having ftirred them a little, {o as to render the dlﬁrlbunun
of the heat equable throughout both the fluids; obferve
carefuily the temperature of the whole by a fhiiimombtedt: |
Then invert the experiment in all points: let the water have
the ﬁme degree of heat that was in the former cafe given to
the memury ; -and the mercury have the degree of coldnefs
before given to the water : mix them again; and the heat
diftributed through them both, will be much greater now the
water bas the beat given to ity than when the mercury had it.
‘The latter of thefe, being the denfer, and having the ftraighter
pores, will take a fmaller quantity of fire to give it an equal
degree of heat: for if heat be nothing but the effeé? of fpre
#n wmorion, and the degree of the heat be as the motion and
denfity ofsthe fire taken together, certainly it will move
with ‘the greater violence and be more comprefled within
the narrow paffages of the mercury than in the wider ones
of the water, from whence the whole effe is fo eafily de-
duced, that it needs no farther explanation. The ti'ung will
be fﬂun.d to anfwer in the fame manner, but in a different
S 2 degree,
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degree, with fpirit of wine and vinegar, or any other li-
quors, provided their denfities are fo different, as to render
the temperature of the mixtures fenfibly different upon a
thermometer.

A vy this doth neceffarily imply a zrausfufion of fome
matter or element from one of the bodies into the other. But
upon.the fuppofition, that their particles are expanded by
an innate repulfe, or any unfubflantial quality, thefe effes.
are altogether inexplicable and contradiétory: for how can
a quality be poured, like a liquor, from one veflel into an-
other ; or move, like a river, with different degrees of force
through channels of different breadths, as the fire plainly
does ? |
Hence alfo the heat of folids and fluids cannot confift
in the vibratory motion of their own proper particles, sbut
. in the adtion and force of the fluid within their pores: it
being againft the laws of mechanics, that the particles of
water which are fourteen times lefs in number and weight;
fhould communicate more motion to z¢rcury, than the par-
ticles of an equal bulk of mercury will communicate to
water. | 0

Tuere is indeed a difhiculty, which fome may look: up-
on as a dire&t contradiction to what I have here advanced.
For as a denfer fluid receives into it a {maller quantity of
fire to give it an equal degree of heat, how does it happen,
~that when an iron is red hot, a denfer fluid will deprive it
of its fire, and cool it more and fooner than a rarer? This is
indeed oppofite to the rule already confirmed by experi-
ment : yet it is afferted by Dr. Boerbaave in his chemiftry ;
and I know it is a thing generally taken for granted, be-
caufe it is fo agreeable to fome opinions vulgarly entertained
concerning fire and heat. I thought I could have depended

upon

lr-’-
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upon the warinefs and caution, with which that great man
uiually proceeded in all his enquiries, for the truth of this;
and was endeavouring to reconcile it: but finding that te:
be impoflible, I dlfputcd the truth of the fa@, and refolved
‘to make the experiment ; which accordingly I did, and it
-fully anfwered my expectation, I took about five pﬂunds of
mercury, the whole of ‘my ftock at that time, and having
poured it into a crucible, obferved the temperature of it by
a ‘thermometer of Fabrenbeit’s {cale, and perceived it to
be = — - — — — —  56°
A {mall cylinder of iron was laid in the fire for
10 minutes, till it was red hot; and after it had
been quenched in the crucible, the mercury raifed
the thermometer to — — —_ — 69",

Therefore the increafe of heat in the mercury was — 13°

Then I poured an equal bulk of water into the
fame crucible, and found the heat of it to be — 357°.

The iron was laid in the fire as before for 10 mi-
nutes, and being throughly quenched, the warer
raifed the thermometer to -~ — — 63"

- Increafe of heat in the water e 7 i | i s YO

At a fecond trial, in which the iron had a glowing
heat, the numbers came out, in the mercury, 18°%
in the water g°.

At a third, when the iron had the beft heat I could

give it, the numbers were 20 ; and 11 %

Pt repeated the fame with a much larger cylinder of iron
with a glowing heat; and having quenched it, till it had
done
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done hiffing, in the warer, the heat of which was g3°; the 3
thermometer was raifed to 150°. The mercury had a tempe- |
rature of 57°; but when the fame iron, heated as before, had
been quenched in that, the thermometer was raifed beyond
the heat of boiling warer, that is beyond 214°, and by the
fwiftnefs with which it moved, I Judged it would have gone
much beyond the compafs uf my inftrument; therefore I
could not determine the exa& degree of heat in this cafe,
without making a thermometer on purpofe, which was not
worth while. From the common refult of all the other" ex-
periments, the-fame cylinder of iron, having equal degrees
of heat, communicates zwice as much heat to mercury, as
to an equal bulk of water; {fo that the thermometer in this
laft trial would probaby have arifen beyond 240° Who would
have believed that fre {hould have an effe& equalto 14,
where it ought, according to the common eftimation, and
the Aypothefis of a vacuum, to have an effe& equal only to
1?* And that iron, when quenched in fo denfe a fluid: as
mercury, {hould remain {o many degrees Aotzer, than when
it is quenched in water?

A

% The fpec:ﬁc gravity of mercury being about 14 times greater than that of water, the
quantity of matter in a given fpace, will be greater in the {ame proportion, Now if there be an
r:.r:a.'rjj:w/é/ﬂ' wvacuum in thefe fluids; and if fire l:n: nothing more thin a certain vibratory motion
communicated to their particles ; then equal deprees of heat in any 1gmted body, (as here in
the cylinder of irom,) ought, by the laws of mechanics, to communicate Yg times as much mo-
zion to a cubic inch of water, as to a cubic incn of mercary ; whereas it doth really commauni-
cate only balf fo muck to the lighter of thefe, as it doth to the heav:.tr "Therefore the fuperio-

rity is on the wrong fide, and in the ratio of 28 to 1, or 14 to X, But all this i ‘patural

enough, if fire is a fluid ger &, filling the interfperfed vacuities ﬂf other matter, and r'-m'ink a
greater degree of heat, when it operates in a more confined fpace.

- Water and mercury, being fluids by nature fimple, infipid, and uninflammable, are,~of all
others in the world, the fitteft for this experiment. If the fame trial were made on oils, fpirits,
and other chemical liquors, which are inflammable, and impregnated with a fpiritusur fire,
more eafy to be agitated ; many curious and unexpeéted varieties in the effeft might occur,
concerning which, it may be unfafe to affirm any thing without due examination,

o

THUS
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“Trus we are at length arrived to a conclufion, naturally
fuggefted, and firmly enough eftablithed, by a variety of
facts ; that the heavens are not empty even of the element
of air; the contrary at leaft hath never yet been proved, cither
from the do&rine of refiftance, the finking of a barometer,
or any other method; and when the air is withdrawn or ex-
cluded, it leaves no wacuusm behind it, but only refigns its
place to a medium of much greater power, whofe extenfive,
and I may fay, univerfal agency, will afford us a moft fub-
lime‘and intelligible proof of the divine wif{dom ; and at the
fame time open to the curious a boundlefs Ficld forcnters
taining and ufeful {peculations,

- Ir this be true, are not thofe phyfical authors among the
moderns, who have rejeced, with a fovereign contempt, all
{fubtil mediums, as things fictitious, imaginary, and not worth
{fearching after, hereby deprived of their greateft fubterfuge ?
Bodies, they fay, are obferved to adhere, to fly from, and
approach - one ‘another in the void fpace of an air-pump;
and as thefe effects cannot be imputed to the air, they are
not to be imputed (as they have too haftily concluded) to

other mechanical agency 3 but to certain inexplicable
virtues, which they call mﬁg’f&rz and repulfion. Thefe are
the principles we are now, in the laft place, to examine.

G s
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*CHHY AP 1T
Of the phyfical caufe of cohefion.

NsTEeAD of fetting out here with recounting all the mi-

nute pheenomena of capillary tubes, {ponges, drops of
quickfilver &c. &c. which have all been enlifted as fo many
undeniable proofs of an attraction of cobefion; though Sir
Ifaac NVewton himfelf, more modeft with all his knowlege,
than fome who have retailed his doétrines to wus, propofes
none of thefe with any thing more than a fufpicion or a

conjeture concerning them ; and fome of them, as I could

eafily thew, have not been fau'ly reported or fufhciently in-
{pected ; 1 cleﬁrf: it may be confidered — all the evidence of
this fort is zegative; and owes its whole worth to an arbi-
trary {fuppofition, that the air is the e/ mechanical agent
in nature; and that'merely through the want of another,
we muft have recourfe to immaterial qualities, exerted by
the partlcles of the bodies themielves ; there being #notbing
elfe*, to which thefe eftects can be afcribed.

To all this, I oppofe the following pofitive matter of fa&
worth an hundred little critical experiments, concerning
which much may be faid on both fides, while very little 1s
underftood on either. It is this — Nature is provided with

the element of fire, a material agent of fuflicient force and .

fubtilty to overcome and undo the ftrongeft effeés vulgarly
afcribed to cohefion. And as the defign of our infinitely-
wife and bountiful creator in appointing a material agency,

* See Mr. Rowaing’s account of the capillary tube in the preface to his fyftem of philofophy.
was
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was to build up rather than to deftroy, to promote and preferve
an orderly difpofition in bodies, at leaft as much or more than
to caufe their diffolution ; it is evident to reafon, the fame
agent, acting with fome diﬁ’erence of condition and circum-
ftances, muft be {ufficient to do ozh. The air when ftirred
into a tempeft will tear an oak up by the roots; but was
this the fole end of its creation ? Does not the fame air
aflift the oak and all other trees in their growth? and does
it not nourifh and preferve many more than it deftroys?

Fire, another element, hath in like manner its different
offices ; and we may hope to gain fome light into its more
{ecret operations, if we argue by analogy from one of thefe
to the other. That fire is the great catholic diffolvent of na-
ture, the chymifts have all been ready enough to confefs:
that it can wzite as well as feparate, ought not to be doubt-
ed; though it is what few will believe, unlefs they are pof-
fefled of patience and perfeverance ennugh to go through a
clofe enquiry. However, this matter is not fo very difficult
as they may apprehend.

Let us confider this agent a whlle in thc firft and beft
known of its capacities,» I mean as a diffolvent. The par-
ticles of mercury, from the fphericity of its drops, fhould
{eem to be endued with a ftrong attraction: yet thefe par-
ticles will ceafe to have any cohefion, and be feparated into
fumes by a degree of heat but little exceeding that of boil-

ing water. The particles of water are alfo fmd to be endued
with the like virtue: yet the agency of fire will very foon
relax their cohefion, as appears by a fenfible diminution of
their fpecific gravity. The fame fire acting with a flill greater
degree of force, will at length- totally diflolve their union,
and raife them aloft in fteam or vapour. The nrd:nary
heat of the fun has a like effe& on the waters of the ocean.

T All
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All other fubftances, as well folid as fluid, are fubje& to a
{eparation of their parts by the entrance of ﬁre the hardeft
of metals, how clofely foever their parts may be connected,
are eafily dlﬁolved and rendered fluid by the heat of a fur-

nace,
Gﬂ?zfm‘}afaﬂﬂrm rigor auyi ﬁfwzmr -:Eﬂ#.

If nature then is provided by its author with an element
of {fuch power and adtivity, as enables it to overcome the
ftrongeft cohefions; it cannot be deftitute of an agent pow-
erful enough to caa/@: them : if it can do the greater, it
muft certainly be able to do the lefler. And without much
difputing, do we not find it to be thus in fa& ¥ For the
xther, acting below a certain degree, will confolidate the
particles of water into ice: if it a@s above that degree, it
keeps the water fluid : if to an higher degree it renders it
more fluid : if to an higher ftill, a total feparatmn of the
parts will enfue. But if thele parts mount up into the head
of an alembic, where the ac&tion of the fire is different, they
are united again into a well conne¢ted body. Thefe effe@s
bemg anfwerable in every inftance to the aéhvlty and condi-
tion of a material agent, what neceflity is there for calling
in the affiftance of an unmechanical azfraétion? the work
wmay certainly be done without it*; and I am verily per-
fuaded, fuch a principle would never have been ferioufly de-
fended, if the agency of fire had been fearched into as it
deferves. If I can fee the effets vary, as oft as there is any
change in the element of fire, I am compelled, by all the
rules of reafon and philofophy, to underﬂ:and tl'us element
as the immediate caufe of thefe effedts, and muft receive it

* Entia non funt multiplicarda abfgue neceffitate.

at
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as fuch, till it is demonftrated to be-inadequate; the con-
trary to which hath been demonftrated already, and might
be farther confirmed by fome other experiments, which I
might here introduce, if there were any occafion for
them. |

THE cohefion of bodies by the a@tion of this fluid, may
be illuftrated and confirmed in a familiar way by fome pa-
rallel effeds, in the explication of which we are all agreed.
Let a ftop-cock be faftened to the neck of a bladder, that
it may be ferewed upon the work of an air-pump: exhauft
the air from it; and having turned the ftop-cock, to pre-
vent the air from re-entring, take it off the machine *.
The bladder is now transformed into two flat fkins, fo clofely
applied together, that the ftrongeft man cannot raife one of
them half an inch from the other: for, fuppofing the blad-
der to form the area of a circle {ix inches in diameter, each
fide is prefled down upon its fellow, with a force equal to
396 pounds. On the contrary, if the-bladder be blown up
with air, and the ftop-cock turned to prevent it from get-
ting out ; it will be more difhicult to bring the fides toge-
ther, fuppofing them not to be rent in the attempt, than it
was before to feparate them.

I muft be allowed to put a cafe here. Suppofe a perfon, pre-
fented with this {pectacle, to be unacquainted with the pref-
fure of the atmofphere; as many people undoubtedly are, and
many of the learned alfo were, but little more than a cen-
tury ago.” What will fuch a man fay, when he is pulling
at the fides of the bladder, and finds it impofiible to lift
up either of them? If he is illiterate, he may think per-

* This will anfwer as well without the formality of an air-pump. Only let the fides of a
bladder be prefled flat together, while the neck of it is tied fait to keep out the air.

 BUE haps
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haps they are bewitched : if he has any knowlege of phi-
lofophical terms, he may fay, ¢ nature abhors a vacuum:”
if he has any faith in the modern doctrine of a vacuum, he
will take this to be an undeniable proof of a very f’crung
attracétion.

Wi enN the bladder is blown up (allowing him ftill not
to be aware of any fluid within it) he muft fay the fides 7e-
pel one another ; or he may call them elaflic; attributing
that e]aﬁlmty to the folid matter of the membrane itfelf,
which is the property of the invifible medium inclofed w:th—
in it, |

ArTracTioN and repulfion, as here applied, are the
creatures of this man’s imagination, to fay nothing of his ig-
norance. If he is fond of his fancied difcovery, he will give
himfelf no trouble about the real caufe of thefe appearances,
for he thinks himfelf to be already in pofieflion of it ; ;and
will not perhaps be very well pleafed with thofe, who en-
deavour to go farther, ¢for ever aflerting his right to ftop,
« where he finds he can get no farther upon fure ground *. B
Many philofophers were grievouily difappointed, when the

preflure of the air was eftablifhed by experiment ; the learn-
ed Dr. Henry More in particular, who oppofed Mr. Boyle
and profeffor Sturmius with great vehemence upon this ar-
ticle. He had long indulged himfelf in the belief of an Ay-
larchical principle, a [piritus mundi hyloflaticus, which he
defcribes as a living plaflic nature, but brute and unintelli-
gent. And thus he folved, without any more expence than

that of pen, ink, and paper, all the appearances of the vi-
fible creation.

* See 16111': preface (of the editors) to Mr, Maclawrin’s account of Sir Jfaac Newton’s difcove-
ries. p. 1

We
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- We are apt to wonder in thefe days, hoiv men of learn-
ing could thus fupinely acquiefce in a fet of occult and bar-
barous founds, and be ignorant of the weight of the atmo-
iphere, to which an experimental enquiry muft inevitably
have dire¢ted them. Yet our own practice at this time is
in fome refpe@s no better than theirs; we have afcribed an
oracular dignity to a term, which has either no meaning at
all, or many contradi€tory ones; a word that explains no
more than the principium bylarchicurn, and not quite fo
much as the abborrence of a vacuum — But let us return
to experiment again.

‘InsTEAD of the bladder, let us now take two concave
brafs hemifpheres, known by the name of the Magdeburgh
bemifpheres, and firft invented by Otto Guericke. They af-
ford an appearance of the fame kind, but more convenient
to our purpofe at prefent. Apply thefe hemifpheres to each
other: if you fqueeze théem ever fo hard together with your
hands, they are eafily {eparated afterwards, and meoft pro-
bably will fall afunder by their’ own weight. What 1s the
reafon of this? Every fluid, we know, will naturally be 7
equiliorio with itfelf: the air, being here applied both to the
inner and outer furfaces, will prefs with equal and contrary
forces ; which only deftroy one another. But if the air be
exhaufled from within, there will then be an excefs of pref-
fure without, by which the hemifpheres will be firmly fixed
together. After this, if the air be again admitted they will
fall afunder as before.

Trus then let us argue: that as the air, when it enters;
puts an end to this adhefion, by reftoring an equilibrium, it
is plain there was not an equilibrium before: the adtion
from within, muft have been weaker than the aéion from
without, if the effect ceafes when the former of thefe is made

equal
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equal to the latter. And I defire the reader to obferve, that
the oflices both of wwiting the hemilpheres, and feparating
them, are exerciled on this occafion by one and the fame
wid. ' '
ﬂ Ir this reafoning is juft, the tranfition from the furfaces
of the brafs hemifpheres, to the cohefion of the brafs itfelf,
will not be very difhcult. For let this brafs be thrown into
a furnace ; it foon grows red ; and as the heat increafes, it

becomes in a manner tranfparent : the matter of the fire
netrates into the body of the metal ; and when the medium
within is nearly in the fame condition with the medium
without, the brafs runs, and there is an end of its cohefion.
An effe&t which is thus made to ceafe'in a mechanical way,
may be produced in the fame way ; and if the entrance of
the fire (as we argued above ) diffolves and feparates the
parts of the metal ; the exterior Preﬁ'ure of the fame ele-
ment, though in a different condition, was the true caufe of
their cohefion. | e ¥ ' 4
D~y the exiftence and preffure of the air, and you
muft have recourfe to attraétion, or {u&ion, or an incor-
poreal agency, to account for the adhering of the hemi-
{pheres. Allow but the exiftence and prefiure of elementary
fire, the reality of which is manifeft to as many of the bo-
dily fenfes as the reality of the air, and you need not have
recourfe to any of thefe things to account for the cohefion
of -the brafs. on
BeTrwereeN thefe two effe@®s there will be a nearer and
more apparent refemblance, if the hemifpheres, inftead of
being evacuated by the machinery of a pump, are heated
moderately at a fire. The more {ubtil fluid, rufhing into
the concavity, expands and takes the place of fome of the
grofler air, or rarefies it, as we commonly {peak. In {{hi‘#
ate




CAUSE OF COHESION,. 151

ftate let them be applied, with a luting of any kind to the
joint, and dipt in cold water: they will adhere as effectu-
ally as if part of the air had been withdrawn by exf{uéion.
In like manner, when the fire diffolves a mafs of metal, an
extn:mely fine and f{ubtil fluid pafles freely through the bo-
dy of it: but as it cools, this medium within, having no
frefh fupply, evaporates in part; and the remainder, grow-
ing continually weaker, yields to the fuperficial preflure of
the fame element, in a colder and lefs rarefied ftate; from
whence the whole effeét muft follow in a natural way; and
the agent which drives the parts together, being univerfally

prefent, will keep them together, till it is again counter-
a&cd as before. If any experimentalift fhall hereafter be
able to exhibit one fingle inftance of a cohering body, where
he can prove the internal and external preflures to be egual
in all refpeéts, we may then grant him his attradtion; we
may confefs, fuch an effe&t is not brought to pafs in a péy-
Jfical way ; and that we underftand no more of the caufe of
cobefion, than he has exprefled under that word; which is
juft nothing at all.

I~ the mechanical way of folving the caufe of co 1r.-imn,
of which I have thus ventured to offer a thort draught, I
perceive there is one article that wants to be explained and
confirmed a little farther. It will be granted me, I prefume,
that the matter of fire, by penetrating through the furface
of a folid or fluid body, a&s 7nternally with an expanfive
force, to loofen and drive afunder its conftituent particles. |
But where fhall I find a medium to a& externally, and over-
come this motion of the fire when the body grows cool and
begins to concrete ? I I fhould fay, the bear within is coun-
~ teracted by the co/d without, and that cold is the agent act-
ing externally, it will be atked again, how cold, a mere prs-

VaL167
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vation, can be taken for an agent ? But that cold is a mere
privation, I cannot believe, becaufe expenment fhews it to
be the effe& of a cold :f:thm ial fluid, as heat is the effect of
fire, an hot fluid. I cannot ftop here to purfue this fo far
as it deferves ; it will {ferve my purpofe at prefent, to prove
the reality of a cold @zber, different from common air, and
of fufficient power in its operations to execute the office I
have afligned it.

Sering-water, it is well known, contains in it a large
portion of air; and moft of the medicinal waters, fuch as
Pyrmont, Briftol, Tilbury &c. contain much more than the
water of common fprings. But there is an eafy method of
extracting all the air, {o that no part of it fhall remain. This
is done by boiling the water, and then placing it within
the vacuum of an air-pump. When it has remained in this
fituation till it is cold, it is fufficiently purged of its air, and
ready for the experiment I am about to propofe.

Pour fome of this water into a fmall glafs phial with a
long and {lender neck ; obferving withal, that the {urface of
the water is to reach 1o higher than to the bottom of the
neck. Set this phial on a fmall transferring-plate, and co-
ver it with a. glafs receiver, from which exhauft the air as
perfectly as poflible. Then plunge the receiver, with its
included phial of water, into a freezing-mixture, compofed
of fnow or beaten ice mixt with common falt, or powdered
Jfal ammoniac, which is better. In a very little time, your
phial of water will be frozen into ice, which runs much
higher into the neck of the bottle, and occupies more {pace
than the water did in its fluid ftate. This intumefcence; as
you will perceive upon infpeétion, is owing to a great num-
ber of bubbles, difperfed within the body of the ice, which
certainly are not eompofed of air; ﬁ:rr air does not {well

and
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and rarefie with cold, but is always condenfed into a leffer
{pace. Befides, there was no air either in the water or the
phial, neither can air penetrate the glafs of the receiver ; and
if a fmall gauge be included together with the phial, and
the ice be melted after the operation of freezing, by bring-
ing the receiver near a fire, thefe bubbles will rife up and
burft at the furface, as the ice grows liquid; but after all,
the gauge will not be affe@ted by them, as it would be, if
they were of the fame nature with common air. When the
ice is all reduced to water, and wholly cleared of its bub-
bles, repeat the freezing ; you will perceive the fame intu-
mefcence as before, and the fame colle&ion of bubbles: and
thus it will happen zoties quoties ; as I can venture to fay,
becaufe I have been at the trouble of making this experi-
ment, fo far at leaft as to fatisfiec myfelf of the truth of what
I affert. -

Twais fubtil mther, though but {mall in quantity when
compared to the bulk of the water, is introduced with a
force, which art would find it very difficult to meafure ; a
force capable of burfting ftrong veflels of filver and brafs,
fuch as might be filled with air many times condenfed, with-
out receiving the leaft damage. The experiments of this
kind, made in the academy de/ Cimento ™, do well deferve

* See their experiments on ar#ificial-freexing, p. 69 &c. Bat left it fhounld be thought, that
the effects, I here refer to, were ﬂwing in any degtee to common air, I muft beg leave to fub-
join the following experiment. I made a firong cylindrical box of metal, with a broad rim,
to which a flat cover was applied fo exattly, by girimling one upon the other in a turning-lath,
that when the cover was laid upon the box, no light could be feen through the joint. Then
I prepared fome water, by boiling and placing it upon an air-pump. This water, when cold,
was {o throughly purged, that it would not yield the leaft bubble of air, when the pump was
well evacuated ; and this 1 tried immediately before the ufing of it. I filled the box with
fome of it, till it flood convex above the rim : and having applied a wetted leaiher to the co-
ver, ferewed it down firmly upon the box with four iron fcrews; by means of which, it was
made afr-tight : and in this flate, I fuppofe, the box and cover would not have been feparated
by a weight equal to half a ton, and perhaps not by a great deal more. Having plunged the
whole into a freezing mixture, the water was frozen into a folid mafs in lefs than half an hour ;
and as its bulk increafed, by means of the inclofed bubbles of cold, three of the fc‘rtwchwt:n:

u reed
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the attention of thofe, who require any farther fatisfaction
in this matter; and to thefe experiments I refer, as to fo
many proofs of an wzther, cold, fubtil, adequate to all the
effects of cohefion, and different from common air. It is
true, I am not confined to thefe; there are many other
ways of proving the fame thing; and the pheenomena of
electricity have ferved to open the eyes of fome few experi-
menters ; {o that I have the fatisfaGion to find, I am not
{ingular in afligning a mechanical canfe of cohefion.

T ingenious Mr. ilfon F. R.S. in his zreatife on elec-
tricity, p. 187, is of opinion, ¢ that cohefion may arife from
“ the mutual action of the light contained within bodies, and
“of the atmofpherule furrounding them, the preffure of
““ which alone may be {ufficient to make their particles co-
¢ here with a great force &c.” Dr. Boerbaave alfo hath dropt
an hint, as it were by accident, which greatly favours what
I have advanced. “If therefore (fays he) cold were a mere
“« privation of fire, the power which contraéts the particles of
““a {olid body, would be innate, or implanted in the nature
““of body itfelf; while the power that expands, would de-
““ pend upon the fire, and confequently be fomething extrin~
“fic.” See Boerh. Chym. by Shaw. Vol. 1. p. 219. He
feems here to me, to mention this as an abfurdity in nature.
And furely it is incredible, that bodies thould be 7e/axed by
the force of a medium, and confolidated by an attraélien in
the matter: in other words, that the particles, of which
they confift, thould be moved outwards, from a to 8, by a

forced by the violence of the preflure, and the cover was raifed up on one fide, about a quarter
of an inch above the rim.

Common air, it is certain, could have no thare in this effeét; the whole being occafioned
by a finer wther, fo {mall in quantity, that it did not occupy a cubic inch ; and fo great in.
force, that its preffure muft have been an bundred times greater than that of the atmofphere,
which is only fourteen pounds upon a furface of an inch fguare.

mecha-
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~mechanical force, and brought back again, from s toa, by
‘an occult quality. Would this be agreeable to that unifor-
mity, which is every where to be obferved in the ways of
‘God ? it muft follow therefore according to the fufpicion of
this author, that cold is not a privation of fire, but occa-
Aioned by fomething as 7ez/* and pofitive, as that fire which
is the occafion of Aeaz. T fay no more in this place, having
‘confidered this point particularly in the enfuing pages. 3
TaerE are another fort of reafoners amongft us, who
{eem to glory in their ignorance; and have precipitately de-
fied all the philofophers upon earth, to account for cohefion,
otherwife than by the power of the Deity immediately intereft-
ed. After the extravagant lengths thefe gentlemen have gone,
for the fake of gaining {fome credit to I know not what me-
taphyfical reveries, they muft be endued with a degree of
candour and ingenuity rarely to be met with, if they will
attend to any thing of this kind. But I muft beg leave to
remind them, that if they will account for cohefion by im-
material impulfes and miracles, they fhould account for the
“adhering of the two exhaulted hemifpheres after the fame
manner, and deny that the air is employed as an inftrument
in this bufinefs. For I humbly think, it is confiftent neither
with the wildom nor the power of God, that he fhould or-
dain an inanimate fubftance to produce fome effedts, and
produce other fimilar effects by the immediate influence of
his own divine effence, becaufe they are conceived to be be-
yond the reach of any inftrument even of Ais contriving,
Such a conclufion as this, no pious man, who is really con-

*® Plato is very clear upon this article, in the difcourfe of his Timeus Locrus — vo pir ar Jug-
Havy -‘-Hr'}lpmglv; TE xaoiy .'.Big-fuﬂur TUY R ETH dixe eipeiy. To &% -.}vﬁdr,mxﬂf&igiﬁg‘" WoseP k] JULE=
mrhwnnay wi. ** What we call heat, confifts of very fine parts, which ferve to feparate and
“diffulve bodies: but cold is made up QI,F'gmjér parts, which prefs upcn and ftop up their
** pores.” Plat. Op. Serr. Vol. 3. p. 100.
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cernéd for the honour of God, can eafily digeft; and Mr,
Boyle, 1 am perfuaded, would never have admitted it. Na-
ture is extremely fimple in its agency, though infinitely va-
rious in its produtions: it is not made to a& by corporeal
impulfes for the prodution of fome effects, and by attrac-
tions and fpiritual influences for the produéion of others.
Of this fimplicity in nature, if we can truft to their own
declarations, philofophers of all ages have been perfuaded ;
and it is no fault of mine, if {fome of them have unhappily
departed from their own rules, and made nature to abound
with almoft as many caufes as effecs. i35

CHAP IV

An experiment fo confirm and illufirate what has been ad-
vanced in the foregoing chapter : with fome obfervations on
heat a»d cold.

SuouLp very far exceed the bounds I have prefcribed

to myfelf, were I here to run through the natural hiftory
of cohefion, and diftinguifh all the variety of cafes I have
colle&ted, fome of which may be intricate and difficult e-
nough, whilft others would ferve to clear them up, and con-
firm the principles I have advanced. I cannot however for-
bear to felect one example, as it feems to yield us a palpable
proof, that cohefion is caufed in the manner I have fup-

poled. '
THERE
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THERE is a toy made in our glafs-houfes, which the learn-
~ ed have treated of under the name of lachryma vitrea ; the
workmen call them.g/afs-pears, and they are commonly fold
in London for the diverlion of fchool boys; though they are
attended with a pheenomenon, which hath excited the ad-
miration of moft of the philofophers in Ewxrope. They are
made of the ordinary green glafs, by letting fall a large drop
of it, when in fufion, into a veffel of cold water. If a piece
of the neck be afterwards broken off from the drop thus
prepared, the whole body of it burfts afunder with an ex-
plofion, and is {plit into a thoufand {mall fragments, which
may be crumbled into duft without any injury to the fin-
gers. This effe@, wonderful as it is, may eafily be traced
up to its caufe.

It was obferved above, that as a melted metal grows
cool, the fire that had been lodged within it, evaporates by
degrees; while a colder zther, preffing on the {uperficial
parts, brings the whole to a due firmnefs and coherence.
Here we have a noble illuftration of it. The fire, having
rarefied the particles of the glafs, and put them into a ftate
of fufion; the cold, applied fuddenly by the water to the
{uperficial parts of the drop, forms a condenfed cruft of
glafs over the whole, before the fire within has time to ef-
cape in a regular way. By this means, the inner particles
are clofed up in their rarefied ftate; and when all is cold,
there remains between thefe particles what cuftom, and the
poverty of language, obliges me to call a fire-vacuum, ana-
logous to the vacuum of an air pump. When a piece is
broken off from the fmaller end, a part of the rarefied core
is immediately expofed, the interftitial paflages of which are
fo open, as to admit an @ther that ought to have been ftopt

by the furface : this zther -rufhing "in {fuddenly, as air into
an
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an exhaufted veffel, fills the pores with fuch violence, as to
rend the whole fubftance into atoms. The channels formed
by the difpofition of the pores, muft likewife be of {uch a
ﬁ ure, as will contribute not a little to the fuccefs: for as
the matter of the glafs decreafes in its rarity from the axis
of the drop toward the circumference, all thefe channels will
reprefent the figure of a wedge; the propriety of which in
this cafe, and the confequences that muft attend it are clear
enaugh

It is not air that occafions this effet, becaufe it wﬂl
anfwer beft i vacuo; and what is very much to my pur-
pofe, it is then attended with a flafh of /ghz; for the obfer-
vation of which curious circumftance, we are indebted to
the French academy *.

In fome trials, the progrefs of the effect hath been fuch
as plainly to point out the true and natural {olution of it.
Francifcus Redi, who publithed 41 different experiments
upon thefe bodies, w1thnut adding one word of enquiry af-
ter the phyfical caufe, informs us, that when he had coated
one of them with plaifter of Paris, leaving out fome part of
its tail to be afterwards broken off, the coating was rent by
the explofion at the bafis of the drop; “as if the force of
¢ the frature took its rife at the extremity of the tail, and
¢ Faﬂing downward from thence to the bafis or bettom,
“forced away the plaifter of Paris in that place” 4.

It is farther remarkable, that if one of thefe bodies be
laid upon hot coals, or boiled in oil, and doth not burft in
the operation, (which very frequently happens) it is reduced

* Hiff. de Pdead. 1692, p. 307.
+ Guttula rampendo vim bafin verfus faceret, & in ei parte laceraret gypfum, ac fi vis rap-

ture cnginem })pfl‘ﬂt a principio cauda, iretque femper impellendo vexfas bafin aut fundam
guttule, Redi Ogferv. p. 61.

to
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to the temper of common glafs, that hath been regularly ax-
nealed ; and if its neck be fnapped off, the ufual event does
not follow. The fire relaxes the indurated cruft, and hav-
ing gained a paffage through it by flow degrees, fills up the
pores of the glafs without violence ; after which, it grows
cool with a more equal and regular difpofition of the parts.

Ir thefe things fhould not appear to others in the fame
light as to myfelf, I cannot help it. I leave it to be confi-
dered, whether we fhould not come much nearer to an a-
greement, if inftead of attempting to annihilate the agents
God hath created, they would {pend fome labour upon the
ftudy of them, and examine the wonderful effe@s of the
ztherial elements, without a refolution to find attra&ion and
a wacuum, where no {uch things ever exifted. The effe&s
of heat and cold, as daily exhibited to our fenfes in the cuf-
tomary changes of the weather, are fufhicient to juftifie me
in what I have deduced from them. When the weather
grows warm, the power of cohefion grows weaker; when
the weather becomes cold, this power is increafed; and the
hardeft of metals, in common with all other bodies, are
proportionably altered in all their dimenfions. Extreme heat
will diffolve them; extreme cold will harden, and render
them fo brittle, that large bars of iron may be eafily {napt
in funder, after they have been expofed all night to the open
air in a fevere froft. A power of fo flu&uating a nature,
and which is thus rendered greater and lefler with every
change of the elements, can be no property of the cohering
matter.

Ir the changes of the atmofphere are found to make the
heights of the mercury in the barometer vary; who can
doubt, that the preffure of he air is the fole and adequate

caule
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caufe of its {ufpenfion ? and accordingly, if the air be to-
tally removed from the furface of the ciftern, the mercury.
drops to a level with it. Therefore it hath never once been
fuggelted to us, that mercury is endued with the property of
flying up into a glafs tube.

Tuus allo, if the degrees of denfity in a cohering body,
vary with the degrees of heat and cold ; where fhould we
feek, but in the element of fire, for the true and phyfical
caule of cohefion ? when we defcend indeed to the precife
mode of its operation, it is hardly to be expeéted our ideas
can have a mathematical exaétnefs, I take it for granted
they are very grofs, and fuch as we fhould be athamed of,
if the fenfe of man extended to the firft principles of matter,
which God, in great wifdom, hath purpofely placed out of
of his reach. But it is no inconfiderable ftep in philofophy,
barely to determine the queftion, whether God hath chofen
to act by material inftruments, or immaterial influences : it
being of the utmoft importance in every {cience to begin
rightly, and have our labours direGted into a proper chan-
nel.

As 1t will probably be much doubted, whether the ope-
rations of heat and cold are to be afcribed to elementary
fire, as to one and the {fame fubftance ;' that matter, I think,
may eafily be adjufted by obferving what happens to a com-
mon thermometer. When you bring it near a fire, and find
it rifes from 55 degrees, the point of temperate, to 212, the
degree of boiling water ; to what {ubftance do you impute
this, and what is your name for it? doubtlefs you will tell
me, it is elementary fre. Suppofe the thermometer to be
fallen 32 degrees below the point of freezing, and to be
raifed from thence up to temperate; during the greater half
of which motion, a very fevere co/dnefs is predominant. Now

if
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if you imagine heat and cold to be things different in their
nature, you muft providf: one element to raife the thermo-
meter through the upper parts of its fcale, and another to
raife it through the lower; and after all, you will never be
able to guefs at any point of diftin¢tion, where the one ends
and the other begins. For if your inftrument, when ex-
pofed out of doors, fhould ftand at 55 degrees in Fanuary,
the air would be attended with a very fenfible warmth to
the body, and you would find yourfelf able to fit very
comfortably without a fire. If it {hould ftand at the fame
point in Fuly, you would complain of fhivering with co/d,
and perhaps order a fire to be lighted. Thus you will give
the contrary appellations of Aoz and co/d to one and the fame
temperature of the air; and if you realize thefe different ideas,
which arife wholly from a deceived fenfation, and fearch af-
ter a {pecies of frigorific particles, acids of the air, and fuch
like, you difcover nothing real in nature, but become the
dupe of your own language.

Hear and co/d are the names we have given to the fen-
fations which are raifed in us by the different (and fome-
times by the fame) impreflions of elementary fire. If an
effe@ is produced when the thermometer ftands at the heat
of boiling water, I call it fire that produces it : if water is
frozen into ice, and the thermometer ftands at 30°; I am
fenfible of cold in my body, but the agent in this cafe is ele-
mentary fire : and there may be a greater philofophical pro-
priety than we are aware of in that expreflion of V7rgi/ —
Penetrabile frigus adurit™. As we do not look upon @i to
be one kind of element when the barometer finks to 28
inches, and another when it rifes to 31; the element of
fire ought to be confidered in the fame way, under all the

: ot * Georg. L. L. 93.

X different
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different ftations of the thermometer, that is, all the dxﬂ'c-
rent degrees of heat and cold.

Uron thefe confiderations, I have followed the moft
eminent of the chemifts, and fome modern writers on elec=
tricity, in ufing the word fire in its largeft fenfe, when I
mean cither fire, or /ight, or ether. We may indeed call
it by any of thefe names, becaufe the fame fluid muft be
underftood by every one of them: though if we were to
ftand upon ftriénefls and propriety of expreflion, it would
be neceflary, on fome occafions, to ufe the firft of thefe;
on others, only the {fecond or the third. When this fluid 18
cold and mﬁﬁhle, or appearing only in pellucid bubbles
like air, as in the freezmg-gxper:me?zr let us call it wzher

— “czecus ignis expers luminis *.” When it becomes vifible
and lucid, it is what all men have agreed to call Zght., When
it gives heat and burns, it is fire. The empluyment moft
agrecable to /me, is to fearch after zbings, and try to render
themn intelligible : if I can but be {o fortunate as to make
fome little progrefs in that refpe&, I leave the reader to cor-
re¢t my expreflions, and fettle the application of words at
his own difcretion. If he has had patience enough to follow
me thus far, I hope he will hear me out, while I examine
the nature of another {fort of power, oppofite to attraction;
and diftinguifhed by the writers of thefe times under the
name of repulfion. _

* Du Hamdl.

G H
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CHAP. V

Of the phyfical caufe of mpu]ﬁun y particularly as this prin-
- ciple is applied to the elafticity of the air.

IT is needlefs to repeat all the inftances commonly urged,
either to illuftrate the operation or prove the reality of
fuch a principle as 7epulfion. The beft-known, and moft
univerfal of thefe, is the e/afficity of the air ; the property by
which it refifts any comprefling force, and which the great
Sir Ifaac Vewton, and others, have endeavoured to account
for, by fuppofing a repulfive force to be implanted in its par-
ticles: for thus, it is prefumed, they may drive each other
farther off, without the intervention of any other matter ¥,

- Ir repulfion is propofed to us, as a dilcovery of the canfe
of this property in the air, common fenfe will remonftrate
againft fuch an impofition. Experience will teach us, that
the particles of the air are by fome means or other repelled
to a certain diftance, and cannot be forced into immediate
contact, by any power we are acquainted with. To inform
us, this is owing to a repulfion, is but to tell us (by ufing
the noun {ubftantive inftead of the verb) what we knew be-
fore, namely, that the particles are repelled. Repulfion is
the faé?; the caufe of repulfion is fill to be enquired af-
perss -

* ¢ Which vaft contraltion and expanfion (of the air) feems unintzlligible, by feigning
¢ the particles of air to be fpring:,r and ramous, br rolled up like hoops, or by any other

¢ means than by a repulfive power.”” Newt, Opt. Q. 31.

X 2 M=r. Boyl,
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MRr. Boyle, always ready to offer fome mechanical folu-
tion of what occurred to him, fuppofes the aerial atoms to
be a fort of elaftic {pirals, like wazch-fprings. Thus they
may refift any 111cumbent preflure, ‘and naturally reftore
themfelves to their former ftate, when that preflure is re-
moved. Bernoulli, who ftudied the =ther in a mathematical
way, gives up this whole affair as an inexplicable myflery of
nature *, when his own principles might have helped him
to underftand it: and Du Hamel, a famous Cartefian, em~
braces the hypothefis of Mr. Boyle as ablolutely zeceflary +.

Bur if fome circumiftances are laid together, this neceflity
will {foon difappear ; becaufe if it be admitted, it will carry
us into very great abfurdities, The fteam of bmlmg-water,
as we find by its effeds, is equally elaftic with the air; and
1s therefore applied to gwﬂ motion to a fire-engine for drain=
ing the water out of mines, in the performing of which, a
very great. power is requifite. The force of this ﬂ'cam in
Papin’s digefter is incredible; and, without due caution,
would burft the ftrongeft veflel. In the Zo/pile, it appears
as an extemporaneous air, and its el/ficiy is as manifeft as
that of the air. Are the particles of wazer then of a { lral—
‘like form? and is this fuppofition zecefflary @ If it is not
neceffary to account for the elafticity of water, it cannot be
fo to account for that of the air. Fire, which aéts upon
the former of thefe, and by expanding renders it elaftic,
may produce the fame effect in the other §. It would be
abfurd to feign a et of {pringy particles in water ; this fluid
in its ordinary ftate being reputed unelaftic : and in fa&,

* D¢ Gravit, £Ether. p. 81.
+ De Confenfu Vet & Now, Phil. p.220.

{ Aquarum enim quafi vapor, quidam aer habendus eft. Is autem exiftit motu .qm
caloris, qui aquis continetur. Cic. de Nat. Deor. L. 2. 10.

on
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no author I have ever met with hath been {fo unreafonable as
to fuppofe fuch a thing. The particles even of mercury it-
{elf, ponderous as it is, when fublimed by the impulfe of
fire, become elaftic like air or water, and will burfl the vef-
fel in which they are confined. When a drop of mercury is
thrown into a naked fire, it hifles and explodes like water.
Is mercury alfo compofed of {pringy particles? or rather,
do they not manifeftly borrow from the impulfe of fire all
the elafticity they are endued with? For if the agency of
the fire be fuddenly checkt, the elafticity of mercury, of
water, and of air alfo, iin its proper degree, departs together
with it.

Tus true caufe of this elafticity hath been acknowleged
by fome ingenious..men, whofe labours were {ure to be at-
tended with fome fuccefs, becaufe they argued with faéts
before their eyes, and endeavoured to examine them to the
bottom.. It is greatly to be wifthed, that all philofophers
would do the like. Dr, Shaw, in his ufeful notes on Boer-
baave’s chemiftry, aflures us without any hefitation, ¢ that
« the a&ive force in air, which produces fo many effeéts,
¢ does really @/l arife from the fire contained in it *.” And
Dr. Alex. Stuart, in his leGures on mufcular motion, which
contain fome curious obfervations in anatomy and phyfics,
has the following words — ¢ Thus it appears that this ex-
“¢ panfion and repwlfe is not owing to the natural elafticit
¢ of the air, but to a foreign power, to wit that of fire a&-

“ing upon it;’ which the author claflfes among the fpecies
of fluids, vifible and obvious to the touch +.

* Vol: 1. p.220.
" Phibf. Trasifalt. abridg. by Martyn, vol.g. p. 285.
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Ir it fhould be fufpeded, that I am taking refuge under
the authority of others, and would thus impofe a belief of
what may not very ‘eafily be demonftrated; only let a blad-
der, half filled with air, and clofely tied about the neck,
be brought near a fire : it will immediately {well ; and the
elafticity of the enclofed air will increafe, as the action of
the fire upon it increafes. If a bladder were blown quite
full of air in the heat of fummer, and preferved till the
depth of winter, it will have loft much of its elafticity, and
Gbe fhrunk into a {fmaller {pace. Thus, if a greater degree
of motion in the fire gives more elafticity, and a lefler de-
gree /fs elafticity, to the fame quantity of air ; the element
of fire appears to have the direction of this property, and is
the immediate phyfical caufe of it at all {feafons. That fire
is always intermixt with air in a certain proportion, is evis
dent from the thermometer. a8

Tuis whole affair {feems to be in a2 manner {o felf-evident,
that it would be idle to infift upon it any farther.. How=
ever, there is a powerful objeétion or two, to which I have
never yet feen any reply : and certainly they deferve to be
carefully examined, becaufe they have been thought to
countenance the do&trine of repulfions, [pringy particles &e.

It is obfervable, that a flaccid bladder, placed under a
pneumatic receiver, will be diftended when a part of the air
15 withdrawn from the outfide of it, after the fame manner
as if it were held before a fire, ‘but in a much greater de~
gree. If fire is the immediate caufe of  this property, how
can the repulfion increafe, when the heat does not in-
creafe | ' | 3

Mr. Boyle hath entitled this — ¢ a difcovery of the admi-
rable rarefaétion of the air, even without beat*.” But this

* Bee Bolten's abrigd. V. 2. p. 249 ;
18
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is not a juft and proper reprefentation of the cafe: it thould
have been faid ¢ without any additional heat,” and then
there would have been no obfcurity ; an additional heat be-
ing not requifite upon this occafion. We need only appeal
to a thermometer placed within the receiver, to prove the
degree of heat zbere to be the fame as without in the cir-
cumambient air. This heat is fufhicient for the purpofe,
and will neceflarily produce a rarefaction within the bladder,
when the veffel that enclofes it is exhaufted.

So long as the receiver is full of air, of the fame tem-
perature with that in the bladder, there are two equal forces
counteracting one another; there is air within the bladder,
rendered elaftic by the ftanding degree of heat at that time
in the atmofphere ; and there is. air: equally elaftic, prefling
externally and with equal force, on the outer furface of the
bladder; fo that while things remain in this ftate, all will
be at reft. But the effe& will be juft the fame, whether
you add more heat to the 7zfide, or take away an equivalent

of the refiftance from the ow#fide : a rarefaction muft
follow upon either of thefe changes; and as fire is always
exerting its force, it is eafy to predi& what the event will
be, and what in reality it is found to be, when the refifting
air is withdrawn. For fuppofe two men, of equal ftrength,
were pufthing, one on each fide, againft the door of a room,
which will open either way : it will be the fame in effe&,
whether you add another man on the infide, or take away
your man from the outfide ; the door will be opened owz-
wardly in either cafe. And thus it happens to the flaccid
bladder upon the air-pump: to fubtra@ the refiftance from
its outer furface, is the fame as to add a greater force of ex-

panding fire to its inner.
A fecond
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A fecond objection, which hath a plaufible appearance at
firft fight, is drawn from this obfervation, that the air in a
flaccid bladder, carried up to the top of a mountain, will
be expanded ; when, if fire be the caufe of its elafticity, it
ought to be contracted ; the air being much co/der there,
than in the valley below. This is nothing more than the
former experiment under a new fhape, and with the addi-
tion of a freth circumftance. When we afcend a moun-
tain, the barometer finks: that will caufe the bladder to
{well. At the fame time the cold increafes : that will caufe
it to fhrink. It is to be enquired then, what proportion thefe
oppofite effects bear to one another. The refult will be ei-
ther two equal quantities, or two different ones. If the .
quantities were equal, the bladder ought ftill to preferve its
dimenfions: if they fhould prove to be unequal, the leffer
muft be fubtraed from the greater, and the effe¢t will be
equal to the remainder. “

I~ order to adjuft this matter from experunent I ﬁn.d_
-myfelf under a neceﬂity of informing the reader, that I once
made an excurfion into the peak of Derbyfbire, with the
hope of improving my health, and adding fomething to my
little ftock of botanical knowlege. I took this opportunity
to examine the height of fome of the mountains in the peak
with a portable barometer, which I had made for this pur-
pofe, after the pattern of that defcribed by Scheuchzer in his
itinera alpina, with fome little improvement. To this in=
ftrument I added a mercurial thermometer, graduated ac-
cording to the fcale of Fahrenbeit, Upon one of the higheft
of thefe mountains, the barometer ftood very nearly an inch
lower than at the furface of the river which runs at the foot
of it. This was in the beginning of Fune 1760, and the
air was then unfeafonably cold, the theérmometer ftanding,

at




OCCASIONED BY FIRE. 169

at noon-day, below the point of zemperate. 1 muft confefs,
the objection now before us was not then in my thoughts;
otherwife I fhould have been more exa& in my remarks:
but to the beft of my remembrance, the difference I ob-
{erved in the thermometer, when I had afcended the top of
this hill, amounted only to 2 degrees.

Since that time, I had occafion to prepare an inftru-
ment, which performs the offices both of a thermometer
and barometer, and renders all the momentary changes of
the atmofphere evident to fenfe; for when it is expofed to
the Ihaded alr, it is never at reft, but fhews us fuch a per-
petual agitation of the elements, as might f{uggeft many
ufeful and pleafant reflexions ; but they are all wide of my
purpofe upon this occafion. It 1s fuﬂicient to obferve, that
when the barometer finks one inch, the fpirits in this in-
ftrument rife 15 inches perpendicularly in the tube: when
the thermometer {inks 2 degrees, the fpirits fink 2 I inches.
The motion of thefe {pirits being occafioned only by the
{welling and contracting of {fome inclofed air, we thus find,
without much trouble, what difference there is between the
two contrary effects abovementioned. The expanfion of air,
included in a bladder, and conveyed from the bottom of
that mountain to the top, fhould have been nearly as 13,
on account of the finking of the barometer, and the leffen-
ing of the incumbent preflure ; while its comtraétion, on
account of the increafing cold, would have been only as
2 %3 which being deduéted fmm 15, leaves 122 to exprefs
the real expanfion of the air, inftead of 15, which we may
call its potential expanfion. This difference is fo {mall, and
takes fo little from the effe&, that it would never be thought
of in fo grofs an experiment as'that of the bladder: and the
higher the mountain is fuppofed to be, the lefs would any

Y {uch
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fuch interruption be taken notice of. A barometer would

fall about 4 inches below its mean ftation, at the top of a

mountain, 1320 yards, or 2 of a mile above the level of the
fea; at which height, the cold is ufually fo great, that the-

{fnow lies continually. Let us {uppole, that a thermometer,
conveyed in the fummer-feafon from the foot of fuch a moun-
tain to the top of it, would fall from 60 degrees to 32, the
point of freezing. The expanfion of fome air, inclofed in
a bladder, fhould be as 6o: but its contraétion by the
cold will be as 317; therefore its real expanfion would ‘be
as 2813 and a flaccid bladder, inftead of thrinking into a
lefler compafs with fo great a degree of cold, will ftill be
expanded mwore than twice as much as in the foregoing expe-
riment, 1. alaaaer

TuEest confiderations have made me eafy in regard to
the immediate caufe of the air’s elafticity. I heartily with
they may have the like influence upon others, and get
the better of all their fcruples. If fire, that univerfal and
active element, can occafion fuch a property in the air, by
a mechanical and impulfive motion, the thing is intelligible.
By this means, we become poflefied of one important truth
in natural philofophy, and fuch as may in time dire& us to
many others. Could it once be fhewn, that air, totally
emptied of its fire, has any of this elaftic property in it™
it would then be time enough to call in the affiftance of
repulfion, which is but the fame thing with giving up the
point as unintelligible, But unlefs elaftic air can be exhi-
bited under fuch circumftances (which cannot be, unlefs the

thermometer be firlt made to fink 290 of Fabrenbeit's de- -

* Non tanturh aer in ignem tranfit, Ted nunguam fine ‘igne ¢ff, Detrahe illi calorem,
rigefcet, ftabit, durabitur. Semec. Nat. Queeft. Lib. 3.

g}ees |
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grees below the freexing point) there is no more occafion
tor this quality than for that of cohefion.

.To thofe who examine this matter impartially, thefe
powers will appear incredible in their very nature. The ef-
te@s which are explained by attra@ion and repulfe, do fo
often vary, that we are obliged to fuppofe the fame particles
of matter endued with both: with one virtue of drawing
and alluring bodies ; and another of terrifying and driving
them away at the fame time. But how, in the nature of
things, can two principles, deftrutive of each other, refide
in the fame fubje& ? repulfion is as oppofite to attraction, in
my way of conceiving it, as darknefs to light, or cold to
heat; and it is equally impoflible, that the fame particle
fhould both attra&t and repel ; as that it thould be both
black and white, hot and cold, at the fame time. To re-
concile this, fome have invented feveral concentric {pheres,
or invelucra of contrary powers, furrounding the fame atom
of matter; {fo that when other matter approaches the atom,
thus invefted, as it were, with the coats of an immaterial
onion ; it meets firft with a repelling {phere; being forced
fomewhat nearer, it falls in with an attra&ing {phere; and
coming yet nearer, it meets with a repelling fphere, to keep.
it from immediate conta&. What a complication of caufes
is here! and all to make one poor atom vibrate through lefs
than the roooth part of aninch! This can never be agree-
able to that fimplicity of nature, fo much boafted of by all
philofophers ; and if our own fenfes are to have any weight,
the experience of every day might lead us to {omething
more true, ufeful, and intelligible.

Yoz CH AP
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The application of cohefion, as an unmechanical pr:'ﬁa:pfe,
Jerves only to keep us in ignorance. This is proved from a
plain example.

TO bring the argumentative part of this book to a con=
clufion, I fhall take the {ubje¢t of wegeration, and
compare it with the favourite principle, which hath been
applied of late years for the explanation of it by our fyfte=
matical writers ; in order to thew, by one example out of
many, that thefe powers, which have unhappily been fubfti-
tuted in the place of the true agents, do not only not ex-
plain any effe@s, but tempt us to conceive falfely of nature,
and to aflirm what is contrary to experience. My only rea-
fon for driving the argument thus far, is to encourage thofe,
who pretend to be guided by experiment, to endeavour -at
{fome farther progrefs, and not for ever affers their right to
'i‘?ﬂjﬁ', when they might go farther on with pleafure and
afety

WHE N a glafs tube of a very {mall bore, is d1pped into
water, or any other fluid except mercury, the fluid wil be
raifed to a certain height within the tube above the furface
of the liquor in the veffel ; and its elevation, in feveral tubes
of different fizes, will be reciprocally as the diameters of
their bores. .-

THEe ingenious Mr. Rowning will have it — it is drawn
“up by a tendency it has by the principle of attraétion, till
“the furface is loaded with as great a weight as that zen-

dency
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<¢ dency can fupport *.”’ - Not to take advantage here of the
author’s terms (which to be fure are unintelligible ) let us
for a while agree with him; and fuppofe the inner furface
of the tube to attraf? the water. “ Hence (fays he) a
“ RIGHT NOTION of the aicent of fap in wvegezables. +”

I. Now if the fap aicends in a vegetable, on the fame
principle that water rifes in a capillary tube, of which he
{eems to have no doubt; let us take a capillary tube, in
which, for example, water will be railed to the height of
two inches. In the tubes of a plant, therefore, whofe bores
are of the fame diameter, the fap fhould be raifed to the
{fame height, but no higher . On the contrary, I have ob-
ferved an heavy and vifcous juice to iffue plentifully at the
height of zwo feet; and that out of veflels, confiderably
larger than the crifice of a capillary tube, within which pure
water would not rife to the height of two inches. It is hardly
worth while to relate the hiftory of fo eafy an experiment :
however, the plant I made this trial upon, was a very large
fpecimen of the zithymalus beliofcopius, or common fun-
Jpurge, the trunk of which is without a joint, and was cut
tranfverfely near the top of it; after which, a fetion of its
veflels was compared in a microfcope with a fection of the
glafs tube.

II. It is alfo to be regarded, that the fame quantity of
liquor will be /#/pended in a capillary tube when its lower
orifice is lifted out of the water, as was raifed into it while
immerfed under the furface. Did the f{ap afcend into a
vegetable on the fame principle, it ought to 7¢/# there, and

*® Pref. p.17.18. + Ihid. i
1 Dr. Grew has the fame remark --- ¢ although we fee, that fmall glafi-pipes immerfed
“ in water, will give it an afcent for fome inches ; yet there is a certain period, according

« to the dore of the pipe, beyond which it will not rife.” Anat. of plants. p. 126.
be
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be fuflained by the attra&tive power of the veflels, when the
orifices of them are expofed to the open air.. The contrary
to which appears from experiment: for if a branch of the
birch be taken off; or a young tree be cut quite away, and
and held in the fame perpendicular pofture in which ‘it
grew ; the veflels will bleed copioufly from' the bottom, as
“when a limb is cut off from an animal; and the like will
happen in many other plants.  Again ; water will never run
out at the upper orifice of a capillary tube, be it ever fo
{hort. But the ftump of a vine, as Dr. Hales hath' thewn
us”, will fend up. its fap into a tube cemented upon it, to
the height of 20 feet and upwards. Thefe things being con-
fidered, it follows to a demonftration, that the juices are not
attra&ted by a plant, but forcibly compelled into its vel-
{els. vt
III. I~ a capillary tube, it makes no difference, whether
there is air on the furface of the water into which it is im=
merfed, or whether the ait be exhaufted; the experi

fucceeding equally iz waczo. And the fame ought to fucceed
in a vegetable’; to which, on the contrary, air is found to
be fo neceflary, that no plant can take up its nourithment,
nor will a feed ever germinate fo long as the air is abfent. -

IV. Tuere is no {eafon of the year, in which a glafs |

pipe will raife water to a greater height than at another;
the effe@ being juft the fame in the depth of winter as in
the heat of fummer. But the rays of the fun, or the heat
of an artificial fire (which is equivalent) is fo abfolutely re-
quifite to'the growth of herbs, that in their feafon for ta-
king in the fap, in their ftature, and in their qualities, they
are wholly influenced by the fun’s heat all over the world.

* See Vep. Stat. Exp. xxx13%.

The
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The plants which are loweft in their ftature {pring up firft;
as the little aconitum hyemale or winter wolfs-bane, which is
the earlieft of all; arum, chelidonium minus, violets, and a
tribe of the like fort, which feldom attain to many inches at
their utmoft growth, and appear very early in the f{pring.
Thefe are fucceeded by others of a larger fize, till at laft
the under-fhrubs and trecs put forth in their order; and
when the fun is at his greateft exaltation in fummer, the
whole vegetable creation is in its greateft glory and beauty.
Then as the fun declines, this vegetative motion languifhes ;
and the order they obferved in putting forth their leaves,
flowers, and fruit, is now inverted in their decay. The tall-
eft trees are generally the firft that drop their leaves, and the
lower follow at a proper diftance, till by degrees the fmalleft
{hrubs, except the ever-greens, are all ftript of their cover-
mg,.and fo continue, till the {un at his return puts new life
and moifture into their veins. But what is all this to the
afcent of water in acaplllary tube? to apply that experiment
to the appearances in vegetation, is to introduce a principle
to give us a zight notion of every thing, which acually agrees
with nothing in the whole {ubject.

«/Tuere had been a fairer appearance of fome foundation
to build upon, had the afcent of the fpirits in the tube of a
thermometer * been aflumed as a proper fatt to begin with:

*® «If in the morning (faith Dr. Hales) while the fap was in a rifing ftate, there was
“ﬂ. cﬂlr.! wind, with a mixture of funfhine and cloud; when the fun was clouded, the
“ fap would ammed.ﬂm}}r vifibly fubfide, at the rate of an inch in a minute for I"everal
L J,nr;hﬂ;, if the fun continued fo long clnudcd but as foon as the {un-beams broke out
*“again, the fap would immediately return to its then rifing ftate, juff as any liguor in a
il eter rifes end falls with the alternacies of heat and cold: whence ’us probable,

“l:.hat the plentiful rife of the fap in the vine in the bleeding feafon is effeited in the fame
“¢ manner.” Feg. Stat. Exp. 39.

and
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and yet this, by itfelf, will fall very far fhort of the purpofe,

though it may bring us fomewhat nearer to the truth., For
let a tube of this kind be fixed againft a wall with a north-
ern afpect; the fluid contained in it will conftantly perform
like ftages with the fap in vegetables. Should it ftand un-
commonly high for the feafon, vegetation will be unnatu-
rally forward ; of which this laft winter * hath afforded us

fuch an example, as never occurred within the memory of

man: violets, and fome other plants, were obferved to be

in flower before the expiration of o/d December. When the
thermometer is very low for the {eafon, vegetation will be at
a ftand. But generally {peaking, as the {pring advances, it
will be higher every month till the greateft heat of fummer;
after which, when the trees begin to drcrp their leaves, the
thermometer will {ubfide gradually, till it gets to the freez-
ing point; at and about which, the motion of the fap in
vegetables is at its loweft ebb.. -

Truus far we fhould have been right with refpe&t to the
agency; though as to the particular circumftances of it, we

{hould fail without fome farther direétions. But if we leave .

out the fun, and the celeflial elements, as things fupernume-
rary to the natural world ; and fet up to explain all the
wonders of vegetation, with no better furniture than the ima-~
ginary attraction of a glafs pipe ; we fhall generate infuper-
able difficulties of a new kind, and remove none of the old
ones that naturally belong to this branch of philofophy. Thus
it will always happen, when we conne& together things fo-
reign to one another; and account for an hundred experi-
ments, by one that bazh not been accounted for ; which is
unfortunately the cafe with the capillary tube. Thus Gilbers,

* 1760.

Kepler,

'
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Kepler, and others, accounted for all the great phceenomena
of the world, from thofe of the /Joadffone; and for thofe of
the loadftone, @ formae tantim altu immateriali, _/Emr incor-
poreo proceffu *. This magnetical philofophy was [once in
great requeﬁ' But s now wholly difregarded and forgot-
ten.

I might hav& taken ﬂccaﬁnn in this place, to examine
the aﬁ'a:r of magneti{m, and to prove, that the effe¢t of the
loadftone is, 1. not owing to any attractive virtue in the
{ubftance, but 2. to the impulfe of an mther: and' 3. that
this zther is no other than elementary fire. But enough hath
already been faid, to eftablifth the conclufion I had in view.
It was not my intention, in this treatife, to mmpofe: any
thing that fhould look like a fyftem of philofophy ; but
barely to fettle fome important preliminaries, which may
ferve as an introduction to the ftudy of nature, and tempt
ingenious men to make fome farther enquiry upon mechani-
«al principles. I doubt not, but that thofe who are conver-
{fant in phyﬁcal refearches, will be able to confirm what I
have faid, with many particular articles from their own ob-

fervation,
* Gilb. de Magnete.

Z CHAP
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C Hi Al o VIK _
The mﬂm’nf ton from all the foregoing argwmﬂﬂ: ﬂﬂd’ ex_.pe-

?‘fﬂf&ﬁi N

" T may be of ufe now, to colle& into one v;lew thc evi-
-dence that hath been offered ; and to confider at the
fame time, what, and how much, we have a nght to con-
clude from it.
- In the profecution of this work upon the mechanifm of
nature, 1 have endeavoured to dlfprmre all. that hath. been
advanced on the other fide of the queftion; and: to eftablith
the affirmative, by an induion nf {o manj,r poﬁtwe proofs
from nature and experiment, as may fervr: to put it out of
all dlf llt'&
X F iRsT then, it 15 clear ennugh, that, the uperat&ons of

nature -#ay be mechanical ; notwithtanding all, the ﬂbjec- :

tions, arguments, and demunﬁranons, whlch have been in-
vented to fupport a contrary opinion. Some of thefe objec-
tions are no better than naked and unfupported afiertions ;
which prove nothing, but that the authors of them were
perfuaded of what they afferted. Other objections are drawn
from the difficulty, which the learned have found, in aflign-
ing a mechanical caufe for fome particular effeéts ; and thefe
difficulties have been improved into abfolute impoflibilities :
as if it were impoflible for God to contrive, what it is not
ealy for man to comprehend. Cobefion hath been a great
difficulty : gravity another difficulty : and if there were five

hundred more, would it not be wrong to draw any pofitive
conclu-
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conclufion, from what, by our own confeffion, we do not
underftand? The induftry and experience of future times,
taking all due advantage of fome modern difcoveries, may
make:fome things clear and eafy, which at prefent are ac-
counted unfathomable. And man, after all his labour in
this life, muft expect to find many difficulties, and have the
murtlﬁcatmn to be ignorant of many things. But how pre
poﬁemus would it be, to begin a fyﬁem with thofe articles
concerning which we have no certain knowlege! It wnuld
be like the practice of an archite®, who fhould undertake
to build a church, and begin with the weather-cock.

As to arguments, the moft important of all others, and
that which moft nearly affe@s the notion of an univerfal
mechanifm, is the proof of a wacuum : not only as the po-
fition itfelf doth neceflarily exclude all fecondary caufes ; but
as it pretends alfo to be founded on fa&ts. The barnmetcr
finks when it is carried higher up into the atmofphere : but
the argument, enmmunly deduced from this experiment,
proves {o much, that it proves nothing. For at this rate,
there ought to bc a vacuum, where our fenfes, with the help
of fome common experiments, affure us there can be no fuch
thing. Fire, which burns and flames beyond the height to
which the twilight is extended, will ncither burn nor flame
in a vacuum. Sound alfo is tranfmitted from thence, if ac-
counts attefted in the beft manner deferve any credit, per-
haps more audibly than it would be at an equal diftance up-
on the earth’s furface. Thefe obfervations will not confift
with a vacuum: they will only lead us to fufped, that the
elemenl: of air is but 1mperfe&ly underftood.

Ir we go higher up into the heavens, there again we meet
with the phanomena of comets; of the philofophy of which
hodles, but little more appears to be known, than that they

Z 2 dlfprﬂvc
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difprove the notion of a celeftial vacuum : for they burn,
and flame, and fend out vapours, juft as they would do, if
the air were prefent to them. Sir I/aac NVewton hath hecn
beforehand with us in ftating this argument ; though in op-
pofition to his own opinion, upon fome other decalini

From the refiffance of different mediums, a demonflration
is fuppofed to have arifen for the proof of a vacuum, as ab-
folutely neceflary to an undecaying motion. A body, it
hath been afferted, muft /g2 its motion, by communicating
it to the medium through which it pafies : and this fuppo=
fition is well known to be the foundation of that famous fu-~
perftructure, which hath done fo much honour to the geo-
metrical talent of Sir Ifaac Newton. It is upon this account
only, that he will have the celeftial {paces to be void of all
Jenfible matter ; and thence he takes occafion to introduce
attrattion and projetion as the only poflible caufes of the
planetary motions. Whereas in fa&, a body may preferve
an equal pace through any medlum, and its refiftance fhall
be no argument to the contrary, if that medium is appomt-
ed to act as the immediate cax/e of the motion. Nor is
this a bare {peculation, depending on fuch principles as muft
be committed to the courtely of the reader; for the thmg
1s reducible to practice.

A1Rr is a refifting medium ; yet inftead of retarding the
motion of the lamp-machine by its refiffance, it preferves that
motion by its impulfe. And if the motion is difcontinued
at laft, this is not owing to any defe& or irregularity in the
caufe, but to the imperfetion of the smaterials. If the ma-~
terials, which are a&ted upon, would but continue in the
{fame ftate, the motion would be unretarded, fo long as air

and fire, which are the caufes of it, fubfift in the world.
In
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In this experiment, the caufes are not artificial and vio-
lent, as when a circular motion is given to a ftone whirled
about in a {ling, or to bullets carried about in a box by the
revolutions of a centrifugal-table &c. but {uch as are fup-
plied by nature itfelf, in its regular method of aéting ; which
both legins, and continues the motion. What is done by
nature in one cafe, may certainly be done in others. The
planets themfelves may be carried round in their orbits by
the fame means. The heavens may be filled throughout
with an therial fluid; not infinitely rarefied, unrefifting,
and impotent ; but denfe, and continuous in its parts: for
if fuch a fluid is contrived, by the great author of nature,
to govern and regulate the planetary motions ; never let us
fear, that it will obftruct and retard #he motion which it gives.
From all this, we have {ufficient reafon to conclude, that
the operations of nature zay de mechanical.

2. Nor is it lefs evident that they really are fo. In
all thofe experiments, where there can be no reafonable
doubt about the explanation, matter is found to a& upon
other matter, for the producing of the effe¢t; and we are
able to trace this in fuch a variety of inftances, that unlefs
the world is governed by oppofite and contradictory prin-
ciples, the fame rule muft obtain throughout the whole.
The body of man, which is the higheft piece of machinery
in nature, is made to ﬁe, and f:mr, and /peak, upon me-
chanical principles; and it dies without the conftant impref-
fion of a material force upon it from the element of air.
By the preflure of this air, the mercury is made to rife in
the tube of a barometer : hail, fnow, and vapours, are form-
ed in the atmofpherical regions, by the different tempera-
tures of it: the clouds are {uftained by it, and driven about
to water the earth: plants grow and are nourifhed by it:

without
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without it, there could be neither found, voice, nor lan-
ouage: all fires would be extinét: all animals, whether
towls, beafts, or fifhes, would perifh; and the whﬂle world
would languifth and deca}'

For thofe effeéts, where the caufe is not fo obvious, a
more fubtil @rher is provided ;. the reality of which hath
been proved, and many of its operations pointed out by ex-
periment. It is capable of being transfufed, as an element,
from one parcel of matter to another., On {ome occafions,
it will add a remarkable increafe to the weight of bodies.
It will enter the pores, and fill the interftitial vacuities of
all other {ubftances; and it aéts with a force, and a veloci-
ty, adequate to all the effes we can defire to afcribe to it.
It gives an elaffic force to air, and occupies every {pace from
which the air is exhaufted. In electricity, it fhews itfelf to
be /ight, and will occafionally burn and confume bodies as
fire. It is therefore both light and fire : light, as it illumi-
nates, and renders objeés vifible ; fire, as it burns and con-
{fumes what it acts upon. In the fire of lightning, it ap-
pears by plain inference, to confift of the fame matter with
the rays of the fun; a confideration, which, in common
with many others, renders it umverfal to the whnle {yﬁcm
of th: creation.

. Tuese are the inftruments, which God hath mani-
f:ﬂ:ly ordained, as {econdary and f{ubfervient to his own
power, in the ceconomy of the material world : and they are
fo univerfally extended, and incorporated with other things,
as to be {erviceable in the motion of all its particular parts.
Some or other, and in many cafes each of thefe, are pre-
{ent to all thofe effeéts which have fallen under the obferva-
tion of philofophers; and there are no other caufes to be
found ; unlefs we afcribe unintelligible and innate powers to

inert
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inert matter, thereby making the effe& to be the caufe of
itfelf; or can {uppofe, ' againft' the diéates’ of reafon and
common {enfe, that God, who. hath created thefe means,
hath made it a rule to a& without them. Of thefe, both
art and nature receive the benefit in common. What ftrange
things are brought to pafs by every ordinary blackfmith,
only by the application of fire and air from his forge and his
bellows ? If he turns thefe out of his fhop, the ftrength of
his hands will do him but little fervice; and the reft muft
be left to attractions, and repulfions: but iron and brafs do
not underftand the force of fuch philofophy. What would
the chemift do, without his furnaces and his refrigeratories ?
Hence proceed all his feparations, {fublimations, condenfations,
fixations, digeftions, chryftallizations, and fuch like. - With
the help of thefe natural caufes, very few things are too hard
for him 3 but without them, his whole art would be at a
ftand. The chemift fees this and confeffes it: he cannot
but obferve the ufes of fire and air within the fphere of his
laboratory ; and is thence naturally led to acknowlege their
ufes in the greater operations of nature. * Hence it comes to
~ pals, that there are very few chemical writings extant, which

will not afford fome light to a natural philofopher ; but a-
bove all others, the writings of Dr. Boerbaave ought to be
valued upon this account.

Waar fruit then can be expected from ‘the labours of any
difquifitory where he negleéts thefe elements, and would ba-
nith them, to make way for fuch caufes only as can operate
ina'vacuum? he muft of courfe deface the chief beauty of
nature’; which is no where fo confpicuous, as-in the depen-
dence that is eftablilhed bewween effects and their caufes;
and muft empty the world of. its matter and mechani{m,
only to fill it with difficulties and myfteries.  If he dﬂﬂ_‘ml_'ira

—— : the
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the conne@ion between the parts of matter, he muft prefent
us with fuch a picture of nature, as can refemble nothing
but the bones of a fkeleton, which cannot ftir one ftep up-
on natural principles: whereas the work of God is worthy
of its author, and the frame of nature is a perfe&t and well-
conne&ted body, furnifhed with all its proper mufcles and
ligaments. The bones are united, moved, and lifted by the
mufcles : if an anatomift, in defcribing the wonders of the
human frame, fhould leave out thefe, he muft fuppofe the
bones to move themfelves ; after which, he might go on to
argue again/f the muicles, as things ufelefs and unnecefiary;
mere obftacles to the free and eafy motion of the bones with-
in their fockets; and then he would ‘philofophize juft as
they do, who forget that fluid matter of the heavens, by
which all other things are moved and conneéted together,
and place occult powers in the folid matter of the celeftial

orbs. |
T o avoid falling into any errors of this kind, I have ta-
ken care to feign no arbitrary and abftracted idea of nature;
but have examined- it wholly as a matter of fa&, and have
hitherto argued from obfervation only ; in order to 'make
fuch a fketch of its out-lines, as fhall be like the original.
And a ftrong likenefs hath often been hit by a very indiffe-
rent painter ; while fome finithed pieces, which have fhewn
a mafterly hand, might as well have paffed for the figures
of fome fititious charaders in a romance, as for the perfons
who fat for them. With regard to my own reputation as a
writer, I am perfectly eafy : for it was neither my defign,
nor my defire, to exhibit a pattern of eloquence; but to
add fome little matter to the cgmmon ftock of ufeful know-
lege. It is in this light only, that I could wifh to have my
labours accepted. As to the author himfelf, the learned, ¥
hope,
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hope, will find no reafon to look upon him as one who
would dictate to thofe, who are better able to inftru& him;
or to impofe a belief of any thing, which is not {upported
by plain argument, and undeniable evidence. If they do
him juftice, they will regard him only as a fellow-enquirer
after that truth, which they alfo are defirous to find ; and
will attend to him, as to one, who takes great delight in
the works of God, and but little in any work of his own,

END orfr THE THIRD Book.
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B O QAR LIV,

v § be Judgment of antiguity on the [jftem of nature :
 logether with the fentiments of fome modern au-
thors of the beft repate.

il 97 - B A i

~ Some general obfervations o7 the learning of the ancients.

T g— O what hath already been deduced from obfervation
‘and experiment, let us now try, if we can add the
fanction of fome clear and indifputable teftimonies
from antiquity. This enqmry will be ufeful and pleafant in
itfelf, ‘and the refult of it, T hope, will be fatlsfa&nry ;7 as’it
‘may ferve to repel any charge of novelty, which, if it were
well-grounded, might be urged with {ome ﬁtcccfs againft
the' do&rine of the mecbamfm of the world, and the in-
fluence’ of  miaterial caufes. For, as I have pretended, that
thefe thmgs are equally plain and important, there could be
no better objection againft them as fuch, than that mankind
fhould Kave been left to this day in ignorance ofthem.

Aaz Foxr
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For my own part, I have always been perfuaded, that
in our judgment of phyfics, a proper regard ought to be
pud to the concurrent teftimonies of ancient writers ; who
had, in many refpeds, the fame opportunities that we have,
and made it their pradlice to derive their knowlege of things
from evidence and obfervation. - How far they were able to
carry. their obfervations, it would be difficult to fhew with
any tolerable’ precifion; farther, T think, than they are al-
lowed to have done by the general ﬁream of modern wri-
ters ; fome of whom are weak enough to believe, that wif-
dom is a child newly born, though the world is now in its -
dotage.

Tuus much, however, is certain and 1nd1fputable, that
there are mnumerable appearances and operations in nature,
which are {ubjected to the eyes and fenfes of men, though
unaffifted with fome inventions of art, which are ufually
reckonied peculiar to the latter ages : and as nature is confif-
tent with itfelf, from thefe {uch a judgment might be form-
ed concerning the whole, as fhould: be fubje& to, no.ma-
terial errors, though it nght fall thort of a nmhematmal
exactnefs. _

Tre fkill of the ancients in- mechanical arts is t:ncrall}'
confefled to have been very great; and there are {g me fuch
monuments of it ftill remaining, both great and {mall, as
their fons at this day would find it hard to exceed, or even
to imitate. And it is well known, that in three branches '
of {cience, very nearly allied to natural philofophy, their at-
tainments are the foundation of modern learning, - Their
geometry and mathematics ought to be remembered firft up-
on this Dccaﬁnn, the principles of which are derived from
the writings of Archimedes, Euclid, Apollonius, and fome
other authors. And many of the moft valuable parts of

mathe-
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mathematical learning feem to have been more ancient than
the names of the writers to whom they are afcribed. The
Greeks were always notorious for pretending to invent, what,
it is evident, they were at the pains to glean up, among
nations more ancient and wifer than themfelves. The ftory
of Pythagoras facrificing an Hecatomb, when he had found
out the 47th propofition of the firf? book of Euclid, looks
very fufpicious, and hangs {o badly together, that the whole
feems rather to have been a fition. For how could that
philofopher facrifice an huwndred oxen, who made it a point
of conlicience never to facrifice any living creature? It is
more probable, that his geometry was imported, together
with his aflronomy, from the Egyptians *, among whom he
had travelled in fearch of wildom and learning.

Bur it is a matter of no concern to the prefent argu-
ment, who were the inventors ; thus much being certain,
that the ancients were actually in pofleflion of all the moft
confiderable and ufeful parts of the mathematical {ciences.
- It hath been fufpe@ed, from fome idle expreflions among
the poets, that the ancients judged the earth to be a faz
urface, and that the {un every evening went hifling into
the weftern ocean. Whereas it is known to thofe who en-
quire farther, that their mathematicians always held the earth
to be a /phere as we do now ; and fome of them, from the
earlieft times of which we have any account, endeavoured

b

® Mofugeper 7 w7 xomm Tor itger Aojev, xey T wplp pespetiior Siwgnuale, xey me wEr Tye apifpns,
17 % m o wmy [wor s Juoms wileedm, yoler ang Agpmner Flyl:hagﬂras learat from the
Egyptians bis dnowlege of hieroglyphics or fymbols, #is geometrical theorems, bis myfleries

and powers of numbers, and alfo his doétrine of the tranfmigration of fouls ---- This is part
of a famous paflage in the firft book of Disdorus Siculus, wherein that hiftorian confefles,
that the Greeés borrowed both their philofophy and myfteries from the Egyptians. It is
quoted by Eufebius, Prap. Evang. 1. 10. and is printed at the end of the works of Clemens
Hlexandrinus, .

to
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to find out the meafure of a degree upon its furface *, by
the meridian-altitudes of ftars near the zenith; a problem,
in the folving of which, the French aﬁmnomers laboured fo
much {ome years ago.

THEN again, as to their knowlege of phyfick ; how ve-
nerable are the names of Hippocrates, Areteeus, Celfus and
Galen 2 and, what is worthy of obfervation, the author,
who is the moft ancient of thefe, is defervedly the beft re-
puted. Where the moderns take advantage of thefe writings,
“and form their ‘judgment after the model of antiquity, it is
always found to anfwer: and a phyfician of good abilities,
who takes this courfe, is fure to do honour to that pruﬁeﬂiﬂn,
which of all others is one of the moft honourable.

Tue modern anatomy is chiefly diftinguithed from the
ancient, by a knnw]f:ge of the circulation of the blood : and
yet there are paffages in fome ancient writers, which feem fo
nearly to defcribe it, though indeed with no ' great accuracy
of expreflion, that I confefs I am 'not anatomift enough to
fee full where the difference lies. They appear to' have
known, that the blood is thrown into the heart by the vena
cava, and is diftributed again, from the fame fountain, to
all the different parts of the bndy +. Whether they did
actually mfer, that it rf:turned again to the heart t}lrnugh

* This hath very lately been taken notice of, in Mr. Stone’s fupplement to “his new
edition of Bisn's book on the confiruction and ufes of mathematical inflrumentsy p 3[3 a
treatife that ought to be in the hands of all lovers of mechanical and matht'mancal
arts. [

+ Lapfus cibus --- in eam venam, qum cava appellatur, confunditur, perque eam ad
eor confectus jam coftulgue perlabitur: a corde autem in totum corpus diffribuitur, Cic, de
Nat. Deor. lib. 2. cap. 55. :

in corde --- guatuor orificia, hina in utroque ventriculo : alterum qmdcm inducit, al-
terum vero educit --- per alterum Janguis trabitur, per alterum emiftitur. Gﬂ!m de ufu.
part: L. 6,

It is obfervable that Plate in hus Timeus, as quoted by Longinus, ﬂ}rles the heart, Y L
v# DEPIOEPOMENOY ¢Pedfws aupesilos. Loong. p. 170, edit. Pearce.

-

fome
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fome capillary. inofculations of the veins and arteties ¥, may
indeed be queftioned ; and I would leave this to be deter-
mined by the phyficians, whofe reading is more extenfive,
and whofe proper province it is to judge of fuch things.
JwBum when I fpeak of the wildom of the ancients, it is
chiefly, with a view to their knowlege of Affronomy : for al-
though it may be doubted, to what {}rlgmal we ought to re-
fer the whole merit of the invention, it is clear enough, that
the true folar [yflem, revived by Copernicus, and confirmed
afterwards by the telelcopes of Galileo, was well known to
the aftronomers of antiquity, who obtained it from Egyp:
and Pheenicia.

- T'cannot help obferving upon this eccafion, what a mif-
chtevﬂ_m thing awzbority is, when it hath once gained a foot-
ing .among thnfe who fearch after the knowlege of nature.
Thé name of Ariflorle, and the example of - king Prolemy,
gave a currency to a moft unnatural and abfurd {yftem, and
kept the world for many hundred years in a ftate of dark-
nefs; from| which it was recovered at laft, not without great
difficulty and violent oppofition.  ‘There was a pleafant in-
ftance of a philofopher at Florence, whofe prejudices had ta-
ken fo deep root, that he could never be perfuaded to look
thrnugh one of Galileo’s telelcopes, left he fthould fee fome-
thing in the heavens, that might difturb him in his belief of

Ariftotle’s philofophy.

* That the blood hath fuch a circulation as this, efpecially in the fungs, {eems to be
affirmed by Galen in the following words, which I would defire the learned reader to con-
fider : they are quoted by Harvey. Exercit. anat. 1. cap. 7. JIn toto ¢t mutua anaftomofis
}muﬁ:ulﬂun} atque gﬁ'ﬂfy orum apertio arteriis fimul cum venis ; tranfumuntgue ex { efe pariter

anguinem & fpiritum, per invifibiles quafdam atque anguflas plane wvias. &c. That Galen
knew the arteries to be filled with blsod as well as the veins, is clear from his own experi-
ments. “ Hippocrates (fays Dr. Boerbaave) has had the honour’ given him of knowing
“¢ the circulation, firlt by Riclan, and then by Drelinconrt and others; but it is certain,
€ that if he underﬂmﬂ the blood’s motion, he has exprefled h1ml"elf o uI'I.Irltc“IglbI}r
¢ gbout it, that his acuteft interpreter, Galen, did not thence {o much as fulpect that the
¢t blood had a circulating courfe.” &c. See Dr. Boerh. Academical Leﬂ'#n:-—- Vol. 2

033
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Tuis fame Arifforle informs us, that an aftronomical
{yftem, contrary to his own, was maintained by thofe of
the lralic fe&, who were called Pythagoreans: for thele,
fays he, affert that fire is in the midft of the world, and
that the earth, moving as one of the ftars, performs a circuit
round this centre, by means of which the changes of day
and night are brought to pafs. And the fame author ad
that many others befide the Pyzhagoreans, ]udged it lmpro-
per to place the earth in the centre of the world. * -

ArcuiMEDES delivers it as the opinion and du&nne of
Ariflarchus Szzmrm, that < all the fixt ftars and the fun are
«« without motion : that the earth is carried round the fun
« in the circumference of a circle, of which the fun itfelf is
‘“the centre: and that the {phere of the fixt ftars is fo im-
« menfe, that the circle of the earth’s annual orb bears no
“ greater proportion to it, than the centre of any fpherb
¢ bears to its whole furface +.”

LAERTIUS and Stobeus aferibe the fame do&rmc to Pbl-*
lolaus. the latter of thefe we dre mfo{!med tﬁat he
“ placed re in the middle of the world, at the: t:tm:m, and
“called it the focus or hearth of the univerfé.1” From
this philofopher Plato is reported to have borrowed Intlch

ii}

p. 38 of the Engly/h tranflation --- Thus far we muft agtee with this learned authery, thq:
if the ancients had a knowlege of the circulation, their expreffions upon the fubject are at
leaft defeétive, if not umnu:!]tgmlc And it hath happened ‘in many inftances, thit the
truth hath never been fufficiently cleared up and eftablithed, until it hath been exprefsly
difputed. Certain it 1s, that the Galeniffs did abfolutely dény a circulation : in eppofition
to whofe fyftem, the truth was either reftored or d;fcuv&r by the folid r:ai'mmgs and
experiments of Hurvey.

* Evesnas o migs v Miphiae ny.hw,:um &v Tl Joe gogeres ?:sj,nm-, Ed pin jog ¥ou ,Hnr Ilag m-q
¢amnl THE J'I FHE A T #-rll-m DTN XUXAN @wulgrw TH pAOTE wuip aF Xy WI waidy --l.'h.'&dﬁ
& mw xey AT g3t nwﬂ-i.m [ ety T OTHY T gty Juwogs u:raﬂrﬁm; .::fﬂ_,."f ce Coeelo, L. 2. <. 13.

+ Arehim. Arenar, Lib. 1.

I Pudohad mup by piew WEE Te HAFTEor, ewtp Eqlety Tb wovToq mphb. Stob. ofea val v aun-';.tu

In his chapter & swmas wpes &c, he obferves of the mathematicians, that fome fol-
lowed Plate § "while otlars aﬂérmf the fnﬂ to be in the middle of the world—- ¢ piaer o

Ty To¥ nAiem,
of
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of his knowlege; and according to Plutarch, he repented
toward the latter end of his life, that he had not followed
him in this article alfo.

LasTry, Seneca mentions it as a queftion worthy of con-
templation, whether the univerfe revolves, the earth being
¢¢at reft ; or whether the earth moves, while the univerfe is
“fixed. For s bath been maintained by fome, that we, the
¢ inhabitants of the earth, are carried about by an imper-
¢ ceptible motion; and that the rifing and fetting of the
¢ ftars is not occafioned by a motion of the heavens, but
¢ that we ourfelves rife and fet here upon the earth *.”

Tue ancients therefore were acquainted with the difpofi-
tion of the world according to the true folar {yftem : and
there is little doubt, but that the Prolemaic hypothefis was
- novel in comparifon of it, a {cheme rather adapted to the
prejudices of fenfe, and the corrupt philofophy of Ariffotle,
than eftablifhed in the world for any intrinfic merit of its
own, or any rational conformity with nature itfelf. How plain
and natural ‘does the Copernicarn {yftem appear, now the
induftry of man hath been fufficiently employed upon it:
and hﬂW eafily might it have been retrieved much earlier, if
aftronomers had not given up their underftandings to what
thc never were able to make any fenfe of. Men are always

ous enough of their bodily liberties, and are too often
ready to claim 4 right of judging and contradicting, where
they ought to be obedient; while they tamely give up the
liberty of the underﬁandmg to thofe who have no right to
demand it, 1as Arsffotle certainly had not. And yet his very
name did once convey an idea of all that is great and wile,

# Utrum mundus terri flante circumeat, an mundo ftante terra vertatyr. Fuerunt
enim qui dicerent, nos effe, quos rerum natyra nefcientes ferat, nec coeli motu fieri ortus
& occafus, fed ipfos oriri & occidere &c, Nat, Quefl, Lib, 7. c. 2,

Bb to
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to thofe who followed like a fwarm of bees; and would fhew
an invincible aftection, even for a dry unfruitful flump of a
tree, if their leader happﬁ'ned to light upon it. It was ow-
ing to that idle un-enqmrlnﬂ {pirit, which poflefles molt
men, that the nations conquered by his pu pll Alexander,
were lels nUMErous, and lefs fubmifiive, than the fubjeéts of
Ariflorle ; in the days of whofe dominion, common fenfe
was in a manner buried and overwhelmed by a verbofe wif-
dom, which employed itfelf only in diftinguifhing, fubdi-
viding, and difputing, about its prefent ftock of matter;
not in the making of fuch experiments, as might have or-
reted what was amifs, and fupphed what was wanting ; be-
caufe the attempt would have derogated from the pralfes ﬂf
Ariftatle.

Tue memory of Nicolaus Copernicus will a.lways dﬁférvé
to be regarded, in that he was the firft, who dared openly
to fet a better fcheme on foot, in ﬂppoﬁtmn to the furious
prejudices of the age he lived in: and it is the greateft
praife of Des-Gartes, that his labours, for a time, gave a
finithing ftroke to the tyranny of f{cholaftic learning, The
divine providence itfelf feems to have favoured and feconded
the attempt of Copernicus, in raifing up Galilees, to'demon-
ftrate by hls telefcopes fome artieles not very eafy of digef~
tion, , which Copernicus could only affert u pm gk |
without being able to confirm what he faid by fuch fenfible
proofs, as the caufe feemed to require. And Galileo him-
{elf had piety enough to afcribe this fuddﬂn and wonderful
turn of things to that fupr&me power *, by whefe direétion
all ufeful difcoveries and improvements uf {cience are made

% — Ope pwfpmllh a me excogitati, -divind prius illuminante gratid. Galkl, Syder.
Nune. poras .

%

to



ON THE SYSTEM OF NATURE. 19;

to arife, at thofe times and feafons, when his wifdom fees
them to be moft expedient : though perhaps, in ftri¢tnefs of
- truth, it may be more proper to term thefe ?‘@ﬂﬂra!mm of
Jeience, than original 'difcoveries. And the farther I enquire,
the more I am tempted to beheve, that even in this fenfe
— Vibil ef} fub fole novi.

Tuesk things are worth confidering, before we enter up-
on the fucceeding chapters: for there muft needs be a fair
profpcét of finding fome very. difcernible footfteps of a true
philofophy among thofe writers, from whom the true aftro-
nomy, after many ages, was {o happily recovered. And in
fa&, we fhall find them declaring fo exprefsly and almoft
unanimoutfly for the principles I have endeavoured to deduce
and: juftify from obfervation, that if I had been allowed to
invent fuch expreflions: as fhould agree beft with my own
{entiments, they would have been juft fuch as I am able to

roduce, Some. examples. of this I have already given in the
egoing, part. of this work, by throwing a few paflages oc-
cafionally intor the margin. 1 ought indeed to make fome
apology fm: fcttmgj out.to view {o. many Greek and Latin
quotations, in a treatife written in. Engli/h. But how is it
poflible for me fo avoid it ¥ for we cannot have the fenti-
ments of the ancients without. their languages; of which,
however,. L fhall dl.{hl.rb the text of my book with as. litcle

as, paﬂ'lb}e.h

Bb 2 CHAP
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'C'H APrO, |
Teflimonies ﬁ om the prﬁzﬂpa! authors: of prqﬁ:me anngwrgy

among the Greeks.

LATO, who was the head and 'founder of the gtade-

mnics, dhd without exception the greateft and moft
amiable philofopher among‘the Greeks, ‘whofe {entiments
alfo, in regard to natural philofophy, are fuppufed to_have
been the fame with thofe of Pyrbagoras™,’ denies a vacuum
upon all occafions, and afferts in general, that “fire 'and heat
“ beget 'and GOVERN  all other things +.”” ' Where he de-
fcends to particulars, as in the dtalngue that bears the nétne
of Timeus, he accounts for the animal fun&ions from an
intertexture of air and fire §, ating thmughnut.the whole
frame ‘of the body. 'To fire he afcribes the office ‘of ex’pamd-
ing within, and a.&mg through the body' outwards ;' ; while
the element of a#r compreffes from without, and’ munter-
acts the force of the internal fire. - By zbe' miniftry of thefe
caufes*, and the 1mpol’ﬁb111ty of a vacuum, a parpermf cir-
culation, as it were 1+, is kept up, through' the motion of
the lungs in infpiration and refpiration. The effeéts obferv-
able in gravitating and pﬂgfeé?ed bodies, as alfo in amber and

* Plato is reported to have borrowed the do&trines in his Timeus, from the writings of
Philolaus a fcholar of Pythageras. Thefe writings (as Hermippus relates) he purchafed at
the extravagant price of 40 Alexandrian Mine of filver.

+ To pee Fegpigy 0 xey Nog o &y xey T KARE VK xa mITCemue. 1 Beslel.

T Masypue 1§ wsges xay TlugG-,

il ¥ /- p}&ln AITIAIE.

++ Tovre mmy eior TEozov wEARgopEry T,
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the loadflone, he imputes to the action of the fame elements,
and fuppofes them to be brought to pafs after a manner ana-
lagous to that above-mentioned : for in all thefe cafes, he
oblerves, zbere is really no fuch thing as an attraétion™ ; but
the caufes already afligned will be found, &y zhofe who en-
quire diligently, to effedt all thefe wonders of nature by their
reciprocal impulfes. '

I'n another part of the fame dialogue, fpeaking of the
manner in which vifion is performed, by the mediation of
elementary fire and light, he fays ¢ Thele are the /fecondary
“and co-operating caufes which God makes ufe of as /Ais
“ minifers, for the finithing and perfecting of his Work.
¢ Moft men look upon thefe, not as the fecondary, but as
“the primary caufes of all things, inafmuch as they occafion
“beat and cold, can effect the cobefion and diffolution of bo-
‘“dies, and perform all other things of this kind +.” This
paflage while it fuits my purpofe, and fhews how deep Plazo
was in the mechanifm of nature, is fuperior and contrary to
the opinion of this author himflf on fome other occafions ,
and fupplies us with a valuable teftimony againft the idola-
try of the heathen world in general, who exalted the crea-
ture into the place of the creator. I know not how to ac-
count for this fentiment from the mouth of Plaze, unlefs it
be taken for one of thofe many articles, which this great

philofopher, to ufe the words of Serranus — aliunde ex me-
liore doflrind acceperat.

f Meerer TeTay OAKH pov w5 15y ¥dvw mooE. ;
N.B. This paflage may be confulted at large, as well in the ecloge phyfice of Stebaus, as
in the works of Plate himfelf.

t Tavr ov werd’ i90 Tar Svraenwy, as Sios URNEITIVET SenTeey THY TIU ESiY welo To SuomTor idsar
wmridny.  Ackxl iy & ume Tey Ay ¥ Ewvanrin o aemu avay Tav ey, Jujerme xoy ‘_:,I'E.E_u-mﬂ!r?af-,
FAMUITE TH Kol &ig.x-rfﬁ, Xy OOTC TOLoow TRt ﬂ'#te;dﬁrﬁh#. :

1 For the truth of this reflexion, confult Cicers de Nat. Deor. lib, 2. c. 12.

CicEro,
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Cickro, {peaking of the ancient Platenifls, relates in few
words how they treated the fubjeé of natural philofophy.
« They divided nature into two parts, one of which was
« aftive, the other paffive. They held it impeflible for bo-
“dies to. cobere, unlefs they were kept together by fome
« force; and that it was. neceflary this force fhould be ex-
¢ erted by fome matter. In d:ﬁmgmfhmg the feveral ufes of
¢ the elemcnts,, they attributed to air and fire the power of
4« gwmg motion and caufing effeéts; to carth and water a

« paffivenefs, or difpofition to receive their impreffions “.”
Cmera feems here to, have borrowed his fenfe frﬂm fome paﬁ
fages in Ocellys Lucanus, a Greek author of great antiquity,
who was a difciple. of Pythagoras. He reduces all the dif-
ferent arts of the univerfe to what he calls, “ gemeration;
« and t € ca }/.é qf eneration ;, the latter. of which, as obfer
¢ yation teaches, ath the power of moving and aﬁ'eﬁmg ;
« while it is the office of the former to be paflive and re-
« ceive motion. Heat and; cold, which (according to hisiown
« interpretation) are. the duauss, or- faculties of fire and air;
¢ are the caufes and cﬁimeuts the drynefs and moifture of the
¢¢ earth and water afford thﬁm materials to work upon .
And this agrees with what Hermias the. chriftian philo['m
pher gives us as the opinion of, Pherecydes the. Syrian, who
drew his learning fmm the, books of ‘the Phenicians, and  is
rﬂpﬂrtﬂd to have been the teacher of Pythagaras, that “mrﬁw
< js the agent, earth the patient 1.”

* De naturd autem ita dicebant, ut eam dividerent in res duas : ut altera effet officiens,
altera autem, quafi buic ﬁ prebens ---neque enim materiam. ipfam cohazrere potuifle, fi
null.vi. contineretur : neque vim, fine aliqud materia. --- Ila initia clementa dicuntur, e
quibus aer & ignis movendi vim habent & efficiendty reliquae-partes accipiendi & quafl pa-
tiendiy aguam.dice & terram.  Auwd. Quafl, lib. 1. :

. @asrgor om aig e Tar cwmaw g Womsios T woienr xey wovey ve. Thes 0F m dggpoe o e
—n NG K T mrﬂﬂ"ﬂf Ocell. Lucan. cap. 2. To ptr Trgusr wey Voo w5 aume xey SenTing 7o

0 Enger mey sppoe wi.vhn oy mfumng. Jhid.
§ O wsr wing T woigr, n ¥ o o mwger. Bochart, geogr. facr. p. 236.

ZENO,
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Zzeno, who was the leader of the forcs, taught that ““nature
“‘is fupported by an clementary fire diffufed through all the
s¢parts of it *. That there is no vacuity ; the world being
“f{o compleatly united in itfelf, that there is a connexion
“ and harmony between things celeftial and terreftrial +.”

T w1s mechanical connexion between the diftant parts of
the univerfe, was ingenioufly exprefled in a figure of the
great Diana of the Epbefians, fiill preferved upon fome an-
cient coins f. This idol the fame with the Egyprian Ifis **
was plainly intended to reprefent the whole {yftem of na-
ture, Her body is clofely wrapt up and concealed from the
head to the feet, under a variety of hieroglyphical ornaments,
to fignify the fir/l matter of the univerf¢ hidden beneath
the external forms and ﬁgurf:s of things. (See plate I1I. fig. 3.

e129.) In her open face, is the fplendnr of the day ; her veil

hind fhews the darknefs of the night; her multitude of
breafts, the fertility of the earth, whlch as & fruithil thother
fuckles and fupports all her Pmdu&mns hetr hands fpread
out exprefs the efficient power or agency of the fupermr ele-
ments ; and to fhew that thefc a&t only by means of me-
chanical impulfes, and a connexion with even the moft ex-
treme or loweft parts of nature, a chain is carried down from
each hand of the image, and connected with its feet. The
fenfe and meaning of this chain may be well exprefTed in
the following words of a critical author of great learning —
I mundo ratione nulld effe poteft vacuum — etenim nift nexr-
bus mutuis colligaretur mzmer_*ﬁms nec mundum natura con-
Mneret nec regeret, nec partium invicem ulla faret Jocietas +4.

* Gic. de Nat. Deor. lib. 2.
4: Diog. Laert. Zeno.
1 See AMenetrii Symbol. Dian. Ephef. p. ro.
% T B mig Iondes (oremn ) ™ o5 Anpntges opgieramy vamgger. Died, Sie. ubi fupra,
+t Cel. Rbodigin, lib. 1. c. 7.
The
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The golden chain, let down from heaven to earth by Fupiter,
requires the fame interpretation ; for Plazo hath obferved,
that by this chain Homer meant to {peak of the /fun, jthat
is, of the power and influence of the fun upon terreftrial
thinps %, 0. |

Ir the fun really does aé&t upon bodies at a diftance from .
him, it muft be by means of fuch a chain of matter. It
was upon this confideration, that Zoflius rejeted the opi-
nion of thofe “who fuppofed the @zber to be nothing but a
¢ great void, in which the ftars performed their courfes:
¢ than which (as the {fame author obferves) nothing can be
¢ more contrary to reafon. For it is neceflary the heavens
¢ {hould be of a corporeal fubftance, that they may aét
“ upon inferior things ; which cannot be without either im-
¢ mediate contact, or the intervention of fome fubftance ex-
“ tended from the one to the other, Hence the fyftem of
“ the world muft be continuous in its parts, or at leaft con-
¢ tiguous, that things above may communicate their light
“and heat to things below +.” So agreeable is this both
to reafon and obfervation, that fome writers, who in all
appearance fat down with'a refolution to maintain a va-
cuum, have at times yielded to the remonftrances of common

O gL AED

* Tuwv geveny swpmr ws ovddv wie n Tor whioy Opnzes niwer. Theagtet, See alfo Macrobins in
Somn. Scip. lib. 1. But Pierius has an obfervation more to the purpofe than any [ have
met With -~ Funa catend de caelo ab Fove fufpenfa, & lapides pedibus alligatos habens, ab
Homero fingitur ; ita ut unum pedem contracliorem habeat altero, Due image quatuor ele=
sentorum fymbolum efl,  Juno enim ipfa aerem fignificat : catena ignem, guo cectera colli-
gantur &c. Pier, hieroglyphica.’ lib. LIX, \ i
+ Multorum ea foret opinio, quod ®thera dicimus, nihil aliud effe, quam magnum
inané, per quod fidera fuum conficerent curfum. Quos interea nimjum quantum ratio.
fugit. Nam necefle fuit coelum corporese effe fubftantiec =-- ut fidera dgere poffent in in-
feriora, quod fieri non poterat fine contactu, five is per fe foret, & fine corporis alterius
interventu, five per aliquod fieret intermedium. Ut necefie fit, omnia vel continua effe
vel contigua faltem, quo fuperiera poffint inferioribus impertire lumen ac calorem fudm
Foff: de Orig. & Progr. Idol. lib. 2. p. 255. ' i

fenfe
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fenfe, and relapfed into this do&rine of Poffius, though in
dire& nppc)ﬁu{m to their own principles. We had an in-
flance of this in book 2. chap. 3. But let us proceed with
our enquiry.

ArTER the Academics and the Stoics, the Peripatetics were
moft confiderable. Ariflotle their founder, though miftaken
in fome things, was wife enough to concur with the beft
philofophers of antiquity in difbelieving and rejeéting a va-
cuum. He attributed to nature an univerfal abborrence of a
vacuum, and accounted for many effects upon this principle,
the merit and meaning of which, it is not worth while to
enlarge upon in this place. Againft thofe who infifted on a
vacuum as neceﬁ'ary to motion, he rightly argued, that ¢a

“ plenum is capable of being fo affected, as to confift very
% WEII with the motion of bodies in it: for its parts may

d mutually to one another, and give an ealjr pafifage
¢ ta bodies, though the {pace in which they move is full of
“matter. Of this, (he tells us) we have an inftance in the
¢ circumpgyrations ot continuous bodies, and allo of fuids.
% Nor does it follow that there is a vacuum, becaufe fome
““maffes of matter may be comprefied into lefler dimen-
“fions; for if water thould be forced into a fmaller {pace,
¢ the air it contains would be forced out of it®.” ﬁr;ﬂarfe

might have added, that if airis cmnpre{TEd the fire is forced
out of ity the faeme rule being obferved in all cafes of this
nature,

It is very probable, that De/~-Cartes might take an hint
from this paflage, to obviate that imaginary meceflity for a

» WF‘:E Jeg uJ'tx;Taq To-TARgEs” wR 4% oudE WE TOMDE RAWRTIN’ i Joep wﬁmﬁ AR R
ﬁ;i‘#'rn{ cud¥sos or B .3,’3’.{'1@#:41‘.}; JUEATIY WHOE TR (LMK TE TX xivepiird, Koy Teure J’h}- Koty BF TEEAE
Ty wrr,tr ] ntirﬂ: WITEE Ry EF THEi; THF UISET. Erh_ﬂm I‘?l oy UKL ﬂg'ﬂ;‘ JAN HE T kirer oe b .'E'nh}
T ok lmwv.ﬁﬁm-?:m kc. Ariftet. Phyl, lib. 4. c. 7.

Cc vacuum
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vacuum, with which he was occaionally prefled by fome
learned mf:n of his own time. He f{uppofes a number of {olid
iphﬁrﬁs to be difpofed in the form of a circle, and all of them
In conta¢t. One of thefe {pheres cannot be moved forward
in the circle, without moving all the reft ; fo that the place
of the fphcre firflt moved fhall be 1nﬂantaneouﬂy {upplied
by that next behind it: and thus the motion may be con-
tinued, though there is abfolutely no void interval between
any of the fpheres ©. We have an example of this, when
we glvf: a circular motion to water or mercur}' contamed n
a cylindrical veffel : the parts, though in motion, will ftill
preferve their conne&ion, and will occupy ho more fpace
than when they were at reft. The motion we are now
fpeaking of being vortical, yielded an illuftration moft a-
greeable to the phyfical plan of Def-Cartes : but a motion
in the {feveral parts of a plenum, is by ne means limited to
the form of a werzex ; for when a liquor is fermenting, an
inteftine motion is generated among its parts in all dire&iuns,
which will continue for fome days; and if the hquor is fet
to ferment in a tranfparent veffel of glafs, the fight is very
curious. How very ill the continuance of fuch a motion
agrees with the vulgar inference from the zbeory of rq?ﬁaﬁmr,
I leave the mathematicians to confider.

From Ariflotle, let us go next to Hippecrates, a man al—
moft deified for his knowlege by thofe of his own times,
though he was not the mafter of any particular feét of phi-
lofophers. He had enriched his mind from the experience
of earlier times, and derived a confiderable part of his own
{kill from a diligent ftudy of nature, His opinion in general
may be learnt from the following- paffage ¢ The element of

* Du Hamel de confenfu Vet. & Nov. Phil. p. 328.
(11 ﬂi’-
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¢ gir has a dominion over the human body, and is the prin-
% cipal fource of all things that happen to it, whether good
‘“or bad. Its power and influence deferve well to be accu-
‘¢ rately examined ; for wind is no other than a current of
‘¢ air, rolling along in impetuous waves, which are {o vio-
‘¢ lent as to tear up trees by the roots, raife the waters of the
‘“ocean mto a ftorm, and overwhelm and fink the largeft
“veflels to the bottom of the deep. Such and fo great is
‘“ the power it exercifes, though at the fame time it is not
‘“an objet of our fight, but manifeft only to our reafon.
““ What are the effeéts, to which air is not neceflary ? or in
‘¢ what place is it not prefent? All the fpace between the
‘ heaven and the earth is filled with it. It is the caufe both
‘ of the winter and the {ummer. In the winter, it is con-
‘“ denfed and cold; and in the {fummer it is mild and ferene.

¢ The fun, moon and ftars are dire@ted by it in their courfes;

“for air is the aliment of fire, and fire that is deprived of
% it becomes extin& : {o that the fun itfelf has a perpetual
‘ motion by means of a pure and perennial air. The fea
‘itfelf is impregnated with this element, becaufe the inha-
¢ bitants of the water cannot {ubfift without it: in a word,
¢ it fuftains the moon in its orbit, ferves as a vebicle * to the
“earth, and no place is void of it +.”

« * Oymue, which is the word here, being rarely ufed for any thing but a carriage msvimng
land or water, for all the kinds of which it'is a general term (as fee Yul. Poll. Ono-
mafl. lib. 1. c. g, lib. 10. c. 12) fhould imply a motion in the earth : but I know not how
to reconcile this with what goes before, concerning the douss ais or nwr:ﬁ of the [un,
unlefs we fuppofe Hippocrates to have alluded, not to the motion of the fuhs h?@}', but
the emiffion of his /izht, to which the word axwes hath fometimes been applied. Thus in
Mimnermus @ e it it faid — oows 7 sm mr madiarey nidios ; guamdiu fuper terram {pargitur
Jol' 5 which muft fignifie the lght of the fun, as furely as Homer meant the light of the
mnrning, where he fays--—-- Has peor sgenomrmies sxidraly waoms 4w aectr. And Sai'rd".!if-’, the
Greek philofopher, obferves yet more exprefsly ——- Tev nam v cQargue, 2y ™y axe ™3 Qo

poe; exmie HAION o susnFec xghoupin. De Diis &3 mand. cap. 4.
+ O0vlys & [2ne) LN GTr Er EWES TP WF.&TT#.%THr dvveen;

Hippse, de flatibus. p. 1. y
g THI1s

T4 = xirior d¥ oudEr 15Iv THTY.
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Twur1s author having aferibed fo much to the air, you
may fufpe@, perhaps, that he has left no room for any
other phyfical agent. He {peaks, however, as explicitly in
other places of an univerfal fire; and particularly in his
book @e dieta, wherein he affirms, that this element ¢ dif-
¢ pofes all things in the body after a manner proper to itfelf,
“and according to the f{imilitude of the univerfe, fo that
¢ {mall things are like to great, and great to {mall : that it
¢“js moft powerful, hath an wuniverfal dominion, and go-
¢ verns all things according to the order of nature; while
““itfelf is filent, invifible, imperceptible in its operations, and
¢“in perpetual agitation *,” | ' y

Tuus far we have followed Hippocrares as a naturalift.
If we confult him as a theologift, he will tell us, that ithis
fire is divine and intelligent, endued with mind, reafon, and
wifdom 4, and to be underftood as the fountain of thefe
to all other beings! he confefles himfelf to have believed,
that what is called Aear, is immortal and omnifcient, capa-
ble of hearing and feeing, and acquainted with all things
both prefent and to come. This, he adds, is what the an-
cients underftood by @zher{. He {fpeaks of the a# in the
fame ftrain, as endued with #nd and wnderflanding, giving
Jenfe to the brain as well as motion to the limbs ||.

* Nawree dringepncalo ngle oxer avtasanly v b -cupem ve TITP, wwa pignmy Tou Ohov, [oixge
RS PAJEAK, xey EAJaA @E0S. pLikgsE. lavgolavor wug, emig TerTHn % vrry, JHToY RERITE
woels Puoy wboor xey eder xey Jawee oudingrs ergiplov. Hippoc, de ghﬂa. P11

+ Ev 76Ty Juyn voos Peornams. Lbid. -

I Nw 5 wowe Pordvopioy MUTOS SLENUTH GYapces” e I g8 & mgEALogeErer 'Ettgpur wrxyy BB, Xl
Yoliy TRYTE, Kok lagl:;u Koy MAQUEEE’ Kef Hh.ﬂtf TesTH T nr& xotf LEBMOFTH lﬂa%' HIP-IWJI' FIL TR T
Soscsavary o TTach ceens m‘}!y Hl':ﬁpd'!. de carnibus, p- I.

“ Ang=——nimiay 5 Tov Syxiaior — Ty i;ﬁ{-lﬂjﬂl xet) THY XINTY ToidT pAAETT THPINH. De Mdfﬂ'ﬂjﬂfﬂ.
P 89, fs ™ owps oxidvatey o wng, xglaehimr tv o sfxspaie swvTew T wxpele, xay om s An Proripgr T8
eh| ?pug.l'ur ixer. Jéid, p. 93,
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THais dogrine opens to us the whole {ecret of the pagan
idolatry. The philofophers of the heathen world were well
acquainted with the influence of thefe elements over all
other things; and being ignorant of the true and living God,
judged it to be impoflible that air and fire could perﬁ)rm
- fuch wonders, unlefs they were divine ; and therefore wor-
{hipped them univerfally, ‘as immortal and intelligent. This
is the error, which P/ f0, having by fome ‘means obtained
a better light, fo clearly condemns, in that memorable paf-
{age, where he fpeaks of phyfical caufes. But it was an er-
ror {o deeply rooted, that this fublime philofopher himfelf
was not altogether free from it.

Puurnurus the mythologift confefles plainly enough
that the Fupirer and Funo of the Greeks were fire and air ™
The former he defcribes as the foul of the world, and ima-
‘gines the human foul to confift of the fame fubftance. Their
-exmbonos Apollo, in the utmoft fublimity of its meaning, did
certainly exprefs nothing higher than the /ghs of the fun;
s it is evident from all the epithets and attributes afcribed
to this deity by the ancient poets and mythologifts. Macro-
bius with a great compafs of learning, and as great an ap-
pearance of truth, reduces all the gods of the Gentiles to
the various effeéts and operations of the fwz. If the reader
fhould have any defire to be farther acquainted with thefe
things, 1 would recommend to his perufal the treatife of
Phurunutus upon the narure .qf the gods, and a part in the

* See the 2% and 3 chapters of his book de Natara Desrum --— Ignis enim, id eft Fu-
P:far &c. Fulgent. Mythol. lib. IIL. €. 7. --—- Fune pofita eft in fimilitudinem geris. An-
tiqui enim ipfam Jowss, 1d eft Jgnis, uxorem & fororem dixerunt, Albricus de Deor.
imag. cap. XI.

Tum Pater omnipotens foecundis imbribus AATHER
Conjugis in gremium lete defcendit, & omnes
Magnus alit magno. permiftus eorpore; feetus.
Virg. Georg. lib: II. 326.

et
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firlt book of the Sarurnalia of Macrobius, from the begin-
ning of the feventeenth to the end of the zwenty 2hird chap-
ter: from all of which, he cannot eafily fail of imbibing
fonie tafte: forthe:s heathier in; wthology 5 a branch of the an-
cient learning, very curious in itfelf, and not without its ufe-
fulnefs, when it falls into proper hands.

A's the Greeks borrowed both their learning and their re-
ligion from the Egyptians, it is h1gh1y probable, that the

phlh}fc}phy and theology of that ancient people muft have
coincided, even from the earlieft times, with thefe placits of
thie Grecian fages. And this is confirmed by the moft early
account we have of the Egyptians, in the facred writings.
For the miracles in Egypt {feem to have been chiefly calcu-
lated to affert an over-ruling power of the true God, and
diftinguifh it from the above-mentioned philofophical ﬂb_}e&s

of the heathen worfhip, which were no other nor better

than the works of his hands, though ignorantly and pro-
fanely dignified with the exalted attributes of omnifcience
and eternity. The Lord is faid to have executed judgments
upon the gods of Egypt* ; which I cannot but fuppofe to
have happened, when their Zighs was turned into darknefs ;
the wind brought locufts, and {cattered the afhes of the fur-
nace over the whole land; the heavens {ent down a ftorm
and tempeft upon them, and fi7¢ ran along upon the ground,
devouring and laying wafte the fruits of the earth.

TueEesE elements they worfhipped, not, according to
- Plato’s excellent diftinction, as fecondary inflruments in the
hands of God, but as the primary caufes of all things, and
the {fupreme Governors of the world ; denying and rejeéting
the fupremacy of that God of the Hebrews, who created

* Numb, 33. 4. See alfo Exed. 18. r1. which is very exprefs.
the

1
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the world in the beginning, does now f{uftain the powers of
nature, and will at laft overthrow what they vainly believed
to be immutable and eternal. It does not fall in with my
defign to fay any thing of the other miracles ; though they
may eafily be accounted for from fome circumftances in the
hiftory ; whence it will appear, to thofe who confider the
cafe attentively, that this cruel and oppreflive people were
pﬂmﬁgd by the very things wherein they had offerded ; as it
‘was obferved Jong ago by the author of the apocryphal book
entitled zbe wifiton of Solomon ™.

Tue philofophy of the more modern Egyptians is hardly
to be collected from any exprefs teftimonies, involved, as it
is, under the obfcurity of emblems and hieroglyphics ; which
thofe who have undertaken to explain, as Horapollo, Pie-
rins, “Kircher, and others, appear to have underftood but
very tmperfe&ly The fafeft way, therefore, is to collect the
general intention of it, from what the moft early philofo-
phers of Greece borrowed from them: the fubftance of which
we have feen already.

* Seec chap. 11. v. 6, 7. 36,

CHAP
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CHAP . L.
Some obfervations on the remains of the Chaldaic philofophy.

F the Chaldaic philofophy there is little remaining,
| but a few fragments and mutilated paffages ; in which
however there are fome valuable hints, from whence a to-
lerable idea of it may be collected.

In the oracles of Zoroafler *, mention is made of an
harmony or zelody of the =ther, of the {un, of the moon, azd
of all things that are furrounded by AIR +. Whence it is
clear enough, that the ancient Perfians and Chaldeans had
no opinion of a vacuum ; having thus filled all fpace with
airy and what they called an a//-mourifbing cether, to which
they joined an nrelligent and life-giving, fire f.

Some moderns, who have refined upon the theology of
the pagans, and interpreted their creed fo favourably, as to
make it differ but little from the ¢briffian do&rine, have
{uppofed. they worfhipped fi7e, only as an emblem or image
of the deity, as the romaniffs make ufe of pictures to en-
liven their devotion : but the contrary is ftrongly to be fuf-
pected, from the a#zributes they afcribe to it. For this fire
is no dead image of a fuperior intelligence in the Deity, but
is afferted to be enduéd with an intelligence of its own ; it is
ITup vogpow, mup (:mnrp'ﬂijw, wUp PeLivoy, '-:»u;@ Yoo m'?g'@-’-—-—- aJovelTos TE e,
xa) Guns Seamomns e — Intelligent fire, life-giving fire — [plen-

* Inferted in Stanley's lives of the philofophers, from Franciftus Patricius.
t RAifprme pesrns, weavew 75, eraben; TH, mey som wick qurierTHy.
I Masrrerfedov ajpr; ——= ZunPoger Iug.

did
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did fire, the foul of the father, remaining immortal, and the
Lord of life — which expreflions are too high to admit of
any thing {uperior. You may indeed render g by the word
intellettual, which will give a different fenfe; but from the
whole tenor of thefe oracles, fuch a conftrution would be
unwarrantable, .

I hope I fhall not ftand in need of an apology, “for wan-
«dering thus into the depths of the theology of the heathens,
while I profefled only to colleét their fentiments on #atural
philofophy. For it is confpicuous enough, that philofophy is
-here {fo metamorphofed into divinity, that it is {fcarce poffible
for me to feparate them. With thefe unenlightened idolaters,
wife enough as naturalifts, but miferably blind and ignorant
of things fpiritual, God and the wor/d were but one and
the fame thing; and this perfuafion gave birth to the whole
Icience of affrology, for which the Chaldeans were fo much
famed: fo that if we defire to obtain their judgment on
nature, we are under a neceflity of taking their theological
doctrines along with it. I muft therefore beg leave to go
on a little farther upon the fame plan, as there is fomething
in thefe remains of Zoroafler, worthy of being brought out
to the light.

His philofophy included in it a kind of phyfical trinity,
which is evidently made up of the powers of nature, and
will ferve to teach us, whas he {fuppofed thefe powers of na-
ture to be, even the fame as we have already found and
eftablithed from experiments: It was a principle of this phi-
quﬂPhEI', that — Hawmn o xoope  Aape Teas, ns Movas epryvs —
a triad [bineth forth throughout the world, over which an
unity prefides. This monad or unity muft fignify the fun;
the Affyrians (that is, the Chaldzans) according to Macro-
bius, having worfhipped him under the name of 4dad, which

' Dd name,
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name, as he tells us, fignifies ome or umity . As to the
triady 1 thould defpair of unravelling fo great a myftery,
had not another fragment of the fame Zoroafler preferved its
interpretation —

igpos [Tpwtos dpopees, o & apa peomw
Hepios, meimos aM(@r os @ Tlopr 7w pvdova JuAwwe

As thefe were undoubtedly defigned for bexameter verfes, a
word is plainly wanting at the beginning of the firft line,
which according to the fenfe, the meafure of the verfe, and
the poetic dialect here made ufe of, muft have been Herw; +
the fenfe of the whole therefore is this — Zhe Jacred courfe
ty" the fun, or light, is the firft power 5 in the middle there
is an aerial power ; and a third is rém‘ which cherifbes #5'&
world with fire.

Exprerience will teach us, that natural effeds are im-
mediately governed by thefe inftruments of the divine: power;
and the ancients appear to have been well apprized of it.
But what a miferable ufe did they make of this valuable
treafure when they had got it ! Here they ftopt: this phy-
fical triad, by a ftrange perverfenefs and abufe of reafon, fur-
nithed them with a pretence for denymg that {upreme power,
which gave birth to all things, and is of a nature mdcpen-
dent and diftin& from the world of matter.

O the contrary, the fathers of the chriflian church,
having fhaken off the prejudices of paganifm, and being
better informed by divine revelation, were always very fe-
vere upon the Gentiles for difhonouring God by that vain
philofophy, which {fuppofed him to be coequal and coeval
with- matter, a foul of the world, a zertium guid made up

* Saturn. lib. 1. c. 23.
t Agemgs naww is the phrafe ufed by Hippocrates. fee p. 207.

of
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of matter and intelligence *. Among the reft, Epiphanius,
a learned and eloquent writer of the ﬁaﬂé century, has
fome remarks in this way upon the various fects of the Ge:w-
tile philofophers +; and was fo happy as to refcue this phy-
Jical trinity from the ethnic abufes of i, and apply it to its
proper ufe, as an emblem and fhadow of the divine perfo-
nality. Speaking of the coequality and co-¢ficiency of the
Jacred trinity againft fome of the primitive heretics, he fays
— Are not thefe three perfons to be underflood by every one,
as they are appofitely revealed to us by light, fire, air; and,
I think, by fome other fimilitudes alfo cgf vifible :ﬁz;;zg: as man,
whofe uﬁd&?ﬁamﬂmg is thus miniftred unto, is found worthy
o recerve them T @

As I have endeavoured, upon another occafion, to give fome
prunf that my concern fur this facred and fundamental doc-
trine of our religion is very fincere, I could not help fpeak-
ing of this, as an hint to ground an argument, or rather an
illufiration upon from zature: and am perfuaded it might
be improved, very much at large, to the entertainment and
fatisfaction of thofe, who can take delight in {o {fublime and
delerving a fubje&. But as I do not admire digreffions, I
muft content myfelf at prei?:nt with only propofing it, as
an article both ancient and curious ; and leave a more par-
ticular profecution of it, either to another hand, or at leaft
to another opportunity.

* Quid enim aliud eft natura, quam DEUS, & divina ratio toti rnuntln & partibus ejus
inferta? - Seneca de Benef, lib. 4.

+ Epiphan. Op. vol. L. p. 12. edit. Colon.

1 Ouxyy Tk TaUTE arTs sqoesm wkiwg Pox iy, wptus tmvTe ETONEAVT |6l ag, Mug, wvalpy”
xoy WS oiey opRTTaY opeiRaTar, xgdus w58 o Blgxarevpires aspaT Id. vol. I. p. 891.
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N A LY,

Some extralls from two authors among the Latins, Pliny and
Seneca: with fome reflexions on the Democritic [fyflem.

MON G the Latins, there are fome pieces ftill ex-

tant, which treat mfefﬁdl}r of nature ; as the zaru-

ral biffory of Pliny, and t i natural queffions of ‘Shizea ; the

latter of which 1s the moft c:cmplea.t work of the kind, that
is come down to us from antiquity.

Priny was certainly no friend to a wacuum; he rather
chofe to follow the _]udgment of earlier times, and under-
ftood the heaver and the air as two names for one and the
fame thing *.  And left we fhould miftake his meaning, he
{ubjoins, that every {pace which /loks like a vacuum, is in fak
a promptuary of this element. The earth and the planets
float in it, and are fupported by the ﬁrength of it: it paffes
through all things, and makes a part in the compofition of
all bodies +. _

» He relates it as the opinion of P{:ﬁdﬁmm, the mathema-
tical preceptor of Cicero, that the region of the winds, clouds,
and vapours, is extended to about 40 fladia above the level
of the earth’s furface ; and that thenceforward, throughout
the higher regions, zhere is a pure and liguid air, with an
undifturbed light 1. It is worth remarking, that this ancient

* Ceelum appv:]]averc majores, quod alio nomine aera : omne quod inani fimile vitalem
hunc fpiritum fundit. Plin. Nat. Hift. lib. 2. c. 38.

t+ lbid. c. 5. & 6.

1 Pofidonius non minus quadraginta ftadiorum a terrd altitudinem effe, in qui nubila ac

venti nubefque proveniant. Inde purum liquidumque & imperturbate lucis aerem. Jbid.
€ 23

geometer
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geometer hath fixed upon the altitude of 40 ftadia (which
make nearly 5 Iralian miles) for the extent of the atmofphere;
this being the very quantity that comes out, if equal {paces
in the atmofpherical column fhould correfpund to equal paits
in the column of the barometer : whence it feems not im-
probable, that he was poflefled of fome experiment for dif-
covering a counterpoife to the preflure of the atmofphere,
though his inference from it was not fo correét as it ought
to have been.

In regard to fire, Pliny aflures us, it had never been
doubted, fo far as he was able to find, that the elements are
f;?ﬂ?' in number, and that fire is one of them *. This fluid

is prefent in the human body, in wood, in ftone, and even
in water itfelf. Nature is fo replenifhed with it, from the
immenfe fire of the fun and ﬂ'ars clouds, burmng moun-
tains and fiery exhalations from the earth, that it ought to
be efteemed as thie greateft of miracles, that a fingle day
fhould pafs without a general conflagration of the uni-
verfe +.

AxotHER phyfical writer among the Romans, is Seneca ;
who afferts poﬁtlvely enough, that there is no {uch thing as
a vacuum in nature}: that a medium muft be concealed
within the moft /o/id bodies, becaufe found would not other-
wife be zranfmitted through them, as it certainly is ™. Some
philofophers would be objeding, that a bird could not fly

through the air, unlefs there were a vacuum between its par-

* fhid. c. 5.

+ Excedit srqﬁﬂn omnia miracula, ullum diem fuiffe, gue nom cunéla conflagrarent. 1lbid.
¢. 107. fee the whole chapter.

£ Nihil enim ulquam inane cft. Nat. Quatt. L 3. c. 16.

** Vox autem qui ratione per parietum munimenta tranfmittitur, nifi quod folido quo-
que aer ineft. Jbid. 1.2. c. 9. This is one of Du Hamel’s arguments for a fubtil ather,

H';: favour of Des-Cartes ; and more, I believe, might be faid upon it, than he was aware
ol

ticles.
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ticles. Senmeca affirms on the other hand, that the feveral
parts in a line of matter cannot poflibly affe&t one another
without continuity ¥, a pofition, which excludes the whole
{yftem of immaterial attrattions and repulfions: and that
the continuity of water is no hindrance to a free motion of
folid bodies in it ; becaufe it is the nature of fluids to yield,
and flow backwards with a contrary motion into the [pace de-
ferted by the moving body. Upon which confideration, there
is no necellity for an nzer/per/ed vacuum +.

Or the ai7, and its influence as a phyfical caufe, he {peaks
nearly in as high a ftrain as Hippocrazes himfelf. He goes
{o far, as to impute the cobefion of our bodies to it, and there-
fore muft undoubtedly have been acquainted with the pref-
fure of the atmofphere, of which the ancients are fuppofed
to have been altogether ignorant . Where the atmolphere
ends, it was his opinion, that a purer @zber begins, and is
extended from thence to the {fun and ftars ||. And laftly, he
held, that what is called fire occupies the whole world ++.

W fee then, what hath been the general fenfe and doc=
trine of the ancient philofophers, concerning the operations
of nature. When I had determined to confult their judg-
ment upon this important fubje@, I perceived it was necef~
fary to confine mylfelf to thefe few leading queftions —
W hether they had found the world to be full or empty of mat-
ter 2 What ofhces they affigned to the different elements,- of

* Nunquam enim contexti, nifi per unitatem, corporis nifus eft; cum partes confentire
ad intentionem debent, & conferre vires. Lib. 2. c. 6.

t Aquarum quoque fimilis facilitas eft: nec de unitate illarum dubium eft, qua fic
corpora accipiunt, ut femper in contrarium aceeptis refluant ---- Nibil autem opus erit inani
admifle. Lib. 2. c. 7.

1 Effe autem unitatem in aere, vel ¢x hoc mtc]ljgl poteft, quod corpora nofira mrer Je
cobaereant. Quid enim aliud eft quod tenet ea, quam fpiritus? Jbid. c. 6.

I Lib. 2. ¢. 14. lib. 1. c. 2.

t+ Dicimus autem ignem efle, qui occupet mundum. Lib. 3. c.13.

which
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which the material world confiffs ® And, to what caufes i
[pecialy they thought fit to afcribe the immediate production of
natural effe@s? Had I not thus prefcribed to myfelf fome
certain limits, my enquiry had been both endlefs and un-
meaning ; and the defign of the prefent work being fuch,
as to include only the caufes of motion, or firf} principles of
natural philofophy, it would have been impertinent to have
followed the ancients farther than I have done. The main
fubftance of what I have extrated from them, agrees fo
well with what we had obtained before, by an examination
of nature itfelf, that the conclufion, at the end of the pre-
ceding book, will never be fufpedted of move/ty, by thofe
who have had patience enough to follow me through the fe-
veral articles of this collection; and fome, perhaps, may be

led by this courfe to entertain a better opinion of its zruzh,
Burt it now behoves me to confefs, that the ancients have
been applied to for their fuffrage in behalf of fome princi-
- ples, widely different from thofe, for which I have here been
pleading. Dr. Clarke, in his fecond reply to Mr. Leibnitz,
thought proper to infert the following oblervation — ¢ Many
¢ ancient' Greeks, who had their philofophy from the Phe-
¢ micians, and whofe philofophy was corrupted by Epicurus,
“ held in general matter and vacuum ; but they knew not
¢ how to apply thofe principles by wathematics to the expli-
“ cation of the phanomena of nature”” Who could thefe
Grecks be? Neither Pytbagoras, nor Plato, nor Ocellus Lu-
canus, nor Thales, nor Zeno, nor Ariffetle, whofe names
were moft ancient and famous in natural philofophy, are
found to have acknowleged thefe principles. But he that is
aware of Dr. Clarke’s manner of reprefenting things, will
not be furprized, when he difcovers, that thefe many ancient
Greeks were the Democritic atheifts; who by the help of an
: internal



216 THE JUDGMENT OF ANTIQUITY &e.

internal power or gravitating force in atoms, and a vacuum
wherein thefe atoms might have room enough to move with-
out being refifted, had dextroufly contrived to account, as
well for the formation as the prefervation of the world, with-
out a divine providence. If the cleareft teftimonies are of
any weight, the brains of Leucippus and Desmocritus were
firft delivered of this philofophy. Such as it is, you have a
copious account of it in Laertius’s life of Epicurus, and
in the poem of . Lucretius ; who, in defence of his vacuum,
wifely argues againft a fa¢Z, becaufe he could not underftand
how that fhou/d be, which really # *. This {fyftem included
fome fubtil {peculations, concerning the fizes and figures of
the firft principles of bodies, and the appearances that may
arife from them, which are not without their ufe: and
hence the followers of it had the denomination of Atomifs,
or Corpufcularians. This branch of their {cheme was pro-
bably very ancient and of good authority, and has, I believe,
been cultivated more or lefs by the philofophers of every age.
It was revived in a particular manner in the laft century ;
and Mr. Boyle, to whom we are fo greatly indebted, was
very fond of folving effe¢ts from {ome certain configurations
of the primitive particles of bodies. But how eflecs can
arife, merely from a configuration of the parts of matter, I
fee not: and it feems as unreafonable to form a folution
wholly and altogether upon fuch a fpeculation, as to deduce
the demolition of a fort from the /pherical figure of a can-
non-bullet ; which indeed is of a form, fitted for its flight
through the air, as it comprehends moft weight under the
leaft furface; and of a fize beft adapted to the cylindrical

cavity of the gun: but muft remain ina&ive within it, till

* Lucret. lib. 1. 1, 371, Dllud in bis rebus, &c.
it
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it receives motion from a proper agent, the confideration of
which is infinitely more important than the figure of the
bullet, though that alfo is by no means to be neglected.
Tuus far the Democritic method of philofophizing might
be both ancient and innocent ; but this, I prefume, was not
the part upon which Dr. Clarke fet a value, as he did not
think it worth mentioning ; nor could it indeed be of any
fervice to the argument he was upon. It recommended it-
{elf to his attention, by its doétrines of a vacuum, and an
inherent quality of motion in the parts of matter; by which
it differed from the beft and moft univerfal philofophy of
antiquity, and was diftinguifhed as a foundation for athei{m.
Tre derivation of its pedigree from Phewnicia is alto-
gether groundlefs, and is {ufhciently retuted in what we
have feen already; as alfo by what is affirmed of Zhales,
the fir/# among the Greeks who travelled into that country
in fearch of natural philofophy, and maintained, that zhere
is no fuch thing as a vacuum in the world. Plutarch, who
informs us of this, adds upon the occafion, that a// phils ﬁ-
phers, but the Atomilts, who denied a pra-um’emce, agreed in

this doftrine *.

* De placit, philof 1. 18.

Ee GolHA =B
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© A REP AU

The [fentiments of the moft eminent of the modern writers
Sfubjoined to thofe of the ancients. '

INCE the {uppofed difcovery of a vacuum, fome have
S confidently afhrmed, that natural effects are no way to
be accounted for, but by the power of the Deity immedi-
ately interefted : and either the reafon of man, or the rea-
fon of things, is fo altered, that what did ferve formerly as
a ground-work to atheifm, is now recommended as the only
{ure foundation of natural religion ; as if it were impofiible
for God to a& by fecondary caufes, without tempting us to
believe, that fuch caufes were able to contrive and frame a
world without his interpofition. Thofe who objeét to fe-
cond caufes, upon any pretenfions to religious motives, muft
imagine furely, that matter, if there is but enough of it,
can move, act, and think, by its own nature.. If it cannot,
we are in no danger of excluding a divine power, by filling
the heavens with a fluid medium : if we {ufpeét that it can,
then we make ourfelves materialifts, that is atheifts, in or-
der to confute atheifm more effe¢tually. So that this triumph
of natural religion over atheifm, is either aftected, to ferve

{fome Aypothefis, or grounded upon too hafty a judgment of

things.
A infallible criterion of fimple and abfolute atheifm, is
the exclufion of final caufes. 1f you can fix upon two or

three of thefe, which are clear and beyond difpute, as that |

the eye does not fee 4y accident, but was contrived for feeing,
and
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and fuch like, you anfwer all the atheifts that ever were or
ever will be; who are no better than fots and ideots, if they
can ftand out againft the teftimony of their own fenfes.
For you prove, by a fingle ftep of reafoning, that there is a
divine mind or wifdom, that hath wrought with a view to
certain exds, which it hath attained in the moft perfe&t man-
ner. This topic is well purfued by Cicero, in a beautiful
“and mafterly draught of the wifdom and defign that appears
in the various works of ‘the creation. It makes a confider-
able part of his fecond book de naturd deorum : and in my
opinion, this difcourfe, fo far as it is a confutation of atheifm,
is abundantly fufficient for that purpofe, and compleat e-
nough in its argument, without any farther additions.

Bur all this, though unexceptionable and unanfwerable,
is obvious (as it ought to be) to every capacity ; it is plain,
ealy, and old-fafhioned : therefore all men are not pleafed
with it. If you will follow their new prefcription, you muft
bring yourfelf, in the firft place, to believe @ vacuum; the
fteps to which are not underftood by one in a thoufand :
then you are to remove the notion of aé?w in diftans, which
in the laft age had fome great authorities on its {ide : then
you arrive at this conclufion, though not without a confider-
able firide, that God himfelf is the fole agent, to whofe im-
mediate power, exclufive of all fecondary agents, the loweft
effects in the world are to be imputed. And if thefe things
are fo, then it follows, that there is a God, and you triumph
over atheifm. But in the mean time, if your foundations
fhould be weak, and experiment thould overthrow your ar-
guments for a vacuum ; the capital truth of natural religion,
as you have contrived to ftate the matter, will be in a very
precarious fituation. No good, therefore, can accrue to re-
ligion, from z4is method of confuting atheifin; and fome

Ee 2 danger
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danger is always to be apprehended from new and emplrlcal
projeéts in divinity. |

O'r this the excellent Lord Bacon was truly fenfible: and
there is not, in the whole courfe of his writings, fo heavy a cen-
fure, as that which he thought proper to pafs upon the er-
ror now before us. ¢ Certain it 1s, (fays he) that God work-
“eth nothing in NATURE but by SECOND CAUSES :
“and if they would have it otherwife believed, it is mere
“ impoflure, as it were in favour towards God; and nothing
¢“elle but to nﬁer to the author of truth thE unclean ﬁz—
1 fry&"f of a Jie *.

It is ﬂbferved by the fame author, with that brightnefs
of expreflion, fo familiar to him upon all occafions, that
“« heat and cold are nature’s two hands, whereby fhe chiefly
“ worketh +.” 'The nature of cold in particular, he propofes
as a thing worthy the inquifition “both for ufe, and difclo-
¢ fure of CAUSES$.” And he does not feem to have be-
lieved, that cold is a mere privation of fubftance; but ra-
ther, that itis “active, and tranfitive into bodies adjacent, as
‘ well as heat **.”” Gilbert, the magnetic philofopher, hav-
ing poffeffed himfelf, as he thought, of an aztraétio in diffans,
had publithed the doétrine of an abfolute vacuum in the
{paces between the celeftial orbs. The Lord Bacon, on the
other hand, had formed to himfelf ¢a theory, according to
““which, all fpace is filled either with an aerial or fiery
‘““ nature ++.” He denied alfo, ¢ that the pores or cavities
“of tangible bodies admit of a vacuum; but that they

* Adv, of Learn.

+ Nat. Hif. Cent. 15 Ne. 69g.

1 fhd.

** Jbud.

1 Theoria noftra negat vacuum illud coacervatum Gilberti inter globos fparfos, fed
fp.ma vel dered vel flammea naturd repleri. Thema Cerli.

contain
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‘ contain either a7, or a {ubtil /pirit proper to their nature
“and difpofition *.”" Of this {pirit he treats, as of a material
caufe ; rejecting all thole pretended folutions, as unmeaning
and unphilofophical, which are deduced from wirzwes or
qualities in matter, and with which the fchools in his time
did very much abound. ¢ Whatfoever is invifible (fays he)
“either in refpe& of the finenefs of the body itfelf, or the
“{mallnefs of the parts, is but little enquired. And yet
“thefe be the things that GOVERN NATURE princi-
¢“pally; and without which, you cannot make any true
“ analyfis and indication of the proceedings of nature. The
“ {pirits or pueumaticals, that are iz all tangible bodies, are
¢ fcarce known. Sometimes they take them for vacuum;
““ whereas they are the moft ative of bodies. Sometimes
“they take them for air; from which they differ as much
¢“as wine from water. Sometimes they will have them to
‘“be natural heat; whereas fome of them are cold. And
¢ fometimes they will have them to be the virtwes and gua-
$ lities of the tangible parts which they fee; whereas they
“are things by themfelves. And when they come to plants
““and living creatures, they call them fouls. And fuch fu-
¢ perficial fpeculations they have; like profpedives, that
¢{hew things inward, when they are but paintings. Nei-
¢ ther is this a queltion of words, but infinitely material in
“ nature. — As to the motions corporal, within the enclo-
“ fures of bodies, whereby the effec?s pals between the fpirits
“and the ranmgible parts, which are arefaion, colliqua-
‘¢ tion, concoction, maturation &c. they are not at all hand-
“Jled. But they are put off by the names of virtues, and

* Nullum corpus, nobis notum hic in fuperiore parte térre, fpiritu vacat ---- Neque
enim cava rerum tangibilium vacuum recipiunt ; fed aut acrem, aut fpiritum rek proprium.

Hip. Vit. & Mort, Can. 2.
‘¢ natures,
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¢ patures, and actions, and paflions, and fuch other logical
‘“ words. — It is certain, that of all powers in nature, heat
‘“is the chief; both in the frame of nature, and the works
€c qf ﬂ?"ﬁ %-_".I’ . .

Tuat Mr. Boyle was nearly of the fame opinion with his
great predeceffor, and always fearching for an explanation
of effects from fecond caufes, muft needs be known to thofe
who have-looked into his philofophical works, and in par-
ticular his biffory of firmnefs, where he attempts to derive even
the cohefion of folids from the preflure of the atmofphere.
For although he was unfuccefsful in this, it ferves to teach
us, what his general perfuafion was: and the induftry of
man, {till working upon the fame ground of fecond caufes,
may in due time be produéive of {fome better fruit.

D r. Cudworth, author of the intellectual [yftem, is one
of thofe many writers, who have condemned that pofition,
whereby God himfelf is made to be the fole agent in na-
ture, as improbable in itlelf, and unworthy of the Deity.
As his arguments appear to me to be worthy of confidera-
tion, I fhall here adopt, and fupport them with fome far-
ther obfervations of my own. Firft then, this pofition zhrows
down all diftinétion between God and nature, and turns every
ordinary effe&t into a miracle. Then again, it is not confif-
tent with tbat flow and gradual procefs in the genmeration of
things, which [bews the agent no# to be ommipotent, - A plant
will advance in its growth, eitBer more or lefs, as the feafon
happens to favour it: and if the heat and the air be with-
drawn from it, it will not grow at all. Is it credible, that
‘the divine power fhould be baffled and overcome by thele,
or any other difliculties? Yet this, impious as it may found,

* Nat. Hijl. Cent. I. N, g8. g9.
{eems

PR SR —

i e o e i b i e Bt



RN RTRRE XS FEM "OF*NATURE" 223

feems to be the neceffary confequence of fuppofing that
power to act in {uch a manner, as to {uperfede the ufe of all
natural inftruments.

Tre falfehood of this pofition is farther evident, from
thofe errors and accidents, whereby the formation of things
is frequently interrupted. Thele argue the agent not 1o be
irrqﬁ}fé!g 3 and that nature #s fuch a thing, as is not alto-
gether incapable of being [ometimes frwﬂra:m’ and difappoint-
edy by the indifpofition of matter *. It is a common obfer-
vation, that branches of trees, parncu]arly of the afh,« will
grow out of their legltlmate fthape, and become flat or fa-
fciated. The ingenious Mr. Flogarth has introduced the fi-
gure of a curious {pecimen of this fort into his analyfis of
beauty; where even the-aberration of natural caufes from
their proper {cope, appears to be producive of the greateft
elegance, but without utility. The like will fometimes hap-
pen to a ftalk of afparagus, if the foil is too ftubborn, or a
ftone lying in the way, chances to divert the growth of it.
And many other inftances muft occur to thofe, who employ
themfelves in infpecting the operations of nature.

- I is furprizing to fee, what varieties of figure, ftructure,
and colour, are made to arife in vegetables, merely through
fome change, either in the efhcient caufes of vegetation, or
the nature and difpofition of the materials they have to work
upon. Two wild plants of the fame fpecies fhall be found with
leaves of very difterent figures, only by growing many miles
afunder, where there is'fome difference in the air and in the
foil. 'And there are plants, which cannot be kept alive but
in their native air, how inclement foever it be; of which
we have one example in that large yellow violez, fo common

Intellectual fyflem. Book I. cap. 3. §. 4 &ec.
Upﬂﬂ
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upon the higheft and moft wefterly mountains of Derdy-

Shire.

Trose who follow the method of Linneus, and diftin-
guifh herbs into clafies from the various charadters in their
organs of generation, muft have had many opportunities of
oblerving fome confufion in the number of their flamina ;
{o that it is fometimes difficult for thofe, who are novices in
the art, to determine to which of his clafles a plant ought
to be referred. .

By the arts of cultivation, common among gardeners, the
beauty of a plant may be greatly increafed a4z zhe expence of
its fruclification : for the doubling of the flower obliterates
the rudiments of the feed-veflel, and defeats one end of its
being, by rendering the plant incapable of propagating its
fpecies by feed. This is {ometimes obferved to happen, even
while plants are left to themfelves in their native places. To
thefe we may add all thofe plants, which being brought into
England from countries nearer to the {un, are never com-
pleatly formed in this climate ; being always barren and with-
out feed, unlefs they are aflifted with hot-beds and ftoves:
and many there are, which even with thefe helps, cannot be
brought to any degree of perfection. |

Tue richnefs of the ground will very frequently occa-
fion fome unexpected appearance in plants that are moved
into it from a barren foil. The Herba Paris, a vegetable of
a fingular ftruéture, (fee plateIll. fig. 4.) is always found
with four leaves, as it grows wild in the woods. And this
form is fo general to the individuals of the fpecies, that in
its feveral names, a particular regard is always paid to this
quaternity of its leaves: Morifon calls it, folano congener non
ramofum tetraphyllum. C.Bauhine, folanum bacciferum qua-
drifolium : and to thofe who impofed the name Paris upon

it,
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it, I imagine, its four leaves regularly furrounding the ftalk,
and the fingle round berry at the top of it, fuggefted an
idea of Paris and the zhree goddeffes, with the apple of con-
tention in the midft of them. Yet this herb will depart from
its natural form, if it is removed into the richer foil of a
garden, and bear fix leaves, inftead of foxr. I have tried
- the experiment, and have fuch a {pecimen in my pofle(-
fion.

Taese things I thought it worth the while to fpeak of,
as fo many effets, which cannot with any fhew of reafon
or piety be afcribed to the power of the deity immediately
interefted. It is therefore moft agreeable to religion, reafon,
and experience, to conclude with Dr. Cudworth, that there
are agents or inftruments in the world, whofe powers being
only of a {ubordinate kind, may by certain circumftances
be made to vary in their effe@s, {o as to go fafter or {lower,
like a clock with different weights applied to it ; and to be
even fruflrated and difappointed in their operations by the in-
difpofition of matter. The wifdom of God will alfo be infi-
-nitely magnified, if he is found to bring about thofe things
by the mechanifm of {econd caufes, to which philofophers
have determined the divine power itlelf to be abfolutely ne-
ceffary. And we may hence derive the only rational encou-
ragement to a chearful and diligent ftudy of nature. The
caules employed are few and fimple beyond expreflion :
their effeés are infinitely various and wonderful ; and to
thofe who begin upon a right foundation, they will unfold
themfelves every day more and more ; nor will the labour
of man be loft in the purfuit, till he has acquired as much
knowlege of this fort as will do him any good in his prefent

ftate.
F f Ix
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In the judgment of that eminent experimentalift Dr. Boer-
haave, “{o great is the power, {o extenfive the a&ion, and fo
¢ wonderful the manner wherein fire acs; that it was anci<
““ ently held and adored as the fupreme God, by a nation re-
¢ puted the wifeft of all others. Thus fome of the chemifts,
¢ having found its extraordinary force, took it for an uncreated
¢ being ; and many of the moft eminent among them, attribu<
“ting all the knowlege they had acquired to this INSTRU-
«“ MENT, called themielves philofophers of fire; as think-
“ing they could not be dignified by an higher title. " ‘There
¢ is however nothing more wonderful in the nature of fire,
¢« than that while it is the chief CAUSE and PRINCIPLE
¢ of almoft all the effe@ts cognizable by our fenfes, yet it-
< felf is imperceptible by any fenfe; being fo incomprehen~
« fible, ‘by reafon of its extreme minutenefs, that ‘it eludes
“our niceft refearch; fo that with many, it paffes for a
¢ {pirit rather than a body *.” That the world fhould be fo
full of this fluid, and we fhould be fo little fenfible of it, is
indeed very aftonithing. But the wonder wholly ceafes with'
thofe, who argue, upon this account, that there is no fuch
thing : that if there were a plenum of fubtil @ther round
about us, we ought to move with as much trouble, as if we
were wading through an ocean of mercury. Now if you
were to tell an ignorant man, that if the greateft diameter
- of the trunk of his body is equal to 15 inches, he is prefled
downwards to the earth by a weight of more than three
thoufand pounds; he would hardly believe you ; but would
argue, that, in fuch a cafe, he ought to be cruthed to
death ; whereas he moves eafily, and feels no' impediment.
Yet this is known to be unqueftionably true, by thofe who

* Boerbaave’s chemiftry, by Shaw. Vol. 1. p.206.

under-
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~underftand the Jarometer, or have feen any experiments
with an air-pump. And what is ftill more furprizing, there
. is another agent, every where prefent, a column of which,
equal only to an ordinary ncedle in diameter, when in
motion through the body, fhall make you fenfible of as
great a force, as if you had received a blow upon the arms
with a {ledge-hammer; and the mulcles of the ftrongeft
man in the world can do nothing againft it. How does it
happen, that we can pafs a fingle day without being fhat-
tered to pieces? For if fo minute a column can exert fo
terrible a force, what are we to expect from a column that
has the whole body for its bafe? The reafon that we feel
no harm is this; that force is every way oppofed to force;
and none of it is perceived, while the eguilibrium is pre-
ferved. When that is by any means interrupted, an unex-
pﬁ:&ed force immediately difcovers itfelf. We fhew but little
expeneuce of nature, and as little gratitude to the author of
it, if we difpute againft the reality of a {ubtil medium, be-
cauﬁ': our lives are not rendered miferable by the force of it.
For God, with equal wifdom and goodnefs, hath put both
our bodies and this matter into a mechanifed ftate, fo' that
it fhall do us all the good that is required, without ftanding
in the way to do us mifchief. And this matter is what Dr.
Boerbhaave meant to {peak of under the name of fire.

Tue element of asr is defcribed by the fame author, as
“ an univerfal, ne;:E{Tary, and moft eflicacious #ffrument,
“ which nature is perpetually applying in almoft all her
“works *.”” Experiments, as he ingenuoufly confefies, often
led him to confider, ¢ whether God did net originally create
« fire, and pure elaftic air, and diffribute them through the
“ whole univerfe +.”

* Jbid: p. 387. + 'fbid. p. 420.
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To thefe authorities, let me add that of Dr. Berkeley,

the late excellent and univerfally-learned bithop of Cloyne,
whofe opinion may be learnt from the following extract —
¢« Without inftrumental and fecond caufes, there could be no
“regular courfe of nature; and without a regular courfe,
¢« nature could never be underftood. The order and courfe
“of things, and the experiments we daily make, fhew there
“jis a mind that governs and actuates this mundane {yftem,
“as the proper real agent and caufe; and that the inferior
“inflrumental caufe is pure =ther, fire, or the fubftance of
¢“light; than which, it doth not feem neceflary from phee-
‘““ nomena, to fuppofe any medium more acive and fubtil.
““ As for attrattion, it cannot produce, and in that fenfe ac-
« count for the pheenomena, being itfelf one of the pheeno-
“ mena produced, and to be accounted for. What is faid
«of forces refiding in bodies, whether attraéting or repel-
¢ling, is to be regarded only as a mathematical hypothefss,
“and not as any thing really exifting in nature *.”

Tue Abbe le Pluche, whofe ingenious and fpirited wri-
tings will give both pleafure and improvement to every rea-
der, appears by his productions to have laid in a large ftock
of experimental knowlege, with a competent degree of fkill
in mathematical learning. He has taken a liberty of follow-
ing nature and obfervation, as a philofopher at large, not
devoted to any {fe& or fyftem: and his enquiries, it feems,
have led him to this conclufion; that ¢ there are but three
¢« known fluids in nature, which by their continual a&ivity
““are the principles of all motion; and thefe are, light, fire,
““and azr.” How precifely does this paflage coincide with

* Siris. Art. 160. 154. 243. 234.
t Speclacle de la Nat. Vol. 4. Dile. 12, p. 119. of the Englif tranﬂatmn
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the judgment of antiquity ! The principle that was main-
tained as the fundamental truth in phyfics, above two thou-
fand years ago, by Zoroafler and Plato, difcovers itlelf again,
at this diftance of time, to a naturalift who enquires in a
proper manner. This coincidence would have happened
oftener than it has, if philofophers had conducted themfelves
as the {cholars of nature, and not as its mafters. For nature
is the fame now, as it was then; and experiment, duly con-
fulted, would fpeak the fame language in all ages. The fault
is in men; who by affeGting to furprize the world with
building things high and marvellous after a model of their
own framing, fall into confufion and felf-contradition ;
while they overlook what is truly valuable, becaufe it is
cheap, and common, and hath not an air of myftery and
darknefs {cientific.

THE conclufion of this celebrated author might, I think,
be deduced from premifes very plain and obvious without
any afliftance from Algebra, Geometry, Greek, Latin, or He-
brew. For what {cholarfhip doth it require, to be able to
diftinguifh, that /Zghz gives fight to the eyes? that air is the
breath of life? and that without f7e¢ or heat applied in its
proper degree, the blood is congealed, and the limbs are in-
flexible ? All this is evident to the moft undifciplined ap- .
prehenfion : for a man is no fooner born into the world,
than he makes moft of the experiments requifite for the ob-
taining of this knowlege; and he may challenge the moft
fubtle philofopher, to name that fubftance or fluid in the
whole univerfe, which can fupply the place of any one of
thefe. What then can be plainer, than that thefe, as the
Abbe le Pluche hath rightly affirmed, are the phyfical prin-
ciples of all motion 2 And where can the naturalift employ
his labour to fo much advantage, as in deriving efteés from

thefe
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thefe caufes? For although they are obvious to the vulgar
in many of their operations, the moft able difquifitor might
purfue them for a thoufand years, and find after all, that he
had left a great deal of matter untouched. _
- Tue phenomena of /ght were cultivated with equal in-.
duftry and fagacity by Sir Jfaac Newzson : and what a {cene,
does this fluid furnifh out to a contemplative mind, by the.
glorious variety of its colours, the amazing velocity of its
motion, its reflexions, refrations, and the incongceivable
fubtilty of its fubftance! After it had been examined and
re-examined by this great geometrician for many years: and
after the {peculum of Z#/letze had furprized the world, with
the effe@s of the folar rays upon bodies expofﬁd to the focal
heat of it; eleftricity, broke in upon us, as it were by acci-.
dent began a new epocha of philofophy, and difcovered
light to be a moft powerful and univerfal caufe of motion,
with which the whole world is filled; opening to us a frefh! .
ftorehoufe of effeéts, as inexhauftible as the {cience of optics

Manvy efte@s of the a4/ are {o common, and withal fo,
very important, as to be taken notice of by every writer on
natural philofophy. It is plainl}’ acknnwlege& as a material
caufe of motion, by thofe who i 1magme they get rid of fuch
things, if they can but exclude #be air from a glafs receives.)
Many things curious and furprifing eoccurred to Dr, Hales,,
when he undertook to analyze this element; and he difco-
vered, what others appear to have known many ages before,
that it makes a part in the compofition of all bodies; which;
derive their acivity from this fubftance,: {o artificially com—
bined with them for th %sat purpofe..

Witu the wondefs that reﬁ:ﬁt themfelves to us in a
natural hiftory of fre, any reader may become acquainted,
by perufing Dr, Boerbaave's incomparable difcourfe upon

that
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that fubje@. The feries of well-chofen experiments there
laid down, will open to him many of the powers and ufes
of that element, both in nature and art, and juftify the
higheft expreflions ufed by that learnied chemift in the praife
of 1t. :

- Or thefe principles much is already known; more than
enough to reward the labour that is {pent in fearching after
it, That much more yet remains to be known, I am in-
duced to believe upon mahy confidérations; and upon this
amongft the reft: that fome eminent men of late years,
who have been beft qualified to make difcoveries and im-
provemernts, have been unhappily pre-engaged to {chemes
of another kind ; and inftead of cultivating the knowlege
of thefe fluids, as the natural principles of motion, which
is the light wherein they ought to be underftood, have re-
garded all material inftruments as the common enemy, be-
caufe hurtful and deftru&ive to their fyftematical vacuum :
and if ‘any fuch thing has difcovered itfelf to them in their
refearches, it has either been ftrangled in the birth, or re-
prefented as an underling to the old gholtly principles of az-
traétion and repulfe; which have no meaning in themfelves,
and do effe@ually fhut the door againft all farther advance-
ment. If I wifh that thofe who are fond of natural philo-
fophy may fhake off thefe prejudices, it is only with this
view — that their labours in that delightful ftudy, may be
attended with more pleafure to themfelves, and profit to the
publick. |

G H A,
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CHAP. VL |
The judgment of the holy fcripture concerning the [yftem of

WNature.

HE mind of that man, who conceives {o falfely of

the divine oracles, as to believe that they maintain
any oppofition to true and ufeful learning, hath been de-
bauched by fome fophiftical reafonings, or debaled by grove-
llng and unworthy purfuits. They arm wus indeed againft
vain philofophy, and all the empty fictions of the human
imagination, which bring forth neither pleafure nor pruﬁt:
to thofe who are occupied therein. But then they invite us,
in the fublimeft ftrains, to confider the works of Gad, whufc
counfels and perfections, as they are difplayed in the crea-
tures, will ever be beft underftood by thofe who ftudy
them with humility and attention. Learning and philofophy
did never {hine more bright, than when they met together
with faith and religion in the mind of the excellent Lord
Bacon ™ ; whole opinion it was, that the wonderful works
of God do minifler a fingular help and prefervative againf?
unbelief and error. IF there are any philofophers {o void of
underftanding, as to regard the fcience of nature, only as a
tower of ftate for a proud mind to raife itfelf upon; and to
efteem themfelves as licentiates in incredulity, becaufe they

* If the reader defires to have a tafte of the Lord Bm:m s charaéter, from {fome ecc,
wherein the ¢briffian and the philsfopher are united ; [ would recommend his fiew a2
a difcourfe, which feems to h.wr. given the firft hmt for the eftablifhing of phﬂofuphical
academies in Ewrcpe, fuch as is the royal fociety of London, &c.

make
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make fome figure in philofophy ; it may poffibly do them
to look back upen the example of this great man,
who prelerved a mind untainted with the pride of herely or
infidelity ; and was not more to be admired for his extenfive
learning and expenence of nature, than for his theuinglcal
fkill, and penetration into the wifdom of the facred wri-
tings. ¢ Two books or volumes of ftudy (faith he) are laid
¢« before us, if we will be fecured Frmn error: firft, the
“ {criptures, revealing the will of God; and then the crea-
¢ tures exprefling his power, whereof the latter is a key un-
¢ to the former *.”’ Thefe two volumes being {o nearly re-
lated, I fhall conclude this treatife with a fthort and humble
enquiry into the judgment of the holy fcripture ; which the
all-wife author of it hath fo adapted to the exigences of
man in his prefent ftate, that the information it occafionally
gives us, concerning the vifible works of Ged, will warm
and improve the hearts of the moft fimple, while it con-
veys light alfo to the underflandings of the moft learned.

1. I~ the firft place then we are taught, that the fame
God, who created the world in wifdom, #phelds + it in
mercy ; that in him we live and move and have our being.
If the fun gives us light and warmth, it is s _fun, which he
maketh 0 rife on the evil and on the good. If the clouds
pour down their water upon our fields, to nourifh and bring
forward the fruits of the earth; it is he that fendeth rain on
the juft-and on the unjuft {. To him, therefore, the blefs-
ings that are difpenfed to us, in the ordinary courfe of na-
ture, are to be devoutly afcribed; as to the primary fource
of all life and motion. And this conclufion will be equally

* Adv. of learn. B. 1, + Hebr. 5. 3,
1 Mat. 5. 45.

G g true
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true, whether God is fuppofed to diftribute the benefits of
nature from his own hand immediately, or by the' media-
tion of {fome fecondary caufes of his own appointing ; for;
either way, the real government of the whole can terminate
only in himfelf.

2. Some will difpute againft the operation of fecond
caufes, as thinking it to derogate from the power of God,
that he thould fand in need of their affiffance. But they
thould remember, that God did not make the world becaufe
he himfelf ftood in need of any thing : it was for his own
good pleafure, and the benefit of his creatures: and with
. the fame views he eftablifhed the operations of fecond caufes;
he confulted ox» wants in this matter, and not his own.
For man is a compounded being, made up of different
parts, that claim a kindred with two different worlds, the
vifible, and the invifible, The part in him, which is na-
tural or bodily, muft be fupported by natural powers: the
{fuperior or fpiritual part, by God who is a /pirit, and whole
powers alone can poflibly extend to the wants of it.\ When
nature fhall fink, and the {piritual world open upon us, God
himfelf will then take the place of all inferior caufes *; and
even under the prefent ftate of things, a fpiritual interpofi-
tion is not wanting in the chriffian difpenfation: but then
it is calculated for the benefit of man’s /piréz; while his

body is ftill left to the ways of nature. To mifreprefent the

divine power and effence as a phyfical agent, isto confound
the two kingdoms of nature and grace; which, as two pa~

rallel lines, follow a like courfe, but can never be made to'

touch; and to lofe fight of that great and beautiful diftinc-
tion, an adequate underftanding of which, in all its branches,
would be the confummation of human knowlege.

* See Rev. 21.23.

3. HE
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. 3. Tue government of nature then, by fecond caufes,
- is moft fuitable to the real fiznefs of things. It is the courfe
- God hath thought proper to fix upon, as ferving beft to his
‘own glory and our good. Experience fhews it ; antiquity
«confirms it 3 and the feripture alfo, without condefcending
to treat of it minutely as of a {cience, hath declared it in
fuch language, as cannot be made to {peak any other fenfe
without art or violence. That this matter may be brought
‘to a fhort iffue, it will be proper to have in view thofe gue/
tions above-mentioned f, by means of which I kept myfelf
within a tolerable compafs, when I colle@ed the doétrine of
profane antiquity. And firft, let us atk with all fubmiffien,
whether the world, according to the facred account, s fu//
“or empty of matter. ‘
- 4. Wg have learnt from Pliny, that it was a cuftom with
‘the ancients, to give the name of Aecaven to the elements
-that fill the heaven — Celum appellavere majores, quod alio
‘nomine, aera: and again, quid effe mirabilius poreft aguis in
ceelo fantibus @ meaning the clouds {upported by the air*,
Cicero has a like obfervation: concerning the element of fire—
Ardor ceeleflis, gui ®ther; vel caelum nominatur+. Who then
-will be furprized, if the feripture, the undoubted {ource and
-original ‘of the heathen cofmogonies, and the moft ancient
book in the world, f(hould be found to {peak in the ftyle of
-antiquity ? And certain it is, that by the word firmament,
‘which:occursifo frequently, and by the beavens, when that
‘word. is' fpoken in a phyfical fenfe, thofe elements are to be
-underftood, 'whichare diftributed throughout the heavens.
For the' heavens are hiftorically treated of as a part of the
‘works of God; and it would be repugnant to truth, that

ot ¥ e v R
N T sk 'ae ' Nat Deor, lib, 2. ¢ 15, . § See page 214.
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what is nothing in itfelf but empty {pace, thould be declared
to have been wade and finifbed *. It may indeed be obje@-
ed, that by heaven is meant the vifible furniture of the hea-
ven, the orbs of the fun, moon, and ftars: but this could
never be the defign of the hiftory, becaufe the Aof? of beaven
1;-51 ?entionr:d apart, and diftinguithed from the heaven it-
elf.
- 5. Froum the new teftament we learn — that zbe beavens
being on fire fball be dﬁu’wd, and the elements fball welt
with fervent beat +. Whence it follows, firft, that the bea-
vens are smaterial ; they could not utherw:& be fet om
Secondly, that they confift of elements capable of a ae[rm
for the -terrefirial elements are not here to be underftood,
the earth alfo, and the works that are therein, being men-
tioned immediately after. And thirdly, that the conflagra-
tion of the great day f{hall be bmught on, by a total con-
verfion of the wxtherial matter into a devouring fire: a tra-
dition of which went abroad into the world very early. It
was taken up as a main article of philofophy by the Szodcks:;
and {eems not to be improbable in the eye of reafon, as it
pafled for the greateff of miracles with an beathen %, that
this univerfal conflagration had not happened already;
{idering how abundantly nature is furnifhed with the matb-
rials for fuch a cataftrophe.

6. Tuis fubflantiality of the heavens is farther conﬁrm-
ed, from the ufe and meaning of the word frmament,
which is fynonymous with that of Aesven. There is indeed
a vulgar doétrine, fuch as might accord well with the genius
of monkifh expofitors in the dark ages, when the folid
orbs of Ariflotle were in fathion, that the frmament, fpoken

* Gen. 2. 1. 4. + 2P, 3. 13-
% See p.213.
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of in the feripture, fignifies a kind of folid arch, or enclo-
fure of the world, like a cieling; in which the ftars are
placed, as fo many brafs nails, ftuck upon the inner furface
of an hollow fphere. The futility and falfehood of which
will appear from the application of this term. For the fun,
moon, and ftars, are faid to have been fet iz zhe firma-
ment : and no {yftem did ever yet aflign the fame {phere to
all thele bodies, becaufe our fenfes muft aflure us of the
contrary. What can follow then, but that the firmament
is a medium, extended from the region of the fixt ftars, to
the places of the fun and moon? It is farther faid, that
Jfowls, called in other places of the fcripture the fowls of the
airy and the fowls of heaven (which expreflions being com-
pared, will us, by the way, that the beaver and the
air are one thing in the language of the feripture) fly 7z or
wpon this firmament *. Therefore, it is extended all the
way from theearth, through the regions of the atmofphere,
in which the fowls fly, to the fun and moon, and from
thence to the fixt ftars and beyond. The margin of our
Englifb verfion has the word expanfion inftead of firmament 5
by which, as the moft rational expofitors agree, the ex-
panded ather, or diffufed body of the air is to be underftood.
And it was well obferved by Grotius, that the Chaldee pa-
raphraft upon thofe words of the 19™ Plalm — zbe firma-
ment fheweth bis handy work — gives this interpretation —
they who confider the air, will tell of the handy work of God.
It is farther remarkable, that Plaro ufes the Greek word Taxs
in the fame fenfe; of which Serranus oblerves — quod qui-
dem vocabulum aeris nature fignificande accommodatum eff +.
Thefe thort hints are fufficient to prove, that a vacuum in

® Gen. 1.20.
+ See his preface to the Timeus. Vol. 3. p. 11.

the
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the heavens is not more oppofite to nature and experiment,
than to the moft fimple declarations of the old and new
teftaments. It may occur as a collateral argument, to thofe
who ftudy the oriental languages, that the bible has no word
in the original to denote /pace, as diftinct fmm body ; hav-
ing exprefled it by the word that fignifies @ir*

7. Bur we are now to afk another qucﬂzmn; whether
God, in his government of the natural world, aéts by his
immediate power, or makes ule of matter as his inflrument 2
The anfwer, I fhould think, might follow naturally as an
inference from what we have heard already. For if the
heavens confift of expanded wether, this {fubftance muft either
ftop the motion of the heavenly bodies, as the mathemati-
cians, if we will underftand the thing in their way, have
very well demonftrated ; or be inftrumental to the conferva-
tion of it. And as the former part of this alternative is falfe
by obfervation ; the latter part of it muft be true ; whether
we are able or not to inveftigate and aflign fuch a mode of
operation to the matter of the heavens, as fhall ﬁand the
teft of a fevere examination.

8. Tuat matter is snflrumental in the hands of God,
for the bringing to pafs his purpoles in nature, is at leaft to
be {fufpected, from what happened in the beginning ‘of the
creation. It could not be without fome good and fufficient
reafon, that motion was fiz/# imprefled upon the celeftial
elements of light and air. If thefe were to be inftrumental
in the formation of other things, as experiment {hews them
to-be now,. the reafon is plain'in itfelf, and worthy of an
infpired hiftorian, And then, even the order and procefs,
that is obferved in the facred hiftory of the creation, will

* Gen. 32. 16,
{uggeft
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fuggeft to us, what may be gathered in a more direct man-
ner from fome other places of the f{cripture. For there are
expreflions, which allude to and acknowlege an eflicacy of
the heavens upon inferior thmgs The powers of the hea-
ven, which are to be fbaker * in the laft day, muft fignify
thofe natural powers, or material forces of the heavens, by
which the vifible world is now fupported and moved in a
regular manner, according to the laws of nature; and not
any invifible powers of the world to come; becaufe they are
mentioned with the fun, moon, and ftars, the other mem-
bers of created nature. There was, it feems, a fit occafion
to make an exhibition of thefe natural powers, when the
apoftles were to be indued with invifible power from on bigh
‘upon the day of pentecoft: that power having been com-
municated under the external figns of a mighty wind and
flames of fire; to which two elements, men of all ages and
nations, as it were with one voice, have afcribed the powers
of moving and governing the natural world. And if they
were right in this, it is not ftrange, that thefe thould have
been fixed upon, as the fitteft and moft inftru&ive emblems
of invifible power. In the book of %4, which, to fuch a
reader as the Lord Bacon, appeared pregnant and [welling
with natural philofophy +, the heavens are affirmed by plain
inference, to have a dominion in the earth . A queftion is
put to Job by the maker of the world, whether he was able
to fix this dominion by any power or wildom of his own;
which does neceflarily imply, that-fuch a dominion is reall}r
fixed by the power and wifdom of God. Loofe-thinking
and ignorant readers of {cripture may defpife the philofophy
of the paflages I have hitherto mentioned : but thofe whe

* Matt, 24. 29. t Adv. of Learn. B. 1.
1 Jeb. 38. 33. s
cxamine
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examine the works of God without prepofieflion, will {foon
difcover by experience, that although they are very fhort,
they contain the feeds of much knowlege ; the moft obvious
fenfe that can be gathered from them, being fuch as agrees
beft with all the experiments we are able to make.

9. TuaT matter is employed as an inftrument in the
hands of God, is farther evident, in that he made a mift or
exhalation to arife from the earth, for the growth of vege-
tables, even at their firft formation *. When the waters of
the flood were to be carried off, he made a wind zo pafs
over the earth +. When the plagues of Egyps were inflict-
ed, a wind brought the locufts; and another wind drove
them away {. When the Red Sea was divided, the waters
were made to go back by @ flrong eaft wind, which parted
the waves, and laid the bottom dry, for the paflage of the
Ifraelites **, But thefe, it may be faid, were exzraordinary
occafions : and I am not unmindful of it; as they are fo
much the more to my purpofe on that vzy account :. for
thence it appears, that even upon fuch occafions, where the
cafe will admit of it, God prefers the method of bringing
his purpofes to pafs by #atural means : after which, it would
furely be unreafonable and abfurd, to deny the ufe of fuch
means in the ordimary courfe of nature. And the feripture
itfelf will agree with us in this conclufion. For when the
Jun is faid to RULE over the day, and to have been made
for this end, what can we underftand by it, but that he aéts
as a vicegerent ; and is invefted with a mechanical power
of giving lxght, life, and motion, to fuch objets as are or-
dained to receive his impreflions? All nature revives, and
puts on a new face, when he approaches nearer ta us in

* Gen, 2. 6. + Ib. ch. 8. 1. 1 Exed. 10. v.13. 10
*% Jbhid. 14. 21.
the
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the {pring ; and finks into a temporary death, at his depar-

ture from us in the winter. That he ats in a mechanical
manner, is alfo certain; becaufe a chain of matter is conti-
nued all the way from the agent to the obje¢t. His power
confifts not in any immaterial quality, becaufe it obferves
the fame geometrical law with the diffufion of his light;
and his eflicacy upon the produétions of the earth is great-
eft, when the greateft angle is formed between the horizon
and his 7ays; though the folid fubftance of his body is then
moft remote from us, as the aftronomers very well know.
A good telefcope will fhew us, what changes are produced
in the refrattion of the atmofphere, and what a tumult
arifes in the air from the agitation of the fun-beams in the
heat of the noon-day. The heaven feems tranfparent and
undifturbed to the naked eye; while a ftorm is raifed in the
air by the impulfes of the light, not unlike what is raifed
in the waters of the fea, b}r the impetuofity of the wind.
It increafes with the altltude of the {un; and when the even-
ing comes on, it fubfides almofl into a scaloi, oA fight this,
both edifying and inftruétive; and {uch as we ought not to
behold, without calling to mind thofe words of the devout
fon of Sirach — The [un when it appeareth, declareth at his
rifing a marvellous INST RUME N T, the work of the
Moft High™* !

»10. Can it be tlmu ht now, that God performs thofe
things by szmediate power, which, as we can fee and feel,
do follow the courfe of the {un, and are performed by Ass
mediation ? Philofophers who contend fo eagerly for the
immediate influence of a divine power in nature, fhould
blot this luminary out of the heavens; and their arguments

* Ecluf. 43. 2.
H h would
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would have a little more weight. God hath referved to bim-
Jfelf an oflice more fuitable to his nature, than the office
they have thought proper to aflign him ; even that of giving
life, light, and knowlege to the mind or {pirit of man. As
to the light of the body, that and all the wonderful effeés
of it, are plainly adminiftred to us by the fun, as by an en-
gine or minifter {ubfervient to the purpofes of its creator.
But {fome there are, {o unhappy as to miftake the ceconomy
of God, beth in the #zatural and moral warld.  If you
will take their judgment, God, as a natural ruler, isito have
the tatk of moving thofe portions of matter, which are
moved and ruled by the fun, the work of his hands: while
man is to aflume the office of the fazber of fpirits, and ad-
minifter light to his own underftanding. In religion, which
is the province of the Deity, and where there is a digmus
vindice nodus, all is to be natural; but in nature, all efteéts
are to be miraculous! Thus wretchedly will men reafon,
when they think philofophy hath advanced them into a
{phere, fuperior to the un-philofophizing fimplicity and truth
of divine revelation.

11, Tuar we may learn, once for all, what /pecies of
folution is authorized by the feripture ; it will be beft to fix
upon fome particular inftance: and there is none more pro-

r than that of vegetation. The earth is faid to bring forth
grafs : this is the effelZ. The firft caufe of it, is the power
of God, to whom all things owe their being, and by whom
all things conflift: for be caufeth the grafs to grow for the
cattle and berb for the [ervice of man™. But then it is alfo
faid, that zhe tender grafs [pringeth out of the earth, by

 clear /biﬁiﬂg ﬂﬁf}" rain +. 'Therefore God 1is the primary

® Pfal. 104.14. t 2 8am. 23. 24.
caufe ;
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caufe ; the fun is the inftrumental caufe ; while the earth,
foftened and difiolved by the drops of rain, fupplies the ma-
terials. This account, plain and fimple as it is, gives us the
out-lines of all that can be faid upon the fubject, and guards
us againft every fundamental error. It condemns the im-
piety of the heathen idolater, by referring the whole glory
of the work to a power fuperior to matter: correéts the well-
meaning ignorance of the philofopher, who would confute
atheifts, by- evacuating the world of fecond caufes: and
leaves us in poffeflion of that ancient and valuable do@rine,
that fome of the elements are appointed to rule over, and
give motion to the reft.

SRS TR N DD,
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THE AUTHOR'S REMARKS ON SOME PASSAGES
OF THE FOREGOING WORK.

Onx Boox I, Cuavr Il

which the author endeavours to obviate in this place,
it is neceffary to have fome little knowlege of the
¢heory of falling bodies. For the fake, therefore, of fuch rea-
ders as have not confidered this fubjed, and to fave them
the trouble of having recourfe to other books, I fhall here
fubjoin an account of it, and try to make it eafy to thofe,
who have never accuftomed themfelves to mathematical rea-
{onings. | _
In the right-angled triangle aBc, (plazeIL. fig.V. pag.111.)
the angle ca B, which opens wider by equal degrees, from the
point a towards B c the bafe of the triangle, exprefles a m0-

tion uniformly accelerated. The leg a B exprefles the time in
which

PA G E 28. /ine 11 &c. To underftand the objedion
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which this acceleration happens; and this time is divided
into three equal parts or moments, as A I, I 2, 2 B, The
{fmall lines in the triangle a 1 4, repeated at equal intervals,
and increafing in length by Equa] degrees, cdenote equal ac-
celerations of the velocity from the inftant in which a body
begins to fall : and the {mall equal lines in the {quare 1 ,
denote an equal velocity during the time expreffed by the
fide 1 2.

THESE thmgs being firft mnﬁderf:d if we now attmd

to the figure, it will open to us all the cnnfcquences of thefe
pofitions. . | 01 AHT A9

I.

Tus line 1 2 will Exprcf's the velocity acgum:d by a fal_lgg
body ar the end of the firft woment of time. The line 2/
wﬂl exprefs the velocity acquired at the end of the fecond
moment ; and s ¢ the velocity at the end of the third.

=1k

Ir the body, during the fecond moment of time; {hould
retain the veloc:t 1 & which it had acquired atthe end of
the firft, the fquare furface 1 2 2 £ will .be deferibed ; for
this {urface is gcnerated by a continual repetition, or mo=
tion, of the line 1 £ during the time 1 2; as the area of
the triangle a 1 £ is alfo defcribed by an' uniformly-increaf-
ing velocity during the time 4 1. But the area of the {quare
is manifeftly double to the area of the triangle. Whence it
appears, that a body moving on, during a fecond moment,
with the velocity acquired at the end of the firft, will fall
twice as far in the fecond moment as in the firft. And the
fame will be true univerfally, that the velocity acquired at

the
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the end of any given time, will catry the body twice as far
in the fame time.

I11.

Bur if the velocity continues to increafe uniformly du-
ring the fecond moment, then the fpace defcribed will be
as 1 2 /&, which is zbrice as great as the triangle a 1 4.

| LV,
Tuzr whole [pace defcribed by the body in the two firft

moments, will be as the area 4 2 /, which is equal to four
times the area a 1 £; whence it follows, that the {pace de-
feribed by the body in its fall, is as the fguare of the time
in which it falls; for here the time is 2, and the fquare of
it is 4.

V.

In the #hird moment, were the body to fall with the ve-
locity 2 /, during the time 2 B, the fpace defcribed will be
as the re&angle under the time and the velocity, that 15, as
the re@®angular fpace 2 8 #/, equal to four times & 1 4
But as the velocity is ftill uniformly increafing, the fpace
will be as the area 2 B ¢ / five times as greatas a 1 £ And
thus will the re@angle under the time and the velocity be
always increafed by unity.

VI

As the triangles A 1 4, a2/ ane¢, are all fmilar, or,
fuch as have all their three angles re/pettively equal to one
another; then as a 2 is the double of & 1, 2 / will be the

double
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double of 1 %; and as a 2 exprefles the zime, and 2 / the
velocity, where the time is double, the velocity is double &c.
Therefore the velocizy is as the time.

VIL

Ir the fpaces defcribed in each moment be confidered /z-:
parately, then the {pace in the firft moment will be as 1, in
the fecond as 3, in the third as g, in the fourth as 7, and
{o on in an arithmetical progreflion; the common difference
being 2.

Ir we would apply this zheory to pratiice, it is firft to
be learnt, that in one fecond of time bodies are found to
fall 15 Paris-feet and 1 inch, that is 16 feet, and fome-
thing more, of Englifb meafure; but we fhall negleét this
{mall quantity, and fuppofe the whole fpace to be 16 feet
in a round number. This hath been difcovered with {uffi-
cient exactnefs from the motion of pendulum’s, between which,
and the reilinear defcent of heavy bodies, there is {fo clofe a
connedion, that neither of thefe can be underftood indepen-
dent of the other. It being allowed then, that the fpace fallen:
through by a body in the firft moment of time, is 16 feet ;,
it follows from N°. IV. of the theory, that at the end of
the fecond moment, it will have fallen 16 X 4=64: at the.
end of the third moment 16 X g=144 : at the end of the,

fourth 16 X 16 =256 &c. All thefe fpaces being as the

[fquares of the times.

Hence, if the fpace be given, through which a body is
to fall, we may colle¢ the time wherein it will finifh its
defcent. For let the number of feet in fuch a fpace be di-
vided by 16 ; then will the {quare root of the quotient ex-!
prefs the time fought, in feconds and parts of a fecond. Thu?_ :

i
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if the fpace be 144 feet, 144 -~ 16=09, of which the root
is 3. And the converfe of this will be equally true; for if
the zime be given, the fpace through which the body hath
defcended, may be found from it. If we fhould defire to
learn the depth of a well, from the furface of the earth to
the furface of the water, let a bullet of lead be dropt into
it, and let us fuppofe this bullet to firike the water in ;5
feconds. The {quare of g5 is 25, which being multiplied
into 16 feet, the produ& will be 400 feet, equal to the depth
of the well.. .

THus again, were we to fee a mafs of burning matter,
or a large red-hot ftone, thot upwards from the mouth of a
volecano, and could obferve aceurately that the whole time
of its flight in the air amounted to (as we will {fuppofe) 30
Jfeconds ; we may thence colle@ the height to which it arofe.
For a projected body will both rife and fall in the fame
time ; therefore we are to take halft the time above-men-
tioned, or 15 feconds: then it will be 15X 15X 16 =
3600 feet, or 1200 yards, which is not far fhort of 2 of a
mile.

Bur we are to obferve, that in the application of this
theory, two things are taken for granted, before we arrive
at any one of thefe conclufions. Firft, that the theory itfelf
is true in practice to a mathematical exactnefs, That it 1s
very nearly {o, may be fairly concluded from the experi-
ments which have been made; but nothing more can be
concluded with ablolute certainty. Semndly, that the mo-
tion is perfnrmed without any unpechment in other words,
that it is performed in vacuo, or in a medmm that gives
no refiftance ; which is falfe in fa& : no experiments of any
confiderable cﬂmpafs having been made, or being poflible
to be made, w1thuut a great degree of interruption from

1.1 the
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the refiftance 'of air. Upon this account, the well, whereof
you are finding the depth, will not be fo:deep as may be
imagined by feveral feet ; nor will the ftone, projected from
the volcano, rife near k. high as we have already concluded.
This refiftance of the air will be different at different fea-
fons: and to find the abfolute 'quantity of it at-any time;
and in any particular experiment; is a problem fo difficuit
and complicated, as hardly to admit of an adequam folu-
tion.

In the experiments made by Mr. Hawhfbee, of whm’h we
have an account in his phyfico-methanical experiments p. 278,
and. in Sir Jfaac: Newtor's principiay 1ib. 2. prop. 40, fome
glafs balls, filled with quickfilver, were obferved to fall 220
feet in 4 feconds of time. By 'the theory, they fhould have
fallen 256 feet : therefore, the refiftance of the air, added to
fome error in the performance, diminifhed the fpace_-b}’j about >
of the whole. ' Some other experiments made by Dr. Defa-
guliers with balls of lead (fee philof. tranfali. N° 362. p.
1071 ) and executed with a better addrefs than thefe of Mr,
Hawkfbee, came nearer to the theory. But let us confider
that when thefe balls touched the ground, fuppofing them
to have defcended through a fpace of 256 feet, they moved
only at the rate of 128 feet.in a fecond: and what is this
to the velocity of light? which according to the ufual com-
putation, moves above a million of times {wifter than a
cannon-bullet. ' Should this fluid be the natural caufe of
gravity, and fhould the fpaces defcribed be lefs than the
theory requires, on account of a nearer approach in the ve-
locity of the body to the veloclty of the fluid that moves
the body, fuch a difcovery is far beyond the teach of all hu-

man EXPEI‘HI]EHIZS
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* Ir what hath been here faid, fhould tempt an inquifitive
reader to fearch farther and deeper into the application of
this theory of falling bodies to the motion of pendulums,
the flight of bombs and other projectiles; he may find fa-
tisfadtion by perufing parz L. c. 6 &c. of Mr. Rowning’s
fyftem of natural philofophy — S’ Gravefande's elements of
nat. phil. by Defaguliers b. L c. 19 & 24— Mr. Maclau-
rin's account of Sir Ifaac Newton's difcoveries b. Il c. s.
Or' fee Dr. Keil’s introd. to nat. philof. 2. 15 and 16;
than which there is nothing more exa and compleat upon

the fubjec.

On CHAPTER IV

- Page: 34. L 28 &ec. 'In order to prove by fome eafy ex-
periment, that the refiftance which a body gives to any force
that is applied to put it in motion, is juf# (o much as ought
to. proceed from the action of gravity upon ity and no more;
I confidered, that if the refiftance in the ball of a fimple
pendulum fhould proceed wholly from its gravity ; then the
fame force ought to move it more eafily through a feg-
ment of a greater circle, than through a fegment of a
leffer.

H avinc put together an extempore apparatus, I took
two balls of lead, the greater of which weighed one pound
and an half; the lefler one quarter of a pound. Thefe were
{ufpended by lines, fo that the centre of each ball, being at
equal heights, was 28 inches below the points of fufpenfion.
A graduated {cale being fixed parallel to the plane of their
intended motion, I drew the lefler ball afide to 24 divifions

from the perpendicular, and having let it fall againft the
Tii®o greater,
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greater, perceived that the ftroke of it occafioned the greater
ball to move over 4. divifions and } from the perpendicular.
Then I fufpended the greater’ ball from a point 7 feet and
8 inches above its centre ; and letting go the leffer ball from
the fame diftance as before, found that the application of
the fame force did now occafion the greater ball to move

over g divifions and £, very nearly. Therefore in this latter

trial, where the diftance of the heavier ball from'the point

of fulpenfion is almoft guadruple of what it was before, the

refiftance becomes leffer than before by about one balf.

TuE times of the vibrations of different pendulums beinga

in the fubduplicate ratio of their lengths, their velocities com-
pared with each other will be inverfely as the fquare roots
of their lengths ; ‘that is, if the length of the greater pen-
dulum be quadruple, and its time of vibration double, its
velocity in a fimilar arch will be ; the velocity of the leffer
pendulum. In this experiment then, the refiftance is leffened
in the fame proportion with the velocity : ‘but the velocity
is deducible only from the aétive force of gravity ; therefore,

the refiftance muft be owing to the fame force. For if the.

refiftance here found be.fuch as ought to flow naturally
from the gravity of the body, and no other refiftance is to
be difcovered ; mutft it not follow, that what has been called
a wvis inertie is but the fame thing with the force of gravity ?
If not, how are they to be diftinguifhed in this experi-
ment ? 3
TuaT the refiftances above-mentioned do not exaétly
coincide with the inverfe ratio of the {quare roots of the
lengths, which are 5, 29 and 10, 20, but deviate from
it a little, may be imputed to fome {mall degree of elafti-

city in the leaden balls. However, this error, fo far as it

may concern my argument, is on the right fide.
From
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From what hath been faid there arifes this corollary —

that zbe refiffance of any folid pendulous body may be fo di-
minifbed, as to be lefs than any affignable quantity : or, that
a body, how large foever, may be moved out of its pfafe by
a force bow fmall foever. 1 mention this as a matter of cu-
riofity, though I cannot but regard as trifling all mathema-
tical conclufions which are remote from fact and the com-
mon courfe of things.
- In defining the vis inertie, Sir Ifaac hath obferved, that
a body exerts this force, only when it is made to change its
Sflate by fome, force impreffed wupon it. But certainly the force
that keeps a body in its ftate, and the force that refifts a
change of that ftate, muft be the fame thing: {o that in
our experiment, the ball is either brought down to the low- -
eft point of the circle, and kept at reft there, by the wis
inertice, which is falfe ; or the force of gravity which brings
it to the loweft point, and would keep it there at reft, muft
- be the force that oppofes us when we ubligﬂ it to change its
ftate. This t}bJe&mn to the wis inertie is {o p]am and po-
_fative, and experiment does {o mamfeﬁl}r confirm it, that I
confefs I know not how to get over it, and cannot but wifh
to fee this principle either wholly dlfmrded from natural
philofophy, where it feems to have done no good ; or better
diftinguilhed than it hath hitherto been.

A s I never think it my intereft to ftifle any part of the
evidence belonging to a fubje&, I would inform the reader,
if he does not know it already, that the 4bbe Nollet (fce
vol. 1. p. 135 of the Englifb tranflation of his lectures) p
pofes an experiment, to prove that the force of un&wﬁy
and the force of gravity are not the fame thing in bodies.
There is indeed fome difhiculty in the experiment he {peaks
of; but it cannot amount to a difcovery of this mactive

force,
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force, unlefs the body is examined mdﬁpcndent of all a&ive
forces ; which, I think, is not the cafe ; and the reader, if
he pleafes; may canﬁder of it.

On CuHAarTER V.

Pace 44. 1. 21. Some other motions like to that of the
two lamps may be contrived in a different manner. Fix a
needle upon a pillar of glafs or fealing-wax four or five in-
ches in length, and p]ar:e a {mall wire upon it, pointed at
each end, and bent into the fhape exprefled b}r fig. 2. of
plare-1, Let this little machine be {o placed, that you can
electrify the brafs cap in its center by fparks from a wire
hanging perpendicularly over it, but not touching it. I

the inftrument is well made, and the fire ftrongly commu~"

nicated, the wire will turn upon its centre as faft as the fly-

ers of a common jack : and if the room be darkened, you

will fee a ring of llght formed by the eleétric =ther as it
ftreams from the pmnts of the wire.

Twurs motion is fo far from being ftopped or retarded hy
the refiftance of the circumambient medium, that there feems
to be no better method of accounting for it, than by deriving
it immediately from fuch a refiftance. The fire dwergmg
from the points ftrikes upon the adjacent air; while the air,
reacting agamﬁ the ftreams of fire, or e :ﬂ:ﬁg them, gives a
retrograde motion to the points of the wire ; juft as'a chair,
if placed upon cafters, will run backwards, when the perfon
fitting in it pufhes againft the wall with a ftick. If the wall
were out of his reach, his ftretching out the ftick would
make no impreflion upon the chair: and the ftreams of fire

will

T
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will be equally infuflicient to produce a motion in this ma-
chine, if there be no 4i» within the fphere of their a&ivity.
To prove this, 1 made the three following experiments.

Experiment 1.

I fet the machine upon the plate of my air-pump; and
having covered it with a large receiver, electrified it by means
of a wire pafling down to it through a collar of leathers.
While the receiver remained full of air, the machine made
its revolutions as well within the glafs as it had done before
in the open air.

| E.x*p. I1.

Tt fame tral being made when the receiver was ex-
haufted, no motion enfued. The room being made dark,
the operation of the eleétrical machine was continued : and
it was now vifible enough, that the two ftreams, inftead of
pafling off from the ‘points in the form of a conical brufh of
rays with its axis parallel to the horizon, went perpendicu-
larly downwards in two parallel lines to the brafs plate of
the air-pump: and it was utterly impoflible’ that the fire
thus perpendicularly directed (had there been no other rea-
fon for it) fhould occafion an horizontal motion in the mas=
chine.
44 E.x*p. I11.

I~ order to try whether the fire, moving borizontally in
the exhaufted receiver, would have any better effect; I
placed a ring of brafs wire within the veflel, and fixed it at
{uch an height, that it coincided with the plane of the in-

tended motion. The machine being again electrified under
thefe
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thefe circumftances, the fire did now appear to iffue hori-
zontally from the points toward the brafs ring, and thence
it went down to the plate at the bottom, by means of fome
other {mall wires added for that purpofe. But notwithftand-
ing all this, the points of the machine were ftationary.

Reflexions.
I. Tue ftreams of fire do not fall down to the plate by

their gravity, as two [treams of water might be made to do

from two orifices in the ends of a {mall horizontal pipe;
for then the velocity with which they iffue from the points
fhould occafion them to defcribe-a parabola, whereas they
defcribe two ftrait lines; therefore they are carried down,
not by the force of gravity, but by a preflure of another
kind which operates in what we call a vacuum. |

2. As the rays of the eleétric zther do not pafs off from
the points in a conical form when the machine is placed in
vacuo, but in a perpendicular line; it is certain that the
particles of fire do not 7ecede from each other fo much when
the air is abfent, as when it is prefent; therefore they do not
recede from one another by any inherent repulfive power :
for were they indued with fuch a power, they would be
more at liberty to exert it when the preffure of the atmo-
{fphere is taken away, and ought to diverge 9/ where they
are found by experiment to diverge /a//, that is, in an ex-
haufted receiver. ‘

3. TuE continuance of motion in any {pace doth not in-

fer the neceffity of a vacuum. The contrary to this is fo
true, that a variety of motions may be exhibited, for the
producing of which, the prefence of a refifting medium is
abfolutely requifite. We have one inftance of it in this ex-

periment ;

T e e
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perimcnt ; and as the analogy I would here point out to the
reader is a thing of no fmall moment, let me defire him to
confider attentively with himfelf, that if the glafs glbe
which we here make ufe of as a promptuary or fountain-
head of elementary fire, were to {end forth its ftore in the
erdinary courfe of nature, as the glbe of the fun doth fend
forth its light ; the motion of this machine would be perpe-
tual, not only in theory, but in practice.

- Tue fame may be faid of the revolution of the two
lamps, in the inftrument defcribed at p. 44 : for the mo-
tion of thofe lamps would be perpetual, were their light as
perpetual as that of the fun is.

TurerEe is another experiment, which I have frequently
performed with much pleafure, and never without exciting
fome degree of admiration in thofe who have beheld it. A
{fmall light bubble of glafs being laid on a polithed plate of
metal, upon which a brafs ring (of about half a foot in dia-
meter) is fo placed, as to be conveniently ele@rified without
eleétrifying the plate at the fame time; the little {phere of
glafs will defcribe an orbit about the ring, and will turn at
the fame time about its own axis, the poles of its rotation
being nearly at right angles to the plane of its orbit.  Here
again, if the emiffion of light from the eledrical globe were
as conftant as the {upplies from the fun to the planets, the
motion of this {phere would refemble the motion of the
earth as nearly in its perpetuity, as it doth in fome other re-
{pects. |

- In‘all thefe inftances, a refifting medium does not hinder
motion, but a&ually promotes it, and is one of the imme-
diate caufes of it: and were thefe little experiments as ade-
quate to the greater pheenomena of the univerfe as they are
analogous to them, would render the motion perpetual. An

Kk hypo-
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hypothetical train of reafoning might lead us to conclude,
that if lefs matter were in the fpace, the motion would be
more free, and continue much longer: upon the fuppofed
firength of which conclufion; (if a little geometry were in-
terwoven with it) we might think it neceffary to get rid of
the air and of all fenfible matter ; and then we fhould alfo
get rid of the caufes of motion. In a word, the faéts now
before us thew how much we fhould lofe by the application
of this unphilofophical method ; which weuld promote the
fuccefs of thefe experiments, juft-as much as we fhould en-
able a man to run fafter, were we to rid him of the incum-
brance of his boots and fpurs by cutting off his legs.

I think it hardly neceffary to obferve, as the thing is {o
obvious, that although the mode of operation in each of
thefe experiments is very different, yet the effe@s in all of
them are deducible from the fame caufes, fire and air, or-
dained in a wonderful manner to cooperate with each other.

Q. 2Cromiae 2 Yl

PaGE 49. 1. 2 &c. It hath been hinted to me by a learn-
ed friend who faw this chapter in manufeript, that the geo-
metrical argument of Dr. Keil, though it makes but an in-
different figure in the manner he hath ftated it, may never-
thelefs be applied to demonftrate an nterflitial vacuum be-
tween the parts of bodies. And thus much indeed it may

warrant us to affirm, that if the world is filled with an ho-

‘mogeneous matter, all the particles of which are exa
fpheres, of equal fizes, and all of them in contaét ; an in-
terftitial vacoum muft be the confequence: and the ratio of

' the
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the full {pace to the empty {pace, will be as the {olid content
of a fphere, to the difference between that and the content of
a cube of the fame diameter. But then, how many fuppofi-
tions is it neceflary to make, before the way is clear to fuch
a conclufion ? and when we have attained it, it leaves my
argument but where it found it. For unlefs thefe homoge-
neous {pheres are out of contal?, (the contrary to which is
{uppoled in the demonftration) a motion propagated amongft
them will be smechanical ; and that is all I am contending
for. But fuch mathematical reafonings are all of them wide
of the purpole, only tempting us to ramble from the real
merits of the caufe, and to multiply words without know-
lege ; an obfervation which ought to be as freely applied to
what I have hitherto faid in anfwer to the demonftration, as
to the demonftration itfelf. If we leave geometry to take its
chance, and make a tranfition to reafon and obfervation, it
will be hard enough to fhew, that within the whole created
{yftem of the world there is any {pace capable of holding a
particle of matter, which has not fuch a particle in it. A
{ubtil fubftance, (that of fire or light) not to be excluded
by the furfaces of the moft folid body, is in perpetual agi-
tation, and ready, as experience teaches, to find its way into
every channel capable of recciving it. It has likewife been
pmved above, that between the particles of this fubftance
there is no 7zepulfive power to keep them at a diftance from
cach other: and as Sir J/aac Vewron hath given us fome
fine experiments in his treatile of oprics, whence it is highly
probable that even the particles iof light are of various fizes;
they will on that account-fill up any given fpace the more
compleatly ; and the interftitial vacuities, if they can be call-
ed fuch, will vanifh into. fomething not worth regarding,
becaufe it is impoflible to be conceived, unlels the imagi-

5] nation
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nation fhould put a trick upon itfelf; :which, I believe, is
{fometimes the cafe, when it is contemplating fuch objects as

are beyond its reach. If we keep within the limits of our

underftanding, and attend to nature itfelf as it is difplayed
before our eyes, we may exprefs both fafely and truly all
that is neceffary to be affirmed upon this occafion, in the
following words, taken from the difcourfe of Timeus Locrus
the Py:&agarmﬁ — Tlup pev v Ag o AeTlougpeiny Ao WouTun weer,
amp T i Tay aMan eEo wopost vdup S¥ N T yas. Ammre & w1 @A
o, $der ey amoAiTOITL —— 6 Fire, éy ?‘Eﬂ/&ﬂ qf 718 ﬁ{éﬁ?{j’,
penetrates into all things; air into all the other elements, ex-
cept fires and water into earth : [o that r&e warfd is full of
matter, and there is no vacuum left in it . This dif-
courle is fubjoined to Plazo’s Timmaus ; or it may bE fﬂund in
Gale's opufcula mytholgica.

ON Boorx dllLGCE wrll

An addition to the note at page 136.

AS I have here dropped an hint concerning the dazger
which is to be apprehended from fleﬁﬂm{y ; it may
not be amifs to give fome fhort account of its good effects,
fo far as they have fallen under my own obfervation.

A girl :
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A girl of about 12 years of age, the daughter of a {hep-
herd in this parith of Zadenbo in Northamptonfbire, having
frequently expofed herfelf in the field to bad weather, was
affliGted, in the beginning of the fpring 1761, with flying
pains in her limbs, foon followed by an bemiplegia,-or ftroke
of the palfy, which feized her fuddenly as fhe was at work,
and deprived her of the ufe of her limbs on the right fide,
fo that {he was unable to ftir from her chair, and was car-
ried up and down ftairs in it, to and from bed, by her fa-
ther and mother. She complained alfo of a fixed pain to-
ward the bottom of the fpine, which became fo violent, that,
when in bed, fhe could reft in no pofture but only with her
face downward.

To remove this fymptom, a blifter, to be laid near the
part, was recommended by a phyfician, a friend of mine,
who happened to vifit me while the girl was in this mifer-
able condition. It had the defired effe&t, and removed this
pain in a day or two; but her limbs on the right fide were
ftill as ufelefs as before, and {o invincibly cold, that her
mother was employed many times in a day in rubbing them
with hot flannels.

Tz blifter was continued under the form of a perperual
bliffer : but I found, after fome trial, that no farther benefit
was to be expected from it ; and having but little hope from
the ufe of any internal medicines, I refolved to eletrify her;
to which her parents readily confented, and brought her to
me in a chair for this purpofe. The thock was given after
the common method ; only I endeavoured to adminifter it
in fuch a manner, that the fire, upon its difcharge, {hould
follow the courfe of the nerves (from the top of the {pine
downwards) throughout the whole fide that was affected.
‘After two or three ftrokes, of which fhe complained but

little
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little though they were very fevere; I enquired, whether the

perceived any warmth or tingling in her limbs? to which
ihe anfwered in the affirmative. When fhe had received a-
bout half a dozen {trokes, I di{miffed her, ordering her pa-
rents to wrap her up warm in bed immediately and bring her
to me again in a day or two.

A her next appearance, {he was much altered for the
better : inftead of that cold and numbnefs {he had before
complained of, her limbs had a glowing warmth in them
from the time {he had left me; and this was followed by a
profufe {weating, which came on {oon after the was put to
bed, and continued for about two days after the firft opera-
tion. There was likewife a copious difcharge from the blif-
ter, which for fome days before had produced no effect, and
was in a manner dried up.

ArTeRr the fecond operation fhe cortinued to mend
After the fourth, the went by herfelf upon crutches to a
neighbour’s houfe at fome little diftance. Ac this time, the
ﬂmcks began to hurt her fo much as to make her ﬂatd tears ;
a plain proof, that her limbs had now in a great meafure
recovered their fenfibility.

Arter the fixth operation, fhe was able to walk up a
fteep hill to church, without any affiftance even from a
walking ftick : and during this whole courfe, no mdicines
of any kind were adminiftred. Some weaknefs did ftill re-
main, which eleéricity would not remove ; therefore I re-
commended the ufe of the cold bath, by the help of which
.the foon recovered her ftrength, and is now able to work for
a livelihood nearly as well as before, except that her leg on
the right fide is {fomewhat fhorter than the other, which as

fhe walks does neceffarily occafion her to fink a little on -

that fide.

AFTER
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AFTER a time, fhe was much troubled with an inflam-
mation in her eyes; and there appeared to be fome violent
humours afloat in the habit, owing (as I fuppofe) to a tranf-
lation of the morbid matter from the nerves to the blood-
veflels. I had recourfe to fome of the methods commonly
applied to upon fuch occafions : and though the humour
in her eyes is not abfolutely cured, it is fo far correted as
to give but little trouble, and I think fhe will by degrees
entirely get the better of it.

As this cafe {feems to be a remarkable one, I have given
a circumftantial account of it; and the reader may depend
upon the truth of all the particulars, none of which (to the
beft of my knowlege) are in any degree difguifed or exag-
gerated.

I have had other opportunities of trying the power of elec-

- tricity : and though it ought not to be haftily cried up asa cure

for all difeafes, which hath been the misfortune of many an
ufeful remedy, fome there certainly are, to which it may
be applied with a profpe@ of fuccefs; and I could be glad
to fee its ufefulnefs properly afcertained, and difcreetly li-
mited, by fome candid and judicious gentleman of the fa-
culty. From what has appeared to me within my own little
fphere, I believe it may be of much fervice in pains of the
rheumatifm, and paralytic affetions, where they are recent,
and the patient not too far advanced in years. Some of the
principal diforders arifing from o4flruttions might find great
help from it, if they are taken in time: and it might be
worth while to try whether it would not ftop the progrefs
of a gutta [erena, or of any other diforder that may be re-
ferred to this clafs, which is a very numerous one. For ex-
perience teaches, that it will put the matter of the difeafe
in motion, and powerfully promote a diaphorefis: but it

may
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may require the fkill of a regular phyfician, and {fome auxi-
liaries from medicine, to clear the body properly of the dif-
eafe, and bring it to an happy iflue.

ITs greateft efficacy, I think, will be found in removing
(and that in a very {mall {pace of time) all {pafms or cramps,
particularly fuch as proceed from any fudden co/d upon the
the external parts. And it feems highly probable, that in the
moft extreme cafes of this kind immediate relief might be
expected from it, even in that dreadful fpafm which affe&s
the mufcles of the back or breaft, and is fo common both
in the eaff and wefl-indies. Baﬂnﬂs, in his Hiff. Nat. &

Med. Ind. Orient. p. 18. gives this defcription of it — Zam

repentinus & fubitus eff aliguando ejus impetus &c. This
difeafe is fometimes [o fudden and violent, that men are [eized
with it in a moment, and become as rigid as a flatue ; the
mufcles in the anterior or poflerior part of the body being con-
tracted towards their originy by which means the patient is
bent either backward or forward, and fixed in one pofture or

the other, as the affelted mufcles are fituated. A [bocking

diflemnper this is indeed | which in the [pace of four and rwenty

hours will carry off thofe who are affliéted with it in extreme
agony, while the internal or vital parts are perfeltly found

and in their natural flate. The mifery of thefe poor creatures

bas a ghaflly effect upon their countenances; efpecially if the
diforder be attended (as it frequently is) with the cynic {palm
or dog-like convulfion, by which borh the checks are drawn
afide toward the ears. The face is red, the eyes are livid,
the teeth grate together y and inflead of their natural woice,
they utter a [flrange noife, as if they were [peaking from a
cave under the ground : infomuch that perfons unacquainted
with the cafe would altually take them for demoniacs.

Piso,
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P1so, who has written a natural hiftory of the we/ff-indies,
. tells usthe difeafe is generally owing to this caufe — guod
interdin madidi ac fudore ®fluantes, ab ingruente nofturno
| . frigore fibi non cavent — < that they who have been thrown
¢into violent {weats by the heat and labour of the day,
¢ will afterwards too careleflly expofe themfelves to the cold
«air of the night.” He obferves likewife, that on fome
occafions the teeth are clofed fo faft, that it is neceffary to
~ break open the mouth with a probe of iron; and when this
~ is done, the patient is perhaps utterly incapable of {wallow-
ing ; fo that nothing can be adminiftered by the mouth to
give him any help.
by THAT an eleétrical operation might remove the caufe
. even of this diftemper, how frightful foever its {ymptoms
may be, I was induced to believe, firlt, by the following
* accident. ‘A few months ago, one of my maid-fervants, by
taking fome cold in the night, arofe in the morning with
that {pafm which is commonly called a crick in the neck ;
{o violent, that her head was drawn afide toward one fhoul-
der, and could not be ftirred any way without caufing an
acute pain. I ordered her to place herlelf upon a ftand fup-
ported by feet of glafs, with a defign to electrify her; and
defired a perfon prefent to draw {parks with a finger from
the point where the greateft pain was felt when fhe at-
tempted to move her head. By this means, in a minute or
two, her head came nearer to the perpendicular, and by
continuing the operation, was very foon reftored to its na-
tural pofition. Some forenefs remained in the part; but
that was eafily removed by keeping her neck warm. All
the fparks that were drawn upon this occafion raifed fo ma-
ny little red puftules or blifters ; which I think is not ufual
if the part be in an healthy ftate.

1ad THis
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Turs complaint, though lefs in degree, is the fame 7
[pecie with that above-mentioned ; and is {ometimes of bad
confequence, as it hath been known to be fixed upon a per-
fon for feveral years by being improperly treated at firft.
Now if ele@ricity can give fuch immediate relief in one of
thefe cafes, much might be expected from it in the other.
And the probability of this will farther appear, if we con-
{ider the ordinary methods of cure, which are the fame in

intention with thofe prefcribed by Hippocrates, and thefe -

are, bleeding, frition, fudorifics (if they can be admini-
ftered ) and anointing the patient externally with the effen-
tial aromatic oils, as of cloves, mace, oil of turpentine &c.
for thefe oils are but {o' many vehicles of elementary fire.
And would not the agent itfelf, unincumbred with the ve-

hicle, and pafling inftantaneoufly through all the moft mi-. ¢

nute duéts of the part affe¢ted, produce the defired effedt

with much grcater {peed and efhicacy, with lefs trouble, and_

equal fafety ?

Tue force of the ele&rical fire is principally ‘exerted up- -

on the merves and zemdons of the body: whence there 1s
reafon enough to believe, that this fluid is the fame with
that ﬁ:mezémg which learned phyficians have fo much dif-
courfed upon under the name of animal [pirits. The nerves
do not appear as if they were defigned to admit within them
any animal-fluid or liquor, unlefs it be an indolent lymph
which is neceffary to keep them moift: but their pellucidity
indicates that they are properly adapted to give a direct
paffage to the fluid of /Zght; for they are tranfparent, and
that not tranfverfely, but longitudinally, or in the direction
of their fibres. I once obferved this accidentally, as fome
eyes of theep and oxen, which I had procured in order to

diffe& them, were lying before me upon my table. On?_
o

*
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of thefe eyes /hone in the day-time, much in the fame man-
ner as the eyes of fome animals do in the dark. Not being
able to account for this, I endeavoured to examine the fact
as narrowly as I could; and at length perceived, that if my
hand were interpofed between the neareft window and the
extremity of the optic nerve (a part of which, nearly an inch
in length, remained with the eye, and was accidentally pointed
toward the window) the light immediately difappeared.
~Tu1s led me to confider, whether the light that appears
in the eyes of fome animals in the night time, is really a 7e-
Jlexion of light from the eye, as is commonly fuppofed ; or
whether it does not rather pafs into the eye, through the
optic nerve, from the body of the animal? Dr. ZZ77#/lis calls
it jubar infitum 3 and, for my own part, I cannot conceive
how this fhining can be occafioned by a reflexion of light
from the choroides in the bottom of the eye, when the light
to be reflected (as in a dark night) is not vifible before its
entrance into the eye.

IF a candle be held before the eyes of a dog, and you
place yourlelf in the line of reflexion, the light will be vi-
fibly refleGted from his eyes, becaufe the illumination is fuf-
ficiently ftrong: but when there is no vifible illumination
at all, how fhould it account for the like effe&t? whence it
is more reafonable that this appearance fhould be owing to
a light from within the body of the animal, which being
weaker than the light of the day, but ftronger than the light
of the ‘night, is vifible in the night and not in -the day.
The light of thofe other bodies which fhine in the dark, is
inherent in the bodies themfelves ; as in putrifying veal, fifh,
. rotten wood, phofphorus, the glow-worm &c. concerning
the laft of which, that eminent anatomift and philofopher
T. Bartholine hath this obfervation — Habent ille (cicindele j_

 fd 7
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Ji examinentur, lucidum bumorem in pofteriore parte corpuf~
culiy, ubi cor latet, quo movetur cor & illuminatur, tamdin
Splendore fuo relucentem, quamdiu cor vivit & movetur. i
tam patulum oculis noflris effet pecius animalium, quam ci- |
cindele. tranfparens corpufculum, forfan non abfimile lumen in !
corde appareret, quod extinguitur quamprimum externo aers
patet. &e. < If a glow-worm be examined, it will appear
to have a lucid liguor in the binder part of its body where the :
heart is placed, by which the heart is moved and illuminated;
and this fluid retains its light, fo long as the beart of the in-
Jfec? retains its life and motion. Were the breafls of animals
as pervious to the [ight as the tranfparent body of the glow-
worm, perbaps. a light, analogous to this, might appear about ¢
the region of the beart, which light is extinguifbed the moment
it is expofed to the open air.” 'T. Barthol. Epift. de flammula -

cordis. p. 4. | P it

Onx ChraAP IE

An addition to the note at page 153 — 154

PEAKING of the force that is exerted in the experi- J
ments on artificial freezing, I have called it a force =
which art weuld find it difficult to meafure. Such I them

imagined it to be, and contented myfelf with relating an
experi-
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-experlment from which it could only be guefled at in the

gmﬁcﬁ manner. But being defirous of obtaining fome cer-
tainty in an affair which deferves a deeper examination, I

. contrived a way, this laft winter, of meafuring this force to

~ a fufhicient degree of exadinefs.

I made ufe of the dox already dcfcnbecl in the forEgmng
part of this note. It was filled as before with water purged
of its air ; and being covered, but not fcrewed down, it

‘was placed upon an oaken pLdf.ftal which had for its bafe
a flat hewn ftone of about a foot fquare. The fhorter arm

of a very ftrong lever was made to prefs upon the top of it;
and this lever was compounded with two others, by which
the power of it was greatly increafed. At the extremity of

the longer arm of the moft remote lever, a cord was faft-

ened, which ran over a pulley, and had a weight of 28 Ib.
hanging at the end of it. This weight, acting as a mecha-
nical power, made the fhorter arm of the firft-mentioned
lever prefs down the cover of the box with a certain force,

‘which, according to the general law of all mechanics, was.

to the 28 1b. at the end of the line, as zbe [pace moved
through by the power, to the [pace moved through in the fame
time by the weight : but thefe fpaces being compared with
each other, I found that the greater was to the lefler as §2
to 1. So that if we multiply 28 by 82 the produét will be
2296 lb, to which fomething muft be added for the fric-
tion of the machine, though I took what care I could to
render its motion as true and eafy as poflible. While the
cover of the box was prefled down by fo great a weight,
the water inclofed within it was made to freeze; and the
agent by which the water was congealed did fairly over~
come the whole force of the machine.

TaouGH!
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TuoucH this experiment fucceeded fo far as to give me

the fatisfaction I wanted, it was interrupted by an accident
I did not look for. When the water began to freeze, and
the cover of the box to be raifed up from the rim, I per-
ceived that the ground yielded under the preflure, and that
the flat ftone which ferved as a bafis to the pedeftal was
funk a little below its firft pofition. By this means the force
was at firft {fpent upon the ground, and did not take place
in the machine, till the ground would no longer give way.
It was, however, {o fenfibly perceived in the machine like-
wile, as to prove that this force was at leaft fuperior to oze
ton, two bundred and ninety fix pounds. How much greater
it may prove to be, I cannot as yet affirm ; though I be-
lieve my apparatus would anfwer the purpofe if it were re-
quired to purfue the experiment to the bottom. But there
are fo many circumftances to be nicely attended to in order
to make it fucceed, and fo much time and trouble to be be-
ftowed upon it out of doors in cold weather, that my pa-
tience was wearied out, for this winter at.leaft, by a fingle
attempt. {.Of

TwE cavity of the box, as I find by gauging it, contains
5 cubic inches and ;. Water when it freezes commonly
- increafes in its bulk by ; of the whole : therefore the fpace
occupied by the mther which exerted all this force upon the
machine, was equal only to about 5 of a cubic'inch. And
hence it will appear by a calculation, not worth particulari-
zing, that the force of this @ther (even in this experiment,
which undoubtedly falls very far fhort of the whole truth)
was about two bundred and feventy three times greater than

the ordinary pre[fure of the atmofphere.

ME'.-

Wi b il

-
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- MR, B. Robins, the engineer, found by feveral accurate
experiments, that the force of fired gunpowder is about
1000 times greater than the preflure of the atmofphere :
and the force of that agent which confolidates water into
ice, may be found equal to it, for ought that has yet ap-

peared to the contrary. We do not wonder at the power of
fire, when it a&ts with a vehement degree of Aeaz, altho’

its effe@s are fo great that nothing can withftand it, as in
gunpowder, and in the engine for draining mines by the
ftecam of boiling water. But here we have the fame fub-
ftance (for the water was perfectly cleared of its air) ex-
erting a moft aftonifthing force, even when reduced to the
temperature of 7¢; and we may judge from the pheeno-
mena Of cobering bodies, that this force will be greateft when
the cold is greateft,

Tae expanfion occafioned by heat, and this expanfion of
water bjr);l:oﬁ, are certainly not to be accounted for in the
fame manner. My own opinion, which I readily fubmit to
the judgment of others, is this — that the force of Aear arifes.

- from a vehement w0707 and vibration of the particles of fire;

whereas this cold force, like the fhock in eleétricity, doth

“not proceed from elementary fire as it gives heat, but as it

 reflores an equilibrium which by {fome means hath been in-

terrupted.

.. Tris diftin&ion I would fupport, by giving an inftance
of fomething fimilar to it in the element of air, which as
in two feveral capacities, viz. as wind, and as found, cor-
refponding refpectively with thofe two different operations
of fire. Sound arifes from a vibrarion or undulatory motion

_ of the parts of air; whereas wind rufhes into a more rarefied

fpace to reflore an equilibrium. And what is very wonderful,

and very true, though it be hard enough to conceive, thefe
WO
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two operations will either meet or crofs without difturbing

one another. If a great gun be fired two or three miles off |

to the eaffward, and the wind blows hard at the fame time
from the weffward, the found will arrive in the fame {pace
of time as if its motion had concurred with the motion of
the wind. In fome degree, the fame thing is obfervable
even in fuch a fluid as water ; one fiream of which, if it
moves {wiftly over a fmooth bottom, will crofs many others
nearly at the fame angle, and appear to have fuffered little
or nothing from them, as I have frequently obferved with
{fome {urprize.

Twuese confiderations will enable us to {ee in a. proper
light the following experiment, to which I have alluded at

p- 134 /. 19. though I did not think it neceffary to men- .

tion it in that place.

I an iron bar of fome length be heated red hot in the
middle, and you electrify it at one end, a {park of the elec-
tric zther may be drawn from the other. Such philofophers
as do not carefully diftinguifh between the motions of fluids

and thofe of {olid mafles, will afk us how this can be, ‘if
fire and the eleétric @ther are fuppefed to be the fame

thing ? Here is elementary fire going off in a ftream at -

right angles to the axis of the bar; while the ele@ric ther
can go {trait from one end to the other, without being ab-
forbed, diffipated, and carried off in the common ftream at
the place which is red hot, or without being aéﬂruéi'ed in
its paflage by a fluid of the _/E:me kind, as there is reafon to
believe. it would be. But indeed there is not the leaft reafon
to believe this, as the parallel now before us will plainly
demonftrate. For when a cannon is fired off, the air is

thrown into fubtil waves, {preading themfelves very fwiftly

throughout a circular fpace, of which the fonorous body is

the

r- ¥
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the centre. But a ftrong wind will blow acrofs this fpace,
even through the centre of it, without being ftopped itfelf,
and without retarding the motion of the found. How un-
philofophical weuld it be to argue from this obfervation,
that the element which brings found to the ear, and the air
which blows acrofs it as a wind, are two different fluids?
Who will venture to fay, that the current of wind or the
waves of found ought to be obffructed by a fluid of the fame
kind, {eeing all this is falfe by experience? And if in the
air two fuch effecs can be produced without any confider-
able difturbance, and may confift well with each other
though they are apparently oppofite and inconfiltent; how
much more will they confift in the element of fire, the fub-
tilty of which will admit of a greater variety of motions,
all of them more perfe& in their kind, as fire is more fub-
til than air.

Tuis experiment may alfo be rightly underftood only by
confidering what effec the preffure of the air will have on
the furface of the iron bar. For if the part that is red-hot
could by any contrivance be included in a fpace exhaufted
of air, the fire would be diffipated, and the bar would grow
cold much fooner there than in the open air. Now the fame
preflure which will {uffer the fire to elgape but {lowly, and in
a certain furplufage, under the form of Aeat, doth alfo fupprefs
and keep in the eleZrical current, fo that it fhall go freely
from one end of the bar to the other without being difli-
pated; whereas this, together with the heat, would be difii-

pated iz an exbaufled [pace as faft as it could be infufed.

Mm PAGE
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Ony Boox IV. Cuar I

AGE 188. /. 6. &c. Men of learning have been divided
in their {entiments concerning the optical knowlege of
the ancients. Some are fo {wallowed up by an admiration
of the difcoveries that have been made in the laft and in the
prelent century, that they are tempted to pals fentence up-
on the fkill of the ancients, before they know what the
ancients have faid for themfelves; and they imagine there is
abfolutely nothing to be faid un the oppofite fide of the
ueftion but what arifes from an irrational attachment to
the wifdom of antiquity. But, fetting apart all prejudice to
one fide or the other, I fhall humbly offer a few fhort hints,
only as an encouragement to fome farther examination of
the fubje&, by thofe who have learning and leifure: tm:mgh
to undertake it. .
Tuart the ancients were acquamted with the é
power of mirrors and glaffes is not difputed. M. Bﬁﬁbﬂ of
Paris contrived a method fome few years ago of fetting deal
boards on fire by the refleted rays of the fun, at the dif-
tance of 200 feet, merely by a proper application of a num-
ber of plane looking-glafles : an experiment which did in a

great meafure re-eftablifh: the credit of what: has been re-

ported of Archimedes burning the fhips of the Remans at a
confiderable diflance from the walls of Syracufe. See Phil.
Tranfact. N° 483, Butalthough burning-glafles were known
to the ancients, the moderns have denied that they did ever
obferve the power of glafs in m.:zgm_)ﬁrmg objedts, afErmmg
that not the leaft hint of fuch a thing is to be found in any
of their writings. How they could be poflefled of the art :
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of glafs, and make a daily ufe of glafs veflels of all forts,
without obferving that objelts appear larger through glafs
that hath a {pherical furface, would to me, I confefs, be
hard enough to conceive, though there were not a fingle
paflage of antiquity that made any mention of it. But that
the ancients did actually obferve this, is clear from their own
accounts. Seneca has thefe words — Poma per vitrum afpi-
cientibus multo majora funt — or, as he expreffes it in an-
other part of the fame book — /i innatant vitro — “ apples
““appear greatly magnified to thofe who view them as they
“fwim in a veflel of glafs.” WNat. Quaff. lib. 1. cap. 6.
This obfervation, it may be faid, if they went no farther,
could not be applied to any ufe; the advantage that might
be obtained by immerging the leaf of a book into a veflel
of water, in order to fee the letters fomewhat magnified,
would never be worth the trouble., To read {mall letters
with any tolerable convenience, either a portion of a {phere
of folid glafs, or an hollow {phere of glafs filled with water,
muft be placed between the obje@ and the eye of the fpec-
tator. The latter of thefe they certainly had in ufe, and
applied them as digpzric burning-glafies. That they could
do this, and be ignorant of their magnifying power, would
not be credible ; and the contrary is plainly afhirmed. Seneca
obferves — Literse guamvis minute & obfcure, per vitream
pilam agud plenam, majores clariorefque cernuntur. * Let-
¢ ters, though minute and obfcure, appear larger and clearer
¢ through a glafs bubble filled with water.” Ibid. cap. 7.
It is {carce probable that any curious mathematician, of
whom there were many among the ancients, thould have
been familiar with fo important an experiment without go-
ing farther : but how could this be done, unlefs they un-

derftood the way of grinding glafs, {o as to form it into
Mm 2 portions
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portions of larger fpheres ? 70 do this (fays Dr. Hook) they

muft ~have known how to have wrought and graﬂmf their
glafles as we do; whereas in all probability the ancients knew
only how to blow sheir glafles and make veffels of it. See Dr.
Smith's Optics. Vol IL. p. 16. Art. 94 of the Remarks.
But here Dr. Hook was under a miftake; for the ancients
gave a figure to their glafs, not by blowing only, as he has

- imagined, but by the three different methods in ufe with |

the moderns. Pliny defcribes the pradice of the ancient
artifts in thefe words — Aliud flatu figuratur, alivd TORNO
TERITUR, aliud argenti modo ceelatur, Sidone quondam
iis officinis nobili, ﬁgzudem etiam [pecula excogitaverat, Hee
fuit ANTIQUA RATIO VITRI. “Some glafsis fa-
““ {hioned by blowing; fome is ground upon a wheel, orin
““a turning-lath ; and fome is engraved like filver.  Sidon
¢ was ceiebrated for its glafs-wnrks, having alfo invented
“ fpectla. Such was the ancient art of glafs.”  MNaz. Hift.
lih. 36. cap. 26. In another place me_y calls this clty of
the Phanicians — Sidon artifex vitri. Lib. 5. cap. 20. As
to the words — figuidem etiam [pecula excogitaverat — I
quote them as they ftand in the text of the variorum edi-
tion; but the fenfe of the author is not clear. " He 'may
poflibly mean more than we fhould expe&t: [fpecula is a
proper word to fignify zele ﬁope.f and excogitaverat muft
allude to fome notable 7zvention. But as we may fift out of
a dark expreflion mere than the author himfelf undcrﬂﬂﬂd
by it, I dare not lay any great firefs upon it. '

Tuar glafs was ground by the ancients, may be pmveﬂ
from the writings of Seweca ; for how could a prifm of glafs
be made by blowing 2 Yet “fuch things were in ufe among
the wvirtuofi of Rome in the days of Nero — Virgula folet
ﬁem vitree — pluribus smgﬂfrs g ﬁ ex tranfverfo /&Jam

_ accipity
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accipit, colorem talem, qualis in arcu wideri folet, reddit.
¢ A rod or bar of glafs (falth Sereca) is made, with feveral
€« angles which, if it receives the rays of the fun through
¢¢ it, makes fuch colours as we fee in the Rambew.” Nat.
Qmeﬁ lib. 1. cap. 7. And he {peaks of multiplying glafies,
the feveral faces of which muft undoubtedly have been cut
upon a wheel. 87 apte fabricata foret, totidemn redderet fo-
fﬂ‘, quot babuillet infeCiuras. Ibid. But there is one obfer-
vation I ought not to omit, v72. that although Sexeca {peaks
. fo exprefily of the ufe of glafles, and mentions the refrac-
tion of an oar in the water, he does not feem to have any
idea of the principles upon which thefe effects are bmu;:ht
afs.
_ gPECTACLES are {uppofed to have been firft known '1bﬂut
the latter end of the 13th century: but there is little doubt
to be made that our famous countryman Friar Bacon was
acquainted both with. {pectacles and telefcopes before that
. time... Upon any ether {uppofition, his own expreilions on
the fubjeét are altogether unaccountable. And I am inclined
to believe, that fome traces may be found of an earlier date.
Amonglt the adages of Funius (publithed in the fame vo-
lume with thofe of Erafmus) this thort pafiage is extracted
~ from Pifidas, a chriffian writer who flourithed at Conflanti-
7 k in the '?th century — Ta wpevorro ws dia Sy ou LAewes
“ you fee things future as by a dioptrum.” What can this
dioptrum be? Muft we not underftand by it either a /pec-
tacle-glafs or a profpeftive-glafs 2 We know of no other in-
ftruments whereby things indiftinét and at a diftance may
be feen as if they were near at hand. The art by which
this is brought to pals is plamly the fubject matter of the

ﬁmllc. The author (funius) in whom I accidentally met
i with,
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with this paflage, being himfelf ignorant of the telefcope,
takes this dioptrum for the fghts of a quadrant, or fome
other geometrical inftrument. But how can thefe fights
(unlefs they are zele ﬁap:e:: ones) afford any refemblance to
that prophetical fagacity in the mind, wht:reby it {fees things
as yet at a diftance ; to which nothmg in the world can be
fo nearly like, as that power of feeing diftant objeéts by the
help of optlml glaffes. As to the plain fights of a quadrant
&c. the eye is {fo far from being aﬂiﬁed by them when it
views a diftant obje&, that the chief difhiculty an artift has
to contend with, is that of making the accuracy of the line
of collimation upon the inftrument confift with clear :md

diftinét vifion. |
IT may feem ftrange indeed, that if diopzric gfaﬂé: were
anciently in ufe, we fhould hear of them no oftener in the
writings of the ancients: < This may be hard to account for ;
and yet it may be very unfafe to draw a pofitive conclufion
from negative evidence. Friar Bacon mentions the refrac~
tions of the fun’s rays through a glafs fphere: but as‘he
does not fay zotidern verbis that he ever viewed an obje&
through f{uch a {phere, the learned Dr. Swith is of upmmn
(if T do not mifunderftand him) that he had no experience
of its magnifying power. See Opticks. Vol. IL. p. 21. R.
And had Semeca defcribed his glafs ball filled with water
only as a burning glafs, this mlght have tempted us to ar-
gue, that he knew nothing of its ufe in magnifying letters s
only he happens to have precluded fuch a conjecture by de-
claring the contrary. He might know more than he has
{poken of : the mathematicians and workers in glafs of thofe
days might know more than he did : and the ancient Greeks
and Phenicians might know more than the Lasins : but the
accounts
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accounts we have of many ancient works of art are fo much
broken by the injuries of time, the ambiguities of language,
the fucceeding interefts of different fects of philofophers,
and the barbarifm of the intermediate ages, that it muft
now be very difhcult to eftablifh this fuppofition by fo many
and clear proofs as ought to be deemed fatisfactory.

Ir we thould argue &y inference, the cafe will be a little
altered. The cabinets of the curious are faid to contain
fome very ancient gems of admirable workmanfhip, the fi-
gures upon which are fo {mall, that they appear beautiful
through a magnifying glafs, but altogether indiftin& and
confufed to the naked eye. And if they cannot be viewed,
how could they be wrought without the affiftance of glaffes?
How could it be known, that the moon has a form like to
that of the earth ; that it has plains, hills and vallies in it ?
When it is {een through a telefcope, the difpofition of the
lights and fhadows render this very evident upon the com-
mon rules of perfpedtive; but no {uch thing appears to the
naked eye. How could it be known, that the viz laffea
arifes from the combined rays of an infinite number of fmall
ftars? How came the true folar {yftem to have been fo well
known and defcribed by the moft eminent philofophers of
antiquity ; when the beft, and indeed the only decifive proofs
of it muft be derived from the telefcope? But above all,

‘how came it to be aflerted (as we have already feen at p.192)

that zhe [phere of the fixed flars is Jo immenfe, that the circle
of the earth’s annual orb bears no greater a proportion to it
than the  centre of any Jpbere bears to its whole Surface ?
This does fo far exceed the comprehenfion of the human
mind, that it is now the moft indigeftible truth in the mo-
dern aftronomy ; and never was afferted fince the revival of

the
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the Pyﬁéagarmﬁ fcheme, till Dr. Bradley, by a courle of

the moft accurate obfervations that ever were t'ﬂ"ldf: ‘with a
telefcopic apparatus, reduced the annual pﬁzrafiﬂx of the ﬁXl:
ftars to an infenfible quantity. .

Many ingenious men, and fome good mathemaﬂua.ns
who never defcended to the praétical part of aftronomy, are
ready to fufpect the truth of all fuch conclufions in the fci-
ence as depend upon the meafuring of angles to a very few
fecond minutes of a degr&e But for my own' part, . though
I would not be bound to follow the _/ﬁem!aﬂam of every
modern aftronomer, I am not difpoled to queﬂlﬂn the truth
of any aftronomical dilcoveries pretended to dy fo great a
mafter of the fcience as Dr. Bradley, furnifhed as he is too
with the fineft inftruments in the world : and I think I can
guefs very nearly at the degree of exactnefs that may. be ‘at-
tained, by what I have been able to learn in this way from
my own {:xpenence I beftowed. fome pains in contriving
-and executing an inftrument of a large radius, with telefco-
pic fights &c. which in the many obfervations I. have mad'e
with it, has far exceeded my firft expeétations. In-

1761 I had an opportunity (which I had long defired ) nf
obferving the obliguity of the ecliptic; and knew I could fo

far depend upon the obfervation, when compared with that
of Mr. Flamfleed and fome others, as to be morally certain
that this obliquity is not {o great at prefent, by about oze
minute of a degree, as it was an hundred years ago. T tranf-
mitted the refult of my obfervation to a learned gentleman,
eminently fkilled in aftronomical ﬁudies, who has very lately

informed me, that it differs only 2" from  the ubllqult}' 2tod

that time as determined by Dr. Bradley.
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THEesE few reflexions on the optical knowlege of the an-
cients I have thrown haftily together, merely as an eflay, to
be carried farther (if it is worth it) by thofe who are more
advantageoufly fituated for fuch an employment. My read-
ing is {fo circumficribed by the books in my own ftudy, that
I have no opportunity of going any deeper into this affair
at prefent : nor have I any intereft on one fide of the quef-
tion or the other. As the ancients were in pofieflion of
much valuable truth, and have delivered down to us the beft
elements, and fome of the higheft conclufions, in almoft
every fcience; it is a piece of juftice due to them from all
men of letters, never to pronounce upon them from their
own prejudices; but to obtain what light they can by a
perufal of their writings: an employment which will be
attended with more pleafure and fatisfaction, and turn alfo
to a much better account, than the taking up of an opi-
nion uwpon truft from any modern writer whatfoever,












