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an ancient family, which had been long in poflef-

fion of the ifland of Tirrize, upon the coaft of Ar-

gylefbire.  His grand-father, Daniel, removing to
Inverara, greatly contributed to reftore that town, after it
had been almoft entirely ruined in the time of the civil
wars ; and, by fome memoirs which he wrote of his own
times, appears to have been a perfon of worth and {uperior
abilities.  Fohn the fon of Daniel, and father of our author,
was minifter of Glendernle; where he not only diftin-
guithed himfelf by all the virtues of a faithful and diligent
paftor, but has left, in the regifter of his provincial {ynod,
lafting monuments of his talents for bufinefs, and of his
public fpirit. He was likewife employed by that fynod in
completing the verfion of the pfalms into Irifb, which is
ftill ufed in thofe parts of the country where divine fervice
is performed in that Janguage. He married a gentlewo-
man of the family of Camerom, by whom he had three
fons ; Fehm, who is ftill living, a learned and pious divine,
one of the minifters of the city of Glafzew ; Daniel, who
died young, after having given proo's of a moft extraor-
dinary genius ; and Go/in, born at Kilmsddan in the month
of February 1648,

COLIN MACLAURIN was defcended of

a4 His



it An Account of the Lire and WriTINGS

His father died fix weeks after ; but that Jofs was in a2
good meafure fupplied to the orphan family, by the affec-
tionate care of their unicle Mr. Daniel Maclaurin, minifter
of Kilfinnan, and by the virtue and prudent ceconomy of
Mrs. Maclaurin. After fome ftay in Argylefhire, where
her fifters and fhe had a {mall patrymoniai eftate, fhe re-
moved to Dwumlarten, for the more convenient education
of her children : but dying in 1507, the care of them de-
volved entirely to their uncle.

" In 1709 Colin was fent to the univerfity of Glafgow, and
placed under the care of one of the beft men, and moft
eminent profeflors, of this age, the learned Mr. Gerfhom
Carmichael. Here he continued five years, applying him-
felf to his fludies with that fuccefs which might be ex-
pected from parts like his, cultivated with the moft indefa-
tigable care and diligence. We find, amongft his oldeft
manufcripts, fragments of a diary in which he kept an ac-
count of every day, and of almoft every hour of the day ;
of the beginning and fuccefs of every particular ftudy, en-
quiry or inveftigation : of his converfations with learned
mnen, the fubjeéts of them, and the arguments on either
fide. Here we read the names of Profeflor Carmickael,
the celebrated Mr. Robert Simjon, Dr. Febufion, and feveral
other gentlemen of learning and worth 5 who all vied who
fhould moft encourage our young philofopher, by opening
to him their libraries, and admituing him into their moft
intimate fociety and friendfhip. He could not, afterwards,
find time to kecep fo formal a regifter of his life, but we
are aflured the habit never left him; and that every hour
of it was continually filled up with fomething which he
could review with pleafure.

His genius for mathematical learning difcovered itfelf fo
early as at twelve years of age, when, having accidentally
met with a copy of Ewclid in a friend’s chamber, in a few
days he became mafter of the firlt fix books without any
afliftance : and thence, following his natural bent, made
fuch a {urprizing progrefs, that very foon after we find him
engaged in the moft curious and difficult problems. Thus
much is ecrtain, that in his {ixteenth ycar, he bad alrezdy

invented
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invented many of the propofitions afterwards publifhed un-
der the title of Geometria Organica.

In the fifteenth year of his age he took his degree of
mafter of arts, with great applaufe ; on which occafion he
compofed and publicly defended a Thefes on the power of
eravity : and after having fpent a year in the ftudy of divi-
nity, he quitted the univerfity, and lived, for the moft part,
in an agreeable country retirement at his uncle’s houfe,
till near the end of 1717, In this retirement, he purfued
bis ftudies with the fame afliduity as he had done at the
univerfity ; continuing his favourite refearches in mathe-
maticks and philofophy, 2nd at other times reading the
beft claffic authors ; for which he naturally had an exceed-
ing good tafte.

In the intervals of his ftudies, the lofty mountains amidft
which he lived would often invite him abroad, to confider
the numberlefs natural curiofities they contain, and the in-
« finite variety of plants that grow on them; or to climb to
their tops, and enjoy the moft extenfive and moft diverfi-
fied profpefts. And here, his fancy being warmed by the
grand fcenes which prefenited themfelves, he would fome-
times break out into a hymn or poetic rhapfody on the
beauties of nature, and the perfections of its Author. Of
thefe fome fragments ftill remain; which, tho’ fo un-
finithed that it can be only thro’ forgetfulnefs they have
not been deftroyed, yet fhew a genius capable of much
greater things in that way. His friends, however, are
obliged to the accidents that have preferved them, together
with fome others of his juvenile performances; for how-
ever unfit they may be for the public view, they fhew the
progrefs he had made in the feveral parts of learning, at
the time they were written: and what can be more de-
lightful, than to obferve the gradual openings and improve-
ments of a mind like that of Mr. Maclaurin ?

In the autumn of 1717, he prefented himfelf a candi-
date for the profeflorfhip of niuthematics in the marifhal
college of Aberdeen, which he obtained after a comparative
tryal of ten days with a very able competitor : and being
fixed in his chair, he foon revived the tafte of mathemati-

cal
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cal learning, and raifed it higher than it had ever been in
that univerfity.

During the vacations of 1719 and 1721, he went to
London with a view of improving himfelf, and of being in-
troduced to the illuftrions men there. In his firft journey,
befides Dr. Fosadly then bifhop of Bangsr, Dr. Samuel
Clarte, and feveral other eminent men, he became ac-
quainted with Sir ffaac Newton 5 whofe friendfbip he ever
after reckoned the greateft honour and happinefs of his
life, He was admitted a member of the Royal Society s
two papers of his were inferted in their tranfaions, and
his book intitled Geometria Organica was publifhed with the
approbation of their prefident.

In his fecond journey to Londom in 14921, he became ac-
quainted with Aartin Foltes, Efq; now prefident of the
royal fociety ; with whom he thence forth cultivated a moit
entire and unreferved friendthip, frequently interchanging
letters with him, and communicating all his views and
improvements in the {ciences.

In 1722, Lord Polwarth, Plenipotentiary of the King
of Great Britain at the congrefs of Cambray, engaged Mr.
Maclaurin to go as tutor and companion to his eldeft fon,
who was then to fet out on his travels.

After a fhort ftay at Paris, and vifiting fome other
towns in France, they fixed in Lorrain; where, befides
the advantage of a good academy, they had that of the
converfation of one of the moft polite courts in Eurape.
Here Mr. Aaclaurin gained the efteem of the moft diftin-
guifhed perfons of both fexes, and at the fame time quick-
ly improved that eafy genteel behaviour which was natural
to him, both from the temper of his mind, and from the
advantages of a graceful perfon. -

It was here likewife that he wrote his piece on the per-
cuflion of bodies, which' gained the prize of the Rayal
Academy of Sciences for 1724 ; the fubftance of this tract is
inferted in his Treatife of Fluxions, and alio in Bosk 1l
Chap, 2. of the following work. &
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Mr. Maclaurin and his pupil having quitted Lorrain,
were got as far on their tour as the fouthern provinces of
France, when Mr. Hume was {eized with a fever, and died
at Montpelier. An event fo fhocking muft have affected
a heart lefs fenfible and tender than Mr. Maclaurin’s : in
fome letters written on this occafion, he appears quite in-
confolable. His own grief for his pupil, his companion,
and friend; and his fympathy with a family to which he
owed great obligations, and which had fuffered an irrepa-
rable lofs in the death of this hopeful young nobleman,
rendered him altogether unhappy. Travelling and every
thing elfe was become diftafteful, fo he fet out immediate-
ly on his return to his profeffion at Aberdeen.

But being now univerfally diftinguithed 2s one of the
firlt genius’s of the age, fome of the curators of the uni-
verfity of Edinburgh, were defirous of engaging him to
fupply the place of Mr. Fames Gregory, whofe age and in-
firmities had rendered him incapable of  teaching. Several
difficulties retarded this defign for fome time ; particularly,
the competition of a gentleman eminent for mathematical
abilities, who had good intereft with the patrons of the
univerfity ; and the want of an additional fund for the
new profeffor. But both thefe difficulties were got over,
upon the receipt of two letters from Sir Jfaae Newton.
In one, addrefled to Mr. Maclaurin, with allowance to
fhew it to the patrons of the univerfity, Sir /faac exprefles
himfelf thus; ¢ I am very glad to hear that you have a
¢¢ profpett of being joined to Mr. Fames Gregory in the
¢c profeflorfhip of the mathematics at Edinburgh, not
¢ only becaufe you are my friend, but principally becaufe
¢ of your abilities, you being acquainted as well with the
€ new improvements of mathematics, as with the former
¢ ftate of thofe fciences ; I heartily with you good fuc-
¢ cefs, and fhall be very glad of bearing of your being
eleGted ; I am, with all fincerity, your faithful friend
and moft humble fervant.”

cc
[ 14

In a fecond letter to the then Lord Provolt of Edin-
burgh, which Mr. Maclaurin knew nothing of till fome
years after Sir ffaac’s death, he thus writes, I am glad

te



vi  An Account of the LLire and WriTiNGs

¢¢ to underftand that Mr. Aaclaurin is in good repute
«¢ amongft you for his fkill in mathematics, for I think he
¢t deferves 1t very well ; and to fatisfy you that I do not
¢ fatter him, and alfo to encourage him to accept the
¢¢ place of affifting Mr. Gregory, in order to fucceed him,
¢« ] am ready (if you pleafe to give me leave) to contri-
¢ bute twenty pounds per axnum rowards a provifion for
¢ him, till Mr. Gregory’s place become void, if I live fo
¢ long, and I will pay it to his order in Londom.”

In Nevember 1725, he was introduced into the univer-
fity : as was at the fame time his learned collegue and
intimate friend, Dr. dlexander Monro, profeffor of apa-
tomy. After this the mathematical claffes foon became
very numerous, there being generally upwards of 2 hun-
dred young gentlemen attending his leCtures every year :
who being of different ftandings and proficiency, he was
obliged to divide .hem into four or five clafles, in each of
which he employed a full hour every day, from the firft of

Nowember to the firlt of Fune.

In the firft or lowelt clafs, (fometimes divided into two)
he taught the firft fix books of £ac/id’s Elements, plain
trigonometry, practical geometry, the elements of forti-
fication, and an introduction to algebra. The fecond
clafs ftudied algebra, the 11th and 12th books of Euclid,
fpherical trigonometry, conic fettions, and the general
principles of aftronomy. The third clafs went on in
aftronomy and perfpective, read a part of Sir Jfaac New-
ton’s Principia, and had a courfe of experiments for il-
luftrating them, performed and explained te them. He
afterwards read and demonftrated the elements of fluxions :
thofe in the 4th clafs read a {yftem of fluxions, the doc-
trine of chances, and the reft of Newton’s Principia,

ANl Mr. Maclaurin’s leGtures on thefe different fubjedls
were given with fuch perfpicuity of method and language,
that his demonftrations feldom ftood in need of repetition :
fuch, however, was his anxiety for the improvement of
his fcholars, that if at any time they feemed not fully to
comprehend his meaning, or if, upon examining them,
he found they could not readily demonftrate the propofi-

tions
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-tions which he had proved, he was apt rather to fulpect
his own expreflions to have been obicure, than their
want of genius or attention ; and therefore would refume
the demonftration in fome other method, to try if, by
expofing it in a different light, he could give them a better
view of it. .

Befides the labours of his public profeffion, he had fre-
quently many other employments and avocations. If an
uncommon experiment was faid to have been made any
where, the curious were defirous of having it repeated by
Mr. Maclaurin: if an eclipfe or comet was to be obferved,
his telefcopes were always in readinefs. The ladies too
would fometimes be entertained with his experiments and
obfervations ; and were furprized to find how eafily and
familiarly he could refolve the queftions they put to him.
His advice and affiftance, efpecially to the young gentle-
men who had been his pupils, was never wanting ; nor
was admittance refufed to any, except in his teaching
hours, which were kept facred. His acquaintance and
friendthip was likewife courted by the ingenious of all
ranks ; who, by their fondnels for his company, took up
a great deal of his time, and left him not mafter of it,
even in his country retirements, Notwithftanding the ne-
ceflary labour and the many interruptions and avocations
which he had, he continued to purfue his own ftudies with
the utmoft afiduity, reading whatever was publifhed, from
which he could expect any information or improvement.
But to have time for fo much ftudy and writing, he was
obliged to take from the ordinary hours of fleep, what be
beftowed on his {cholars and friends ; and by this, no doubt,
greatly impaired his health,

Sir Ifaac Newton dying in the beginning of the year
1728, his nephew Mr. Conduitt propofed to publith an
account of his life, and defired Mr. Maclaurin’s afirftance ;
who, out of gratitude to his great benefaétor, chearfully
undertook and foon finifhed the hiftory of the progrefs
which philofophy bad made before Sir J/aac’s time. ‘This
was the firft draught of the following work ; which was
immediately fent up to London, and had the approbation of
fome of the beft judges. Dr, Rundle, in particular, af-

terwards
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“terwards bifhop of Derry, was fo pleafed with the defign,
that he mentioned it to her late Ma efty 5 who did it thc
honour of a reading, and exprefled a defire to lce it pub-
lithed. But Mr. Conduitt’s death having prevented the
execution of his part of the propofed work, Mr. Mac-
laurin’s manufcript was returned to him. To this he af-
terwards added the more recent proofs and examples, given
by himf{elf or others, on the fubjefts treated of by Sir //aac,
and left it in the ftate in which it now appears.

M. Maclanrin had lived a batchelor to the year 1733 :
but being formed for fociety as well as for contemplation,
and defirous of mixing more delicate and interefting de-
lights with thofe of philofophy, he married Arne, daugh-
ter of Mr. Walter Stewart follicitor-general to his late
Majeftty for Scotland ; by whom he had feven children, of
which, two fons :}'sén and Gafm, and three daughters, have
fun ived him,

Dr. Berkley bifhop of Cliyne, having taken occafion
from fome difputes that had arifen concerning the grounds
of the fluxionary method, in a treatife intitled the Analy/?,
publithed in 1734, to explode the method itfelf, and, at
the fame time to charge mathematicians in general with
infidelity in religion 3 Mr. Maclaurin found it neceflary to
vindicate his favourite ftudy, and repel an accufation in
which he was moft unjuiftly included. He began an
anfwer to the bithop’s book ; but as he proceeded, fo many
difcoveries, fo many new theories and problems occurred to
him, that, inftead of a vindicatory pamphlet, his work
came out a complete {yftem of fluxions, with their appli-
«ation to the moft confiderable problems in geometry and
natural philefophy.

This work was publilbed at Edinburgh in 1742, in two
volumes in quarto; in which we are at a lofs what moft
to admire, his folid and unexceptionable demonftrations of
the grounds of the method itfelf, or its applicasion to fuch
a variety of curious and ufeful problems,

His
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His demonftrations had been, feveral years before, com-
municated to Dr. Berkley, and Mr, Madlawrin had treated
him with the greateft perfonal refpe¢t and civility: not-
withftanding which, in his pamphlet on tar-water, he
renews the charge, as if nothing had been done; for
this excellent reafon, that different perfons had caonceived
and exprefled the fame thing in different ways.

A fociety having fubfifted fome years at Edinburgh
for improving medical knowledge, Mr, Maclaurin pro-
pofed to have their plan made more extenfive, fo as to take
in all the parts of phyfics, together with the antiquities
of the country. 'This was readily agreed to; and Mr.
Maclaurin’s influence engaged feveral noblemen and gen-
tlemen of the firft rank and charaéter, to join themfelves,
for that purpofe, to the members of the former fociety.
The Earl of Morton did them the honour to accept of the
effice of prefident 3 Dr. Plummer profeflor of chymiftry,
and Mr. Maclaurin were appointed fecretaries ; and feveral
gentlemen of diftinction, Engli/h and foreigners, defired to
be admitted members.

At the monthly meetings of  the fociety, Mr. Mac-
daurin generally read fome performance or obfervation of
his own, or communicated the contents of his letters
from foreign parts; by which means the fociety was in-
formed of every new dilcovery or improvement in the
fciences.

Several of the papers read before this focietv, are printed
in the 5th and 6th volumes of the Adedical Eflays. Some
of them are likewife publithed in the Philofophical Tranf-
altions, and Mr., Maclaurin bad occalion to infert 2 greag
mapy more in his Treatife of Fluxions, and in his account
of Sir [faac Newtor’s philofophy. By which means the
publication of any volume of the works of the fociety has
been retarded :. but we may hope their labours will ftill be
continued with fuccefs, notwithftanding the lofs they have
fuftained by Mr. Maclaurin’s death.

3 - He
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He likewife propofed the building an aftronomical o2-
Jervatory, and a convenient fchool for experiments in the
univerfity ; of which he drew an elegant and well con-
trived plan: and as this work was to be carried on by
private contributions, employed zll his influence to raife
money for that purpofe ; with fo much fuccefs, that had
not the unhappy diforders of that country intervened, the
fabrick might by this time have been far advanced. The
Earls of Morten and Hoptoun fhewed their liberality as
well as their love of the fciences, upon this occafion; as
did the honourable Baron Cler#, vice-prefident of the phi~
lofophical fociety : and feveral noblemen and gentlemen of-
fered to contribute what inftruments of value they were
poflefled of, as foon as the obfervatory fhould be ready to
receive them,

The Earl of Morton being to fet out for Orkney and
Shetland in 1739, to vifit his eftates there, wanted at the
fame time to fettle the geography of thefe countries, which
is very erroneous in all our maps; to examine their natu-
ral hiftory, to furvey the coafts, and to take the meafure
of a degree of the meridian: and, for this purpofe, defired
Mr., Maclaurin’s afliftance.  But his family affairs not per-
mitting him to take fuch a journey, he could do no more
than draw a memorial of what he thought neceflary to
be obferved, furnith the proper inftruments, and recom-
mend Mr. Short, the famous optician, as a fit operator for
managing them.

The account which he received of this voyage, made
him ftill more fenfible of the erroneous geography we
have of thofe parts, by which many fhipwrecks have been
occafioned ; and therefore he employed feveral of his {cho-
lars, who were then fettled in the northern counties, te
furvey the coafts.

The reverend Mr. Bryce compofed from obfervations a
map of the coalt of Caithnefs and Strathnaver, with re-
marks on the natural hiftory and rarities of the country,
together with direétions for fea-faring people. This map
was prefented to the Philofopbical Sogisty at Edinburgh,

and



of the AUTHOR, xi

and publibed by their order. The reverend Mr. Bonnar
drew likewife a map of the three moft northerly iflands of
Shetland, which is among Mr. Maclaurin’s papers; and
we expect foon the geography of the Orkneys corre€led by
- Mr, Mackenzie. It was from obfervations like thefe, made
by Pkiif'ul perfons, and with the beft inftruments, that Mr.
Maclaurin expefted to fee a good map of Scotland ; not
from the flavifh copying of map-fellers, nor from a painful
collecting, and patching together of old draughts and fur-
veys of little authority ; which he thought muft contribute
more to perpetuate than to retify errors.

Mr. Maclaurin had ftill another fcheme for the improve=
ment of geography and navigation, of a more extenfive
nature. After reading all the accounts he could procure
of voyages, both in the {fouth and north feas, he imagined
the fea was open all the way from Greenland to the fouth
fea, by the north pole, - Of this he was fo much per-
fuaded, that he has been heard to fay, if his fituation
could admit of fuch adventures, he would undertake the
voyage even at his own charges. But when fchemes, for
finding out fuch a paflage, were laid before the parliament
In 1744, and he was confulted concerning them by feveral
perfons of high rank and influence ; before he could finifh
the memorials which he propofed to have fent, the pre-
mium was limited to the difcovery of anorth-weft paflage,
and Mr. Maclaurin ufed to regret that the word we/f was
inferted, becaufe he thought that paffage, if at all to be
found, muft lie not far from the pole.

Such was the zeal of this worthy perfon for the public
good, in every inftance; the laft; and moft remarkable,
is that which we are now going to relate.

When it was certainly known, in 1745, that the re-
bels, after having got between Edinburgh and the King’s
troops, were continuing their march fouthwards, Mr.
Maclaurin was among the firft to roufe the friends of our
happy conftitution, from the unlucky fecurity they had
hitherto continued in: and tho” he was fenfible that the
city of Edinburgh, far from being able to ftand the attack
of a regular army, could not even hold out any conft-

b derable
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derable time againft the undifciplined and ill-armed force
that was coming againft it; yet, as he forefaw of how
much advantage it would be to the rebels, to get pofleffion
of that capital ; and, the King’s forces under the com-
mand of bSir Fohn Cope being daily expeéted 5 he made
plans of the walls, propofed the feveral trenches, barri-
cades, batteries, and fuch other defences as he thought
could be got ready before the arrival of the rebels, and by
which, he hoped, the town might be kept till the King’s
forces thould come to its relief. The whole burden, not
only of contriving, but alfo of overfeeing the execution,
of thefe bafty fortifications fell to Mr. Maclaurin’s thare ;
he was employed night and day, in making plans, and
running from place to place ; and the anxiety, fatigue, and
cold to which he was thus expofed; affeéting a conftitution

naturally of weak nerves, laid the foundation of the difeafe
of which he died.

How this plan came to be neglefted, and in what man-
ner the rebels got pofleflion of the town, is not a proper
enquiry for this place. They got poffeffion of it! and,
their fpirits being raifed by this unaccountable fuccefs, and
by the fupply of arms and provifions which it gave them,
they foon after defeated the King’s troops at Preffen. The
moderation which they had affetted before that unhappy
battle was now laid afide, and obedience was to be given
to whatever proclamations or orders they thought fit to
iflue, under pain of military execution. Among other
defpotic orders, one was, commanding all who had been
volunteers in defence of the town, before a flated time,
to wait on their fecretary of ftate, to fubfcribe a recanta-
tion of whart they had done, and a promife of fubmiflion
to their pretended government, under the pain of being
deemed and treated as rebels. Mr. Maclaurin had been
too active and diftinguifhed a volunteer, to think he
could efcape the fevereft treatment, if he fell into their
hands after negleting to make the fubmiffion required ;
he therefore withdrew piivately into England, before the
lalt day of receiving the fubmiffions ; but, previous to his
efcape, found means to ccnvey a good telefcope into the
caftle, and concerted a method of fupplying the garrifon
with provilions,

As
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As foen as his Grace, Dr. Thomas Herring then Lord
Archbifthop of York, was informed that Mr. Maclaurin
had fled to the n::-rth of England, he invited him in a moft
friendly and pelite manner, to refide with him during his
ftay in that country. Mr. Maclaurin gladly accepted of
the invitation, and foon after exprefles himfelf thus in a
letter to a friend; *¢ Here (fays he) I live as happily as a
¢ man can do, who is ignorant of the ftate of his family,
“¢ who fees the ruin of his country.” His Grace, of
whofe merit and goodnefs, Mr. Maclaurin ever retained
the higheft fentiments, afterwards kept a regular corref=
pondence with him ; and when it was fufpecied that the
rebels might once more take pofleflion of Edinburgh, af-
ter their retreat fiom England, invited his former gueft

again to take refuge with him,

At York he had been obferved to be more meagre than
nrdmaly and with a fickly look ; though not being ap-
prehenfive of any danger at that time, he did not call in
the affiftance of a phyﬁman but having had a fall from
his horfe on his journey fouthward, and, when the rebel
army marched into England, having on his return home
been expoled to moft tempeftuous cold weather, upon his
arrival he complained of being much out of order. In a
little time his difeafe was difcovered to be 2 dropfy of the
belly, to remove which, variety of medicines, prefcribed
by the molt eminent ph}?ﬂcians at Londsn, as well as thole
of Edinburgh, and three tappings, were ufed without
making a cure.

His behaviour, during this tedious and painful diftema
per, was fuch as became a philofopher and a chriftian ;
calm, chearful, and religned ; his fenfes and judgment re-
maining in their full vigour, till within a few hours of his
death. Then, for the firlt time, his amanuen{is to whom
he was diétating the laft chapter of the following work (in
which he proves the wifdom, the power, goodnefs, and
other attributes of the Deity) obferved fome hefitation or
repetition: no pulfe could thEn be felt in any pa.n‘. of his
body, and his hands and feet were alrealy cold. Not-

withftanding this extremely weak condition, he fate in bis
b 2 + chas,
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chair, and fpoke to his friend Dr. Munro with his ufual
ferenity and flrength of reafon, defiring the Doélor to ac-
count for a phznomenon which he then obferved in him-
felf: flathes of fire feeming to dart from his eyes, while in
the mean time his fight was failing, fo that he fcarce could
diftinguith one objeét from another. In a little time after
this converfation, he defired to be laid upon his bed ;
where, on Saturday the 14th of Fane, 1746, aged 48
years and 4 months, he had an eafy paflage from this world
to that {tate of blifs, which he had the moft elevated ideas
of, and which he molt ardently longed to poflefs.

The grief for the lofs of this excellent perfon was as
general as the efteem which he had acquired, with all
ranks of men: but thofe of greateft worth, and who had
moft intimately known him, were the meft deeply af-
feGted. Dr. Monro, in an oration fpoken at the firft
meeting of the univerfity after Mr. Maclaurin’s death
(from which the fubftance of the foregoing account is
taken) gives, particularly, a very moving pifture of the
grief of the late Lord Prefident Forbes, on this occafion.
A likenefs of charafter, and a perfect harmony of fenti-
ments and views, had clofely united them in their lives;
in their deaths, they were alas! too little divided : the pre-
fident likewife, worn out in the fervice of his country,
was foon to be the fubject of a general mourning. 4

In the fame difcourfe the Doétor thews, in a variety of
inftances, that acute parts and extenfive learning were, in
Mr. Maclaurin, but inferior qualities; that he was ftill
more nobly diftinguithed from the bulk of mankind, by
the qualities of the heart; his fincere love to Gop and
Men, his univerfal benevolence and unaffeéted piety ;
together with a warmth and conftancy in his friendfhips,
that was in a manner peculiar to himfelf. He profefles
likewife, that after an intimacy with him for fo many
years, he had but half known his worth ; which then only
difclofed itfelf in its full luftre, when it came to fuffer the
fevere teft of that diftrefsful fituation, in which every man
muft at laft find himfelf ; and which only minds prepared
like his, armed with virtue and ch¥iftian hope, can bear
with dignity, 2 |

' But



of e AUT HOR, XV

But the bounds we are confined to, do not permit us to
follow the profeflor in this delightful track ; nor would the
modefty of Mr. Maclaurin’s furviving friends bear with
our being fo particular. We muft content ourflelves to
confider him in the charalter in which he was univerfally
known ; by giving a fhort account of his works, and of
the tafte and manner in which he cultivated the mathema-
tical fciences; purfuing with fuch indefatigable pains,
{tudies that feem, to many, rather curious tban ufeful.

His firft work, compofed in his early youth, was the
Geometria Organica, in which he treats of the defcription
of curve lines by continued motion. The firft and fim-
pleft of curves is defcribed by the motion of a right line
on a plane, round one of its extremities. Sir Jfaac New-
ton had fhewn, that the Conic Seftions might all be de-
fcribed by afluming two centres or poles in a plane, and
moving round them two given angles, fo as the interfection
of two legs be always found in a ftreight line, given in
pofition in the fame plane ; for thus the interfection of the
other two will trace fome conic feétion. In a fimilar way,
he defcribes fuch lines of the third order, as bhave a double
point, that is to fay, which returning upon themfelves,
pafs twice through the fame point ; but the defcription of
the far greater number of thofe lines, which have no fuch
point, Sir ffaac declares to be a problem of much more
difficulty. This was referved for Mr. Maclaurin ; who
not only happily refolved it, but carried the fame method
of defcription much higher. By affuming more poles, or
by moving the angular points along more lines given in
pofition, or, laftly, by carrying the interfections along
curve lines, inftead of ftreight, he has extended, or given
hints of extending, the method as far as it can go. And
becaufe, by the motion of rulers atually combined, as
the cafe requires, fuch defcriptions may be effected, he
calls them by the general name of Organical. When he
wrote this treatife, the fubjects being new and entertain-
Ing, his invention in its prime, and the ardor of his curio-
fity continually urging him on to farther difcoveries, he
did not take time to finith every demonftration in {o ele-

gant a manner as he might have done. His page, we
b3 muft
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muft own, is incumbered with algebraical calculations,
and thefe have offended the delicate eyes of fome critics ;
but, in anfwer to this, we may fay that what offends
them, may be very acceptable to younger ftudents: nor
indeed fhould we at all have mentioned this blemifh in fo
great a work, if himfelf had not fomewhere hinted at it,
and, in a letter to one'of his friends, exprefled an inten-
tion of refuming, with his firfl leifure, that whole theory,
and adding to it a fupploment ; the greateft part of which
had been printed feveral years ago, but whereof we have
only an abitrat in the Philofophical Tranfactions, N,
439. In the fame volume, he gives a new theory of the
curves which may be derived from any given curve, by
conceiving perpendiculars to its tangents to be drawn con-
tinually through a given point, whofe interfeCtions with
the tangents 'MII form a new curve; from which laft a
third may be formed in the fame manner, and fo on
infinitum. This furnifhes many curious theorems: there
are likewife fome propofitions concerning centripetal forces
and other fubjects, which, with the quntations he ufes,
fhew the great progrefs he had already made in every part
of mathematical learning, and how well acquainted he was
with the writings of the beft authors.

We fhall not here repeat what has been faid concerning
his piece which gained the prize of the Reyal Academy of
Sciences in 1724. In the year 1740, the Academy ad-
judged him a prize which did him ftill more honour, for
accounting for the motion of the Zides, from the theory
of gravity ; a queftion which had been given out the for-
mer year, without receiving any folution. He happened
to have only ten days time to draw up this paper, and
could not find leifure to tranfcribe a fair copy, fo that
the Paris edition of it is incorreCt; but he afterwards
revifed the whole, and inferted it in his Treatife of
Fluxions.

Nor need we mention the occalions on which feveral
PIECES which he fent to the Royal Sur:lety were Wwritten :

the following Lift will fhew their dates, and the fubjects
treated of in them,
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1. Of the conflruttion and meafure of curves, Phil,
Tranf. N®, 356.

2. A new method of deferibing all kinds of curves, N°, 359.

3. A Letter to Martin Folkes, £/7; on fgz:axmm with
impoffible roots, May, 1726. N°. 394.

- AR Continuation of the fame, March 1729.
. 408,

5. Decem. 21/f, 1732. On the defeription of curves ;
with an account of farther improvements, and a paper dated

at Nancy, 27th Nov. 1722. N9 439,

6. An account of the annular eclipfe of the fun, at Edin-
burgh, Feb. 18, 1736-7. N°. 447.

7. An account of the Treatife of Fluxionsy, January 27th,
1742-3. NP9, 467.

8. ————=—— The fame continued, March 1oth, 1742-3.
N€. 469.

9. A rule for finding the meridional parts of a [pheroid
with the fame exallnefs as of a [pbere, Auguft 1741, N©,
461.

10. Of the 5aﬁ: of the cells wherein the bees depofit their
boney, Novem, 3, 1743. N 471.

But the great work, on which he beftowed the moft
labour, and which will for ever do him honour, is his 7rea-

tife of Fluxions,

The occafion of it was related above, namely, the ob-
jeftions of fome ingenious men againft the doélrine of
fluxions, on account of the different modes of explication
which had been ufed by different authors. Nor can it be
denied, that the terms infinite and infinitefimal were be-
come much too familiar to mathematicians, and had been

abufed both in arithmetic and geometry : At one time in-
b 4 troducing,
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trn@cmg and palliating real abfurdities, and, at others,
giving thefe fciences an affected myfterious air which does
not belong to them. To remedy this growing evil, and
for ever take away the handle which it gave to cavilling,
Mr. Maclaurin found it neceflary, in demonftrating the
principles of fluxions, to reject altogether thofe excep-
tionable terms, and to fuppofe ne other than finite deter-
- minable quantities, fuch as Euclid treats of in his geome-
try ; nor to ufe any other form of demonftration than
what the antients had frequently ufed, and which had
been allowed as ftriétly conclufive from the firft rife of
the fcience: by which means, he has fecured this ad-
mirable invention from all future attacks, and at the fame
time done juftice to the accuracy of the great inventor.
The work coft him infinite pains ; but be did not grudge

: he thought that in proportion ¢ as the general me-
P thuds are valuable, it is important that they be efta-
¢ blithed above all exception, and fince they fave us fo
¢ much time and labour, we may allow the more for il-
¢¢ Juftrating the methods themfelves *.”

To his demonftrations of this doftrine he has added
many valuable improvements of it, and has happily ap-
plied it to fo many curious and ufeful enquiries, that his
work may be called a ftorchoufe of mathematical learn-
ing, rather than a treatife on one branch of it. "The par-
ticulars we need not erumerate, elpecially as thf:re is
printed in the Philofophical Tranfaltions, N°. 468, 46q.
a clear and methodical account of them ; to which we
refer the reader,

Throuchout this whole work, though not equally per-
fe&t in all its parts, becaufe of the infinite extent of the
ficld into which he was led, there appears a very mafter-
ly genius, and an uncommon addrefs.

An ordinary artift follows the firft, not generally the
heft, road that prefents itfelf, and arrives perhaps at the
folution of his problem ; but it will fcarcely be either ele-
gant or clear; one may fee there is ftill fomething want-

#* Introd. to Fluxions, at the end, _
ngs
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ing, the refult being little more {cientific than that of 4n
arithmetical operation, where the given numbers and their
relations have all difappeared. This was not the cafe of
Mr. Maclaurin 3 he had a quick comprebeniive view,
taking in at once all the means of inveftigation ; he could
fele& the fitteft for his purpofe, and apply them with ex-
quifite art and method. This is a faculty not to be ac-
quired by exercife. only ; we ought rather to call it a fpe-
cies of that tafte, the gift of nature, which in mathe-
matics, as in other things, diftinguifhes excellence from
mediocrity.

We have in all Mr. Maclaurin’s latter works, efpe-
cially in his treatife of fluxions, numberlefs inftances of
this addrefs: We need only inftance in his reducing fo
many folutions which ufed to be managed by the higher
orders of fluxions to thofe of an inferior order, and many
of the queftions concerning the maxima and minima, even
fome of the moft difficult, to plane geometry.

Thefe are all the writings which our author lived to
publifth ; fince his deceafe two volumes more have ap-
peared, his treatife of Algebra, and this account of Sir
Ifaac Newton’s philofophy.

His Aigebra, tho’ it had not the advantage to be finifhed
by his own hand and publifhed under his eye, is yet al-
lowed to be excellent in its kind ; containing, in no large
volume, a compete elementary treatife of that fcience, as
far as it has hitherto been carried ; all the moft ufeful rules,
which lie fcattered in fo many authors, being clearly laid
down and demonftrated, and in the order which he had
found to be the beft in a long courfe of methodical teach-
ing. He is more fparing, it is true, in the practical appli-
cations than moft other writers, but this was defignedly ;
he was of opinion that many of thofe applications deferve
to be treated of apart; and to have taken too much of
them into his plan, would have been like dishguring the
elements of Euclid, by mixing with them the rules of
practical geometry. T'o this work is fubjoined, as a pro-
per appendix, his Latin tra&t De Lincarum Geometricarum
proprictatibus generalibus, It is carcfully printed from a

many-
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manufcript all written and correfted by the author’s own
‘hand ; and we need only add, that as it was among the laft,
fo it appears to have been, in his own judgment, one of
the beft of his performances.

The account of Sir Ifaac Newtorn’s philofophy lies now
before the reader ; who, by cafting his eye on the table of
esntents, may fee the author’s defign and method ; and in
perufing the work itfelf will not, we hope, find himfelf
difappointed.

+

One queftion however may be put, which it is proper
for us to obviate. Why, in this account, Sir Jfaac New-
tom’s grand difcoveries concerning light and colours, are
but tranfiently and in general touched upon? To this it is
an{wered, that our author’s main defign feems to have
been to explain only thofe parts of Sir Jfaac’s philofophy
that’ have been, and are ftill, controverted. But it is
known that, ever fince the experiments, on which his
doltrine of light and colours is founded, bave been re-
peated with due care, this doctrine has fuffered no con-
teftation : Whereas his fyftem of the world, his account-
ing for the celeftial motions, and the other great appear-
ances of nature, from gravity, is mifunderftood and even
ridiculed to this day: the weak charge of sccult qualities
bhas been frequently repeated ; foreign profeflors ftill amufe
themfelves with imaginary triumphs ; even the polite and
ingenious Cardinal de Polignac is feduced to lend them the
harmony of his numbers.

It was proper therefore that thefe Gentlemen fhould
once more be told (and by Mr. Maclaurin) that their ob-
jeltions are altogether out of feafon ; that the fpedires
they are daily combating are a creation of their own, no
more related to Sir /faac Newton’s dotrines than obferva-
tion and experience are to occult qualities ; that the fol-
lowers of Sir Jfaac Newton will for ever affert their right
to ftop where they find they can get no farther upon fure
gmund and to make ufe of a principle firmly eftablifhed
in experience, adequate to all the purpofes they apply it

to, and in every application uniform and confiftent with
itfelf s
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atfelf *; - although they, perhaps, defpair of tracing the
ulterior caufe of that principle.

But befides that Sir Ifaac Newton's treatife of optics
wanted no defence, it may be faid likewife, that it fcarce
admits of an explication; it is fuch an abfolute mafter-
piece of philofophical writing, that it can as little be
abridged as enlarged ; and we had better take all his expe-
riments, illuftrations and proofs in the words in which he
has delivered them, than riique the injuring them by a dif-
ferent drefs. As for the bints which he could not further
purfue, and which he propofes as queries ; Mr. Maclaurin
had too found a judgment, and had too thoroughly im-
bibed the genius and fpirit of his great Mafter, to run
away with them as materials for rearing doubtful theories :
He leaves them as he found them, till future difcoveries can
give them another name.

Befides his printed and more finithed works, Mr. Mac-
laurin had by him a number of manufcript papers, and
imperfect effays on mathematical and other fubjeéts. Thefe
the increafe of his diftemper did not give him time to put
in order, or to leave particular directions how they were
to be difpofed of : He therefore intrufted them all toge-
ther to the care of three gentlemen, in whofe hands he
knew they would be perfectly fafe : his honoured friend
Martin Folkes, Efq; prefident of the royal fociety; n-
drew Mitchell, Efq; member of parliament for the thire of
Aberdeen, who, he knew, would fpare no pains to do
juftice to the memory of a perfon whom he had fo long,
and fo entirely, loved ; and the reverend Mr. Fobn Hill,
chaplain to his grace the archbifhop of Canterbury, with
‘whom he had for fome years cultivated a moft intimate
friendfhip. In confequence of this truft, thefe Gentlemen
immediately fet about publithing what Mr, Adaclaurin had
defigned and prepared for the prefs; bis algebra, and the
account of Sir [faac Newtor’s philofophy : and becaufe

* Of this we fee a frefh inftance in a fecond admirable difco-
very of Dr. Bradiey’s; of a {mall nutation of the earth’s axis,
from the motion of the nodes of the lunar orbit.

1he1r
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they could not take upon themfelves the immediate care of
thefe editions, they appointed, for that puarpofe, a perfon
whofe regard for the author’s memory was a fure pledge
of his utmoft diligence. They likewife fet on foot and
follicited a fubfcription for the following work ; which the
fituation of Mr. Maclaurin’s family made neceflary. For
not to mention, that the thoughts of a philofopher are
not much turned to the faving of money, nor is his curio-
fity to be gratified but at a confiderable expence, Mr.
Maclaurin’s liberality was greater than his fortune could
well bear : it was not advice and recommendation only
that he furnithed to young men, in whom he could difco-
ver a promifing and virtuous difpofition he often fupplied
them with money till his recommendations could take
place. This however will not, we hope, upon the
whole, be any lofs to his family; as it has been re-
membred, .and rewarded by the generous manner in
which many gentlemen of worth have promoted this {ub-

feription.

If we now look back upon the numerous writings of
our author, and the deep refearches he had been engaged
in, his patience and affiduity will be equally aftonifhing
with his genius, To endeavour to account for it to a
perfon who has not himfelf tafted the pleafures of a con-
templative mind, would be a vain attempt. Whoever
has devoted himfelf to worldly views, or to the mere joys
of fenfe and imagination, muft be a ftranger to the charms
of truth, naked, unportioned, and unadorned; fuch as
Mr. Maclaurin courted her, through his whole life, with
a moft faithful and perfevering paffion. Call his fpecula-
tions but a kind of luxury; it is however a higher and
more refined luxury than other purfuits can furnith: an
exercife, in which the human faculties find themfelves
the moft rationally employed, and the moft fenfibl
firengthened and improved. At the fame time, it bm{
diftinguifhes the limits to which they are confined; in-
fpiring that humility which belongs to man, and makes
a principal part of true wildom, the knowledge of onme’s

F.

How
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How great an example Mr. Maclaurin was of this
virtue, thofe who had the happinefs of his acquamtance
can teftify, and his writings abundantly fhew. The far-
ther he advanced in the knowledge of geometry and of
nature, the greater his averfion grew to perfect fyftems,
hypothefes, and dogmatizing ; without peevifhly defpifing
the attainments we can arrive at, or the ufes to which
they ferve, he faw there lay infinitely more beyond our
reach; and ufed to call our higheft difcoveries but a dawn
of knowledge, fuited to our circumftances and wants in
this life; which, however, we ought thankfully to ac-
quiefce in for the prefent, in hopes that it will be im-
proved in a happier and more perfect ftate.

In weak and unexperienced minds, it is true, the ftudy
of mathematics has often wrought quite different effets :
fometimes an overweening and moft ridiculous felf-
conceit, with a contempt of all other ftudies; at other
times, a rafh confounding of the different kinds of evi-
dence, and the different fubjeéts to which they can be
applied ;5 fometimes, becaufe demonftrative evidence is
the moft perfect, it has been taken for granted there is
none other ; or moral evidence, to bring it to the fame
level, has been difguifed in an awkward and difadvan-
tageous drefs. But to oppofe the fingle example of Mr.
AMaclaurin to {uch pretenders, will be a fufficient cen-
fure of their abfurd condué ; and at the fame time 2 fuf-
ficient anfwer to the unjuft reproaches, which, on occa-
fion of thefe abufes, have been thrown out againft ma-
thematicians.

It was not mental pleafure and improvement only,
that Mr. Maclaurin fought in his favourite ftucies; he
faw their great importance in all the arts of civil life, in
affifting (as my Lord Bacon exprefles it * ) the powers of
many, and extending his dominion in nature. Whofoever is
the leaft acquainted with the hiftory or the prefent ftate
of trade and manufattures, is fully apprized that there

¥ Nowv. Organ. Lib. I,

s
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is nothing great or beautiful, nothing convenient or ex-
-peditious, nothing univerfally beneficial, but wants their
direction : nor are even the hints which accident throws
in our way, to be improved to any tolerable purpofe,
without the help of dritometic and Geometry.

To this view of general utility, Mr. Maclaurin had
accommodated all his {tudies ; and we find in many places
of his works an application, even of the moft abftrufe
theories, to the perfeéting of mechanical arts. He had
refolved, for the fame purpofe, to compofe a courfe of
practical mathematics, and to refcue f{everal ufeful
branches of the fcience, from the bad treatment they
often meet with in lefs {kilful hands. = But all this his
death has deprived us of ; unlefs we would reckon as a
part of his intended work, the tranflation of Dr. David
Gregory’s practical geometry, which he revifed and pub-
lifhed, with additions, in the year 1745.

In his life-time, however, he often had the pleafure to
ferve his friends and country by his fuperior fkill. What-
ever difficulty occurred concerning the conftruétion or
perfeCting of machines, the working of mines, the im-
provement of manufatures, the conveying of water. or
the execution of any other public work, Mr. Maclaurin
was at hand to refolve it. He was likewife employed to .
terminate fome difputes of conflequence, that had arifen
at Glafzow concerning the gauging of veflels; and for
that purpofle, prefented to the commiflioners of excife
two elaborate memorials, containing rules by which the
officers now a&, with their demonftrations.

But what muft have given him a higher fatisfaltion
than any thing elfe of this kind, was the calculations he
made, relative to that wife and humane provifion, which
is now eftablithed by law, for the children and widows
of the Scatch clergy, and of the profeflors in the univer=
fities ; entitling them to certain aunuities and fums, upon
the voluntary annual payment of a certain fum by the
incumbent. In contriving and adjufting the fcheme, Mr.
Maclaurin had beftowed great labour; and the gentle-

men
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men who were appointed to follicite the affair at Zon-
don, own that the authority of his name was of great
ufe to them, for removing any doubts that were moved
concerning the fufficiency of the propofed fund, or the
due proportion of the {ums and annuities.

- To find himfelf thus eminently ufeful, even to late
pofterity, muft have been a delightful enjoyment. But
what {till more endeared his ftudies to him, was the ufe
they are of in demonftrating the Being and Attributes of
the Almighty Creator, and eftablithing the principles of
natural religion on a folid foundation; equally fecure
againft the idle fophiftry of Epicureans, and the dangerous
refinements of modern metaphyficians. He jagreed with the
great Mr, Cotes *, in thinking that the knowledge of nature
will ever be the firmeff bulwark againft Atheifm, and con=-
fequently the furcft foundation of true religion. ‘This
knowledge does more than excite merewendering ; itinfpires
love and adoration of the Creator, our reafonable Service -
for it muft be a fuperficial view of nature, indeed, that
fuggefts no relation, or duty, to Him in whom we live,
move, and have our being. The argument from final
caufes, from the order and defign that evidently fthews it-
felf throughout the univerfe, Mr. Maclaurin held to be
the fhorteft and fimpleft of all others; and confequently
of moft general ufe, and the belt adapted to the human
faculties : whereas metaphyfical deductions are to be ap-
prehended but by the few, and are ever liable to be per-
verted. So that altho’ he could ufe them with as much
fubtlety and force as any man living, he chofe rather, in
his converfation as well as his writings, to bring the dif-
pute to a fhort ifiue in his own way.

He was no lefs ftrenuous in the defence of revealed re-
ligion ; which he would warmly undertake as often as it
was attacked, either occafionally in converfation, or in
thole pernicious books which have brought the name of
Free-thinker into difgrace, and have fo much contributed
to fpoil our tafte as well as our morals : and how firm his

* InPrafat, ad Neat, Principia.
own
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Of the method of proceeding in natural philofoply,
and the various [yflems of philofopbers.

€ H- AP L

A general view of Sir lfaac Newton’s method, and of
bis account of the [iftem of the world,

i O defcribe the phenomena of nature, to ex-
I plain their caufcs, to trace the relations

and dependencies of thofe caufes, and to

enquire into the whole conftitution of the univerfe,
1s the bufinefs of natural philofophy. A ftrong cu-
riofity has prompted men in all times to ftudy na-
ture ; every uleful art has fome connexion with this
fcience 3 and the unexhaufted beauty and variety of
things makes it ever agreeable, new, and furprifing,

~ But natural philofophy is fubfervient to. purpofes
- of a higher kind, and is chiefly to be valued as i¢
- lays a fure foundation for natural religion and moral
- philofophy ; by leading us, in a fatisfattory manner;
to the knowledge of the Author and Governor of
the univerfe. To ftudy nature is to fearch into his
workmanthip : every new difcovery opens to us a
new part of his fcheme. And while we {lill meet, in
our enquiries, with hints of greater things yet undif-
covered, the mind is kept in a pleafing expectation
of making a further progrefs ; acquiring at the fame
time higher conceptions of that great Being, whofe
works are o various and hard to be comprehended.

B: Qur
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Our views of pature, however imperfe, ferve to
reprefent to us, in the moit fenfible manner, that
mighty power which prevails throughour, atting
with a force and efficacy that appears to fuffer no
diminution frem the greateft diftances of fpace or
intervals of time ; and that wifdom which we fce
equally difplayed in the exquifite ftructure and juft
motions of the greateft and fubtileft parts. Thele,
with perfect goodnefs, by which they are evidently
direted, conftitute the fupreme object of the fpecu-
lations of a philofopher; who, while he contemplates
and admires fo excellent a fyftem, cannot but be him-
felf excited and arimated to correfpond with the ge-
neral harmony of nature,

In order to obtain thofe great purpofes, we muft
not proceed haftily in our enquiries, but with the ut-
‘moft caution, Falfe {chemes of natural philofophy
may lead to atheifm, or fuggeft opinions, concern-
ing the Deity and the univerfe, of moft dangerous
confequence to mankind ; and have been frequently
employed to fupport fuch opinions. We have the
more reafon to be on our guard, becaufe philofo-
phers have, on many occafions, tfhown an unac-
countable difpofition to give into extravagant fic-
tions in their accounts of nature, A confiderable
party adopted, of cld, that monftrous fyftem, which,
excluding the influences of a Deity *, attempred to
explain the formation of the univerfe from the acci-
dental play of atoms, and derived the ineffable
beauty of thirgs, even life and thoughe itfelf, from
a lucky hit in the blind uproar- An horror at the
dire cffeéts of fuperftition may have induced them
to have recourfe to a doctrine {o eppolite to com-
mon fenfe and reafon ; but we have not even this

*® Lucret, de rerum natura, lib. I, v. 63, &,
2 excufe
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excufe to offer in defence of fome modern philofo-
phers of great name, who feem to have copied too
much after thofe mafters, in their mechanical accounts
of the produttion of the material {yftem.

While we guard againft atheifm and opinions that
approach towards it, we ought likewife to beware of
Iittening to fuperftition ; which difcourages enquiries
into nature, left, by having our views enlarged, we
fhould efcape from her bonds, and our difcoveries
fhould weaken fome darling tenets.  If thofe tenets
are true, they will rather be confirmed by our en-
quiries ; and if they are falfe, furely 1t is better
they fhould be deteCted. We may purfue truth
fteadily, fecure that it will be always found confiftent
with itfelf, and ftands in no need of the jealoufies
and dark fufpicions of the fuperftitious to fupport it ;
in whofc hands truth itfelf is apt to fuffer, by the
bafe alloy they mix with it, and by the decefted
means which they have too often employed to main-
tain fo incongruous anunion.  The philofophers who
have been: devoted to fo mean views, have never
failed to expofe themfelves to juft ridicule, without
doing fervice to the’caufe which they efpoufed. Cof~
mas Indopleufies * of old, mifled by an injudicious
zeal, compiled a {yftem of nature from fome ex-
preflions in the facred writings ; which, againft the
conftant and univerfal ufe of language, he would
needs underftand in the moft liceral and the very
ftricteft fenfe.

The earth therefore, according to him, was not
globular, but an immenfe plane of a greater length
than breadth, environed by an unpafiable ocean,

* Fubrir. bibliotheca greca, vol. II. p. 6cg, £5'c. where an
account is given from Photius and others of this author, with a
#igare to illuftrate his {yftem.

‘ B3 He
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He placed a huge mountain towards the north,
around which the fun and ftars performed their di-
urnal revolutions 3 and from the conical thape which
he afcribed to it, with the oblique motion of the
fun, he accounted for the inequality of the days and
the varation of the feafons. The vault of heaven
leaned upon the earth extended beyond the ocean,
being likewife fupported by two vaft columns : be-
neath the arch, angels conducted the ftars in their
various motions. Above it were the celeftial waters,
anc above all he placed the fupreme heavens, How-
ever ablurd the conceits of this author, who wrote
in darker times, may appear, we have a more inex-
cufable inftance, in the laft century, of the fame
kind, in what Kircher calls his Ecftatic Voyage to
the Planets ; who, after many great difcoveries had
been made concerning the celeftial bodies, produced
notiung worthy * of {o noble a fubject, or of his own
extenfive learning and invention, having determined
to make a facrifice of both to certain decrees of the
church of Rome: he defcends even {o low as to
adopt the folly or rather impiety, of aftrologers, in
deriving the good or eyil that happens to man from
the propitious or malignant influences of planets.
T'rue religion requires no fuch facrifices ; nor are its
interefts advanced by feigning philofophical fyttems
purpofely to favour it : for when we afterwards find

thefe to be ill-grounded, we may be in danger of
falling into fcepticifm, '

An entire liberty muft' be allowed in our en-
quiries,  that natural philofophy may become fubfer-
vient

¥ In the planet Penus, for example, he finds no other amufe-
ment but to admire the limpid waters and beautiful cryftals he
found there ; and to ask the genie, his companion and guide,
whether baptifm with fuch water would be valid. The reit is
pfa Picge wiih this,
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vient to the moft valuable purpofes, and acquire all
the certainty and perfection of which it is eapable :
but we ought not to abufe this liberty by fuppofing
inftead of emquiring, and by imagining {yltems, in-
ftead of learning from obfervation and experience the
true conftitution of things. Speculative men, by the
force of genius, may invent {yftems that will per-
haps be greatly admired for a time ; thefe, however,
are phantoms which the force of truth will {ooner or
later difpell : and while we are pleafed with the de-
ceit, true philofophy, with all the arts and improve-
ments that depend upon it, fuffers, The real ftate
of things efcapes our obfervation : or, if it prefents
itfelf to us, we are apt either to reject it wholly as
fi¢tion, or, by new efforts of a vain ingenuity,
to interweave it with our own conceits, and labour
to make it tally with our favourite {chemes, Thus,
by blending together parts fo ill fuited, the whole
comes forth an abfurd compofition of truth and

crror.

Of the many difficulties that have ftood in the
way of philofophy, this vanity perhaps has had the
worlt effets. The love of the marvellous, and the
prejudices of fenfe, obftrutted the progrefs of na-
tural knowledge ; but cexperience and reflection foon
“taught men to examine and endeavour to correét
thefe, Tho’ philofophers met with great difcourage-
ments in the dark and fuperftitious ages, learning
flourithed, with liberty, in better times. The dil-
putes amongft the feéts, more fond of viftory than
of truth, produced a talkative fort of philofophy,
and a vain oftentation of learning, that prevailed for
a long time ; but men could not be always diverted
from purfuing after more real knowledge. Thele

have not done near {fo much harm, as that pride and
B 4 _ ambition,
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ambition, which has led philofophers to think it be-
neath them, to offer any thing lefs to the world than
a complete and finifhed {yftem of nature ; and, in
order to obtain this at once, to take the liberty of
inventing certain principles and hypothefes, from
which tht:y pretend to explain all her myiteries.

2. Sir Ifaac Newton faw how extravagant fuch
attempts were, and therefore did not fet out with
any favourite principle or fuppofition, never propof-
ing to himfelf the invention of a fyftem. He faw
that it was necefiary to confult nature herfelf, to at-
tend carefully to her manifeft operations, and to

extort her fecrets from her by well chofen and re-
peated experiments  He would admit no obje&tions
againft plain experience from metaphyfical confidera-
tions, which, he faw, had often mifled philofophers,
and had feldom been of real ufe in their ﬂnqmrlt's
He avoided prefumption, he had the neceffary p
tience as well as g nius; and having kept ﬂteadily-
to the right path, he therefore fucceeded.

Experiments and obfervations, ’tis true, could not
alone have carried him far in tracing the caufes from
their effects, and explaining the effets from their
caufes : a fublime geometry was his guide in this
nice and difficult enqury. This is the inftrument,
by which alone the machinery of a work, made with
fo much art, could be unfolded ; and therefore he
fought to carry it to the greateft hcight. Nor is 1t
eafy to difcern, whether he has thewed greater fkiil,
and been more fuccefsful, in improving and per-
fecting the inftrument, or in applying it to ufe. He
ufed to call his phl]ﬂfophy experimental philofophy,
intimating, by the name, the effential difference
there is berw;xt it and thofe fyftems that are the pro-
duct of genius and invention only. Thefe could not

long
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long fubfift ; but his philofophy, being founded on
experiment and demontftration, ‘cannot fail till reafon
or the nature of things are changed.

In order to proceed with perfect fecurity, and to
put an end for ever to difputes, he propofed that,
in our enquiries into nature, the methods of analyfis
and fyuthefis hould be both employedin a proper or-
der ; that we fhould begin with the phenomena, or
effeéts, and from them inveftigate the powers or
caufes that operate in nature ; that, from particular
caufes, we {hould proceed to the more generai ones,
till the argument end in the moft general : this is
the method of analyfis. Being once poficft of thefe
caufes, we thould then defcend in a contrary order 3
and from them, as eftablithed principles, explain all
the phanomena that are their confequences, and
prove our explications : and this is the [yntbefis. It
is evident that, as in mathematics, fo in natural
philofophy, the inveftigation of difficult things by
the method of amalyfis ought ever to precede the
method of compofition, or the fynthefis, For in any
other way, we can never be fure that we alfume the
principles which really obtain in nature ; and that our
fyftem, after we have compoled it with great labour,
is not mere dream and illufion.

By proceeding according to this method, he de-
monftrated from obfervations, analytically, that gra-
vity 1s a general principle 3 from which he after-
wards explained the {yftem of the world. By analy/is
he difcovered new and wonderful properties of light,
and, from thefe, accounted for many curious phzno-
mena in a fynthetic way. But while he was thus de-
- monftrating a great number of truths, he could not
but meet with hints of many other things, that his
fagacity and diligent obfervation fuggefted to iEm},.l

- whic
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which he was not able to eftablith with equal cer-
tainty : and as thefe were not to be negletted, but
to be feparated with care from the others, he there-
fore collected them together, and propofed them un-
der the modeft title of queries.

By diftinguithing thefe fo carefully from each
other, he has done the greateft fervice to this part
of learning, and has fecured his philofophy againft
any hazard of being dilproved or weakened by fu-
ture difcoveries. He has taken care to give nothing
for demon(tration but what muft ever be found fuch 5
and having feparated from this what he owns is not
fo certain, he has opened matter for the enquiries of
future ages, which may confirm and enlarge his
doétrines, but can never refute them. He knew
where to ftop when experiments were wanting, and
when the fubtilty of nature carried things out of his
reach : nor would he abufe the great authority and
reputation he had acquired, by delivering his opinion
mnctrning thefe, otherwife than as matter of quef-
tion. It was long before he could be prevailed on to
propofe his opinion or conjectures concerning the
caufe of gravity ; and what he has faid of it, and of
the other powers that act on the minute particles of
matter, is delivered with a modefty and diffidence
feldom to be met with amongft philofophers of a lefs
name. Nor do they a&t in a conformity with the
foirit of this philofophy who {peak dogmatically on
thefe fubjects, till a clearer light from new oblerva-
tions and experiments brings them from the clafs of
queries, and places them on the level of demon-

firation.

. Such was the method of our incomparable phi-
lofoy her, whofe caution and modefty will ever do

hlm the greateft honour in the opinion of the un-
prejudiced,
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prejudiced. But this ftrit method of proceeding
was not relithed by thole who had been accuftomed
to treat philofophy in a very different way, and who
faw that, by following it, they muft give up their
favourite fyftems. His obfervations and reafonings
were unexceptionable ; fo, finding nothing to ob-
ject to thefe, they endeavoured to lefien the charaCter
nf his philofophy by general indirect infinuations,
and, fometimes, by unjuft calumnies. They pre-
tended to find a refemblance between his doétrines
and the exploded tenets of the {cholaftic philofophy.
They triumphed mightily in treating gravity as an
occult quality, becaufe he did not pretend to deduce
this principle fully from its caufe. His extending
over all the fyftem a power which is fo well known
to us on the earth, and explamning by it the motions
and influences of the celeftial bodies, in the moft fa-
tisfactory manner ; and his determining the meafures
of the various motions that are confequences of this
power, by fo fkilful an application of geometry to
nature ; all thefe had no merit with fuch philofo-
phers, becaufe he did not afflign the mechanical
caufe of gravity. 1 knaow not that ever it was made
an abjection to thecirculation of the blood that there
1s no fmall difficulty in accounting for it mechani-
cally 5 for they who firft extended gravity to air,
vapour, and to all bodies round the earth, had their
E;aife, though the caufe of gravity was as obfcure as
fore ; or rather appeared more myfterious, after
they had fhewn that there was no body found near
the earth, exempt from gravity, that might be fup-
pofed to be its caufe. Why then were his admirable
dilcoveries, by which this principle was extended
over the univerfe, fo ill relithed by fome philofo-
phers ? The truth is, he had, with great evidence,
overthrown the boafted fchemes by which they pre-
tended to unravel all the myfterics of nature ; au;d
the
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the philofophy he introduced, in place of them,
carrying with it a fincere confeffion of our being far
from a complete and perfect knowledge of it, could
not pleafe thofe who had been accuftomed to imagine
themfelves pollefs’d of the eternal reafons and pri-
mary caufes of all things.

But to all fuch as have juft notions of the great
author of the univerfe, and of his admmnable worlk-
manthip, Sir Ifaac Newton’s caution and modefty
will recommend his philofophy ; and even the
avowed imperfection of fome parts of it will, to
them, rather appear a confequence of its conformity
with nature. To fuch, all complete and finifhed
fyftems muft appear very fufpicious : they will not
be furprized that refined fpeculations, or even the
labours of a few ages, are not {ufficient to unfold the
whole conftitution of things, and trace every phzeno-
menon through all the chain of caufes to the firft
caufe. Is the admirable progrefs which has been
made in this arduous purfuit to be defpifed or ne-
glected, becaufe more remains behind undifcovered ?
Surely we ought rather to rejoice that fo much is
opened to us of the confummate art by which all
things were made, and oughrt to be afraid to inter-
mix with it our own extravagant conceits.

The procefies of nature lic fo deep, that, after all
the pains we can take, much, perhaps, will remain
undifcovered beyond the reach of human art or fkill,
But this is no reafon why we fhould give ourfelves
up to the belief of fictions, be they ever fo inge-
nious, inftead of hearkening to the unerring voice
of nature ; for fhe alone can guide us in her own
labyrinths ; and it is a confequence of her real beauty,
that the leaft part of true philofophy is incomparably
more beautiful than the moft complete fyftems which

' have
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have been the product of invention, This is parti-
cularly true of Sir Ifaac Newton's philofophy ; and
we may compare itin this refpect withthofe celebrated
pieces of Apelles, which, thmlgh they never received
his laft hand, were in greater admiration amongi(t
the ancients, than the moft finithed pieces of other
artifts : and we with pofterity may not find caufe to
fay of this philofophy what the ancients faid of thofe
pieces, Ipfim defectum ceffiffe in gloriam artificis,
#ec qui [uccederet opert ad prefcripia lineaimenta inven-
tum juiffe. Phn,

. It was, however, no new thing that this phi-
lalbphy thould mcet with oppofition. All the ufeful
difcoveries that were made in former times, and
particularly n the laft century, bad to {’truggle with
the prejudices of thofe who had accuftomed them-
felves not fo much as to think but in a certain fyfte-
matic way ; who could not be prevailed on to aban-
don their favourite {chemes, while they were able to
imagine the lealt pretext for continuing the difpute :
every art and talent was difplayed to fupport their
falling caufc ; no aid feemed foreign to them that
could in any manner annoy their adverfary ; and
fuch often was their obftinacy, that truth was able
to make btcle progrefs, till they were fucceeded by
younger perfons who had not {o ftrongly imbibed
their prejudices.

Sir Ifaac Newton -had very early experience of this
temp r of philofophers, and appears to have been
dilcouraged by it..  He had a particular averfion to
difputes, and was with difficulty induced to enter into
any controverly. The warm oppofition his admi-
rable difcoveries in optics met-with, in his youth,
“deprived the world of a full account of them for
- many years, till there appeared a greater dilpofition
among
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among sthe learned to receive them ; and induced
him to retain other important inventions by him,
from an apprehenfion of the difputes in which a
publication might involve him. He thus weighed
the reafons of things impartially and coolly, before
a publication of them can be fufpected to have en-
gaged him in their defence. It is well known how
flow he was in publithing : and we cannot but ob-
ferve that the temper and difpofition of mind, as
well as the abilities of this great man, fitted him in
a particular manner for penetrating far into nature
and unfolding her harmony.

Nor did his averfion to difputes proceed from the
love of quict only. Philofophy had been in high
efteem of old, but had loft its antient luitre from the
endlefs idle janglings that had arifen amongft the
feéts 3 and could never recover it while a faculty of
inventing a {yftem readily, and defending it obfti-
nately, were the admired talents of a philofopher.
While one age or fet overturned for the moft part
the laborious productions of another, many of the
wifer fort defpaired of acquiring certainty in natural
knowledge, and chofe rather to content themfelves
with the general view of things, open to all men,
than attach themfelves to fchemes which produced
no real fruit, and really led them farther from the truth.
Our author therefore propofed that all prejudices fhould
be laid afide, and the genuine method of treating
natural philofophy, which we have defcribed from
him, fhould be clofely followed. By his adhering
to it himfelf, we are fecure that truth and nature are
on his fide; and by following the excellent models
which he has given us, we may be able to make
farther advances.

Others have pretended to expliin the whole con-
ftitution of things by what they call clear ideas, and
by
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by mere abftratted fpeculations. They exprefs a
contempt * for that knowledge of caufes which 1s
derived from the contemplation of their effeéts, and
are unwilling to condefcend to any other {cience than

that of effe¢ts from their caufes. 'Therefore they

fet out from the firf# caufe; and from their ideas of
him pretend to unfold the whole chain, and to trace
a complete fcheme of his works. This is the philo-
fophy that ftands in oppofition to our author’s to
this day. It flatters human vanity fo much, and fets
out in {fo pompous a manner, that they who attend
not to the unexhauflible variety of nature, and con-
fider not how unequal the human powers are to fo
arduous an undertaking, are deluded by its promifes.
It may be doubted if fuch a philofophy lies within

~ the reach of any created being ; and it feems to be

very plain that it far furpaffes the reach of men.
But fince many are devoted to this phantom, and
ufe all their art to adorn, and recommend it to
more admirers, it will be neceffary for the fervice of
truth, that, while we proceed, we have in view like-
wife the detection of this impofture,

5. The view of nature which is the immediate
object of fenfe 1s very imperfect, and of a fmalil
extent; but by the affiftance of art, and the help
of our reafon, is enlarged till it lofes itfelf in an in-
finity on either hand. The immenfity of things on

* Perfpicuum eft optimam philofophandi viam nos fequuturos,
b, ex ipfius Dei cognitione, rerum ab eo creatarum explicatio-
nem deducere conemur, ut ita {cientiam perfeétiflimam, qua eft
effeCtuum per caufas, acquiramus. Cartes Princip. part. IL.
§ 22. Afterwards, having occafion to {peak of the phznomena,
he takes care to tell us, that he would not make ufe of them
to prove any thing from them, becaufe he wanted to derive the
knowledge of eﬂ%nﬂ:s from their caufes, and not reciprocally

that of the caufes from their effefts.  Prinmcip. pare IIL
§ 4, &c. '

% the



16 Sir Isaae¢ NiwTon’s "Book I,

the one fide, and their minutenefs on the other,
carry them equally out of our reach, and conceal
from us the far greater and more noble part of phy-
fical operations, As magnitudc of every fort, ab-
firaltly confidered, is capable of being increaled to
mfinity, and is alfo divifible without end; fo we
find that, in nature, the limits of the greateft and
leaft dimenfions of things are actually placed at an
immente diftance from each other. We can perceive
no bounds of thé vaft expanfc in which natural cau-
fes operate, and can fix no border or termination of
* the univerfe; and we are equally at a lofs when
we endeavour to trace things to their elements, and
to difcover the limits whlc:h conclude the fubdivifions
of matter. The objets which we commonly call
great vanith when we contemplate the vaft body of
the earth ; the terraqueous globe itfeif is foon loft
in the folar fyftem: in fome parts it is feen as a
diftant Star. In great part it is unknown, or vifible
only at rare times to vigilant ﬂbﬁ’:rvers aflifted,

perhaps, with an art like to that by which Galileo
was enabled to difcover fo many new parts of the
fyﬁcm. The fun itfelf dwindles into a ftar; Sa-
turn’s vaft orbir, and the orbits of all the comets,,
croud into a point, when viewed from numberlefs
places between the earth and the neareft fix’d ftars,
Other funs kindle ight to illuminate other (yftems
where aur {un’s rays are unperceived 3 but they alfo
are fwallowed up in the vaft expanfe. Even all the
fyftems of the ftars that fparkle in the cleareft fky'
muft poflefs a fmall corner only of that fpace over
which fuch fyftems are difperfed, fince more ftars
are difcovered in one conftellation, by the telefcope,
than the naked eye perceives 1o the whole heavens *,

* In the conftellation of Osism, zooo ftars have been num-
bered by aﬂrmmmt:rs .
Afier
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performed in moments of time; others are finithed
in very long periods : fome are too flow, and others
too {wift, to be perceptible by us, The tracing the
chain of caufts 1s the moft noble purfuit of philofo-
phy 3 but we meet with no caufe but what is, itfelf,
to be confidered as an effect, and are able to number
but few links of the chain, In every kind of mag-
nitude, there 1s a degree or fort to which our fenfe
is proportion’d, the preception and knowledge of
which is of greateft ufe to mankind. The fame 1is
the ground work of philofophy * 3 for tho’ all forts
and degrees are equally the object of philofophical
fpeculation ; yet it is from thofe which are propor-
tioned to fenfe that a philofopher muft fet out in his
enquiries, afcending or defcending afterwards as his
purfuits may require, He does well indeed to take

* If we were to examine more particularly the fituation of
man in nature, we fhould find reaflon to conclude, perhaps, that
it is well adapted to one of his faculties and inclinations, for
extending his knowledge, in fuch a manner as might be con-
filtent with other duties incumbent upon him ; and that they
have not judged rightly who have compared him in this refpeét
(Spinox. Epilt. 15.) with the animalcules in the blood diico-
vered by microfcopes. He muft be allowed te be the frit be-
ing that pertains to this globe, which, for any thing we know,
may be as confiderable (not in magnitude, but in more valuable
refpe:) as any in the folar fyftem, which is itfelf, perhaps, not
inferior to any other fyflem in thefe parts of the vaft expanfe,
By occupying a lower place in nature, man might have more
eafily feen what pafles among(t the minute particles of matter,
but he would have loft more than he could have gained by this
advantage. He would have been in no condition to inftitute
an analyfis of nature, in that cafe. On the other hand, we
doubt not but there are excellent reafons, why he fhould not
have accefs to the diltant parts of the fyflem, and muft be con-
tented at prefent with a very imperfet knowledge of them.
"The duties incumbent upon him, as a member of fociety,
might have fuffered by too great an attention to them, or com-
munication with them. Had he been indulged in a correfpon-
dence with the planets, he next would have defired to pry in-
to the ftate of the fixed flars, and at length to comprehend in-
finite fpace.

B his
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his views from many points of fighty and fupply the
defects of fenfe by a well regulated imagination ;

nor is he to be confined by any limit in fpace or
time: but as his knowledge of nature is founded on
the obfervation of fenfible thmcrs, he muft begin
with thefe, and muft often return to them, to exa-
mine his progrefs by them. Here is his fecure
hold ; and as he {ets out from thence, foif he like-
wife trace not often his fteps backwards with cau-
tion, he will be in hazard of lofing his way in the

labyrmths of nature,

6. From this fhort view of nature, and of the
ficvation of man, confidered as a fpeCtator of its
phanomena and as an enquirer into its conftitution,
we may form fome judgment of the projett of thﬂfe,
who, in compofing their {yftems, begin at the {um-
mit of the fcale, and then, by clear ideas, pretend
to defcend thmugh all its I’teps with grear pomp and
facility, fo as in one view to explain all things.
The procefles in experimental philofophy are carried
on in a different manner : the beginnings are lefs
lofty, but the fcheme improves as we arife from
Partmular obfervations, to more general and more
juft views. It muft be owned, mdeed that philo-
fophy would be perfett, if our view of nature, from
the common objects of fenfe, to the limits of the
univerfe upwards, and to the elements of things
downwards, was complete ; and the powers or cau-
fes that operate in the whole were known. But if
we compare the extent of this fcheme with the
powers of mankind, we fhall be obliged to allow
the neceflity of takmg it in parts, and of proceed-
ing with all the caution and care we are capable
of, in enquiring into each part. When we perceive
fuch wonders, as naturalifts have difcovered, in the

minuteft objets, fhall we pretend to defcribe fo
B s eably
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eafily the produtions of infinite power in fpace,
that is at the fame time infinitely extended and in-
finitely divifible ? Surely we may rather imagine,
that in the whole, there will be matter for the

enquiries and perpetual admiration of much more
perfect beings,

It is not therefore the bufinefs of philofophy, in
our prefent fituation in the univerfe, to attempt to
take in at once, in one view, the whole fcheme of
nature ; but to extend, with great care and circum-
{pettion, our knowledge, by jult fleps, from fen-
{ible things, as far as our oblervations or reafonings
from them will carry us, in our enquiries concerning
either the greater mations and operations of nature,
or her more fubtile and hidden works, In this way
Sir Isaac Newton proceeded. in his difcoveries &
he eftablithed his account of the fyftem of the
world upon the beft aftronomical obfervations, on
the one hand ; and performed, himfelf, on the
other, with the greateft addrefs, the experiments by
which he was enabled to pry into the more fecret
operations of nature, amongft the minute particles
of matter. On either fide he has extended our
views very far, and has left valuable hints and in-
timaticns of what yet lies involved in obfcurity.

For thofe purpofes he has given us two incompa®
rable treatifes, the moft perfect in their kind phile-
fophy has to boaft of ;5 his mathematical Principles
of Natural Philofophy, and his Treatife of Optics.
In the firlt, he defcribes the fyftem of the world,
and demonftrates the powers which govern the ce-
leftial motions, and produce their mutual influences.
Thefe are extended from the center of the fun
the utmoft altitude of the higheft comet, and pro
bably to the fartheft limits of the univerfe, Not

5 3
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are thefe new or abftrufe principles, like to thofe

which never had a being but In the imagination of

philofophers, but the fame which are moft familiar

to mankind, and in common ufe, farther extended
. and more accurately defined. In the fecond, he
treats of light, which, tho’ the moft potent agent
. in nature, that is fenfible to us, aéts only at the leaft
diftances. His admirable difcoveries, on this fub-
je&t, led him to fearch into the motions that are
amongft the minute particles of matter, the moft
abftrufe of all natural phenomena.

.

In the firft, he had the obfervations of aftrono-
mers for many ages to build on, with valuable con-

- fequences that had been derived from them, by the
- laborious calculations of diligent and ingenious men,
The conftancy and regularity of the celeltial motions

- had contributed, with the obfervations of fome thou-
- fands of years, to render aftronomy the moft exat
part of the hiftory of nature ; the doétrine of co-*
mets only excepted. The vaft diffances of the
great bodies which compofe the fyftem, from each

. other, rather favourcd a jult analyfis of the powers
. by which they act on one another; fince by the
- greatnefs of the diftance, thefe muft be reduced to
. afew fimple principles, and be the more eafily dif-
f, covered. In the {econd treatife, he enquires into
- more hidden parts of nature, and had moft of the
¢ phznomena themfelves to trace, as well as their
- caufes,  The fubject is rather more nice and difficult,
- becaufe of the incenceivable minutenefs of the a-
- gents, and. the fubtlty and quicknefs of the motions;
-and the principles combined in preducing the phe-
nomena being more various, itcould not be expected
that they fhould be fo eafily fubjected to an anmalyfis.
" Hence it is that what he has delivered in the firft
(tho’ flill capable of improvement) is more complete
b > C 3 , and
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and finithed in feveral refpetts 3 while his difcoveries
of the fecond fort are more aftonithing,

After having eftablithed the principle of the uni-
verfal Gravitation of Matter in the firft treatife,
when he is not able to demonftrate the caufes of the
phaenomena defcribed in the fecond more evidently,
he endeavours to judge of them, by analogy, from
what he had found in the greater motions of the
fyftem ; a way of reafoning that is agreeable to the
harmony of things, and to the old maxim afcribed
to Hermes *, and approved by the obfervation and
judgment of the beft philofophers, ¢ That what
pafies in the heavens above is fimilar and analogous
to what pafies on earth below,” He had found
that all bodies gravitated towards each other, by a
power that acts on all their particles equally at equal
diftances, and increafes according to a ftated law
when the diftance is diminithed. From a like prin-
ciple, acting at lefs diftances, with greater vigour,
and with more variety, but infenfibly at larger dif-
tances, he fufpected that the more abftrufe phaeno-
mena of nature proceeded. It was a great matter
in philofophy to be fecure of one general principle;
and one was fufficient for carrying on the regular
motions of the heavenly bodies. A greater variety
was neceffary for conducting the different operations
of nature in particular parts ; and thefe being in-
volved in fome obfcurity, till better light fhould
appear, he could find no furer ground on which to
found a judgment of them, than that principle he
had already fhewn to take place in nature, But be-

* A principle not unlike this is afcribed to the Perfian and
Chaldean magi, cvpmaln e Te avw Tois xetw. Plell. Decla-
ratio dogmat. Chaldaic. Tho’ this, as other maxims, was much

abufed in progrefs of time, when philofophers degenerated from
their firft fimplicity.

caufe
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caufc: we often find that phenomena, which, at
firlt fight, appear of a very different fort, flow ne-
verthelefs from the fame caufe, and {everal fuch
caufes are often refolved, on farther enquiry, into
one more general principle ; the whole conflitution
of nature (notwithftanding the variety of appearan-
ces) manifeftly leading to one fupreme caufe; this
great philofopher was hence induced, as well as from
feveral obfervations he had made, to think that all
thefe powers might procced from one general inftru-
ment or agent, as various branches from one great
ftem, whofe cfficacy might be refoived more imme-
diately into the direction or influences of the fove-
reign caufe that rules the univerfe, But he fpeaks of
this in the manner that became a philofopher who
had fo much ftudied nature, and knew how obfcure
thofe arduous parts of her fcheme muft be to wus.

7. As the moft obvious views of the creation fug-
geft to all men the perfuafion of the being and
government of a Deity ; fo every dilcovery in natu-
ral philofophy enforces it: and with this improve-
ment of his difcoveries, this great man concludes
both thofe treatifes. Nor is his philofophy to be
thought of little fervice for this purpofe, tho’ he
has not been able to explain fully the primary caufes
themfelves .

The great myfterious Being, who made and go-
verns the whole fyftem, has fet a part of the chain
of caufes in our view 3 but we find that, as he him-
felf is too high for our comprehenfion, {fo his more
immediate inftruments in the univerfe, are alio in-
volved in an obfcurity that philofophy is not able to
diffipate ; and thus our veneration for the fupreme
author is always increafed, in proportion as we ad-
vance in the knowledge of his works, As we arile

C L in
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in philofophy towards the firlt caufe, we obtain more
extenfive views of the conftitution of things, and
fee his influences more plainly. We perceive that
we are approaching to him, from the fimplicity
and gﬂnerullt}' of the powers or laws we difcover 3
from the difficulty we find to account for them me-
chanically ; from the more and more complete beauty
and contrivance, that appears to us in the fcheme of
his works as we advance 3 and from the hints we
obtain of greater things yet out of our reach: but
ftill we find ourfelves at a diftance from Him, the
great fource of all motinn, power and efficacy 3 who,
after all our enquiries, continues removed from us
and veiledin darknefs. He is not the object of fenfe,
his nature and effence are unfarhomabie . the more

- immediate inftruments of his power and energy are-
but obfcurely known to us ; the leaft part of nature,
when we endeavour to comprehend it, perplexes us;
even place and time, of which our ideas feem to be
fimple and clear, have enough in them to embarafs
thofe who allow nothing to be beyond the reach of
their faculties. Thefe things, however, do not hin-
der but we may learn to form great and juft concep-
tions ‘of him from his fenfible works, where ‘an-art
and fkill 1s exprefled that is obvious to the moft {u-
perficial i"pt:&amr, furprizes the moft experienced en-
quirer, and many times furpaffes the comprehenfion
of the profoundelt philofopher. From what we are
able to underftand of nature, we may entertain the
greater expedtations of what will be difcovered to us,
if ever we fhall be allowed to penetrate to the firft
caufe himfelf, and fee the whole fcheme of his works
as they are really derived from him, when our im-
perfect philofophy fhall be compleated.

S e
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o e e e
Of the [iftems of the ancient philofophers.

I. Hofe who have not imbibed the prejudices
- of philofophers, are eafily convinced that
natural knowledge is to be founded on experiment
and obfervation. But there 1s a philofophy that in-
toxicates the mind, while it pretends to elevate and
fatisfy it, which teaches to defpife the plain and fo-
ber way of truth. And it is no eafy matter to deal
with thofe who have loft themfelves in the dark
fchemes of an inviolable and univerfal neceflity, or
_with thofe who are ever dreaming themfelves pofieft
of the eternal reafons and primary caufes of things.
The leaft thew of an argument in their own vi-
fionary way takes infinitely more with them, than
the cleareft evidence from fa&t or obfervation ; and
fo fond they appear of fuch airy fchemes, that they
would chufe rather to go on difputing for ever, than
condefcend to acquiefce in certainty obtained in a
lower - way,

To an impartial enquirer, Sir [faac Newton’s
method, defcribed in the laft chapter, approves
itlelf ; and fome ingenious men have been
fenfible of the ncceffity of following it, in former
times. But the general prattice of philofo-
phers has been very different ; and fyftems found-
ed on abftracted fpeculations ftill fo much prevail,

- that it will be neceflary for our purpofe to thew, by
a few obfervations on the hiftory of learning, how
vain and fruilefs fuch attempts have always

. Pproved.,

Theories



26 Sir Isaac NewTon’s Book 1.

Theories of this kind have been invented, and
amended again and again, with great labour and
expence of thought ; but flill when they came to
compare them with nature, how wide has been the.
difference ' —bi omnis effufus labor. If we look back
into the ftate of philofophy in the different ages, we
fhall learn from the hiftory of every period, that as
far as philofophers confulted nature, and proceeded
on obfervation, they made fome progrefs in true
knowledge ; but as far as they pretended to carry

on their fchemes without this, they only multiplied
difputes,

The beginnings of learning, as of other things,
are uncertain and obfcured with fables : we collect,
however, from feveral teftimonies, that the oldeft
and moft celebrated philofophers of Phenicia and
Greece made a vacuuwm and atoms, and the gravity of
atoms, the firft principles of their philofophy * 5
whether thefe were fuggefted to them from theu'
carly obfervations of nature, before her plain ap-
pearances were obfcured by the i imaginary fchemes
and the difputes of {peculative men, or were derived
from fome other origin. Afterwards various
fyftems appeared, but fome traces of thofe antient
principles are for a long time to be difcovered
amongft the dottrines of fucceeding philofophers,
tho’ interwnven with their own particular tenets

*® According to Pofidsnins the ftoick, as cited by Strabo and
Sextus Empiricus, the dotrine of Atoms was more ancient than
the times of the Trojan war, having been taught by Ma/chus a
Pheenician, the fame probably meant by Zamblichus, when he
tells us that Pythagoras converfed at Sidon with the prophets,
the fucceflors of Mochus the phyfiol ? In thofe early times
the charatters of lawgiver and philofopher were united, and this
Mochus is fuppoled b}r many to have been the fame with Majes
the legiflator of the e,

and



Chap. 2. PrrrLosopHICAL Di1scovERIEs, 27

and what appears to be moft uniform in the variety
of their opinions feems to be derived from this
fource *, The more ancient atomifts {feem to have
taught that there were living fubftances alfo, which
pre-exifted before the union of the fyftems of thofe
elementary corpufcles, and continued to exift after
their diffolution. They faw the neceflity of admit-
ing aftive as well as paffive principles, life as well
as mechanifm, throughout the world {. But this
entire and genuine philofophy was difmembered af-
terwards, and from an affeCtation of fimplicity, or
for other reafons, one fort of permanent fubftance
was thought fufficient. One party retained the
paflive and fluggifh matter only, and from the for-
tuitous concourfe of its corpufcles pretended to ex-
plain the formation of the univerfe. Others, more
refined, afcribed reality and permanency to attive
incorporeal fubftances chiefly, or only. And fo fimi-
lar were their divifions and difputes to thofe of our
own times, that a third fort feem to have rejected
the reality of both, while they maintained that there
was no {tability of eflence or knowledge any where
to be found ; that all being and knowledge was fan-
taftical and relative only ; that man was the meafure
of truth to himfelf in all things ; and that every opi-
nion or fancy of every one was true . While one
fect thought that nothing was permanent, but that
all things were in a continual flux or motion, and

* They taught that nothing was made out of nothing, that no
fubftance is generated or deftroyed, that colour and tafte are not
in the objeéts, &F'¢, which feem to be the genuine doétrines of
this atomical philofophy amongit the Greeks. See Ariffor. de
anima, Lib. III. Cap. I. who afcribes fuch opinions to molit of the
. phyfiologers before his time.

t See Dr. Cudworth’s intellectual {fyflem of the univerfe.
Book I. Chap. L. '

1 This was the doftrine of Protagoras the Abderite, Plat.
Thatetus, (.

others,
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ing. He therefore took every occafion to expofe it
and had a happy talent in ridiculing the vanity of
the fophifts of thofe times, who pretended to know
all things. The oracle on a certain occalion had
declared him the wifelt of men ; and this preference
he explained, with his ufual modeity, to be owing

to this only, that while others vainly imagined they
' knew what they were indeed ignorant of, he knew
this onc thing more than they, ¢ that he knew
nothing,”

After many other fruitlefs attempts he had made
in his youth * to fee into the caufes of things, hap-
pening to hear that Anaxagoras taught that all things
were governed by a fupreme mind, and being mighti-
ly pleafed with this principle, he had recourfe to his
writings ; full of expectation to fee the whole fcheme
of nature explained from the perfect wifdom of an-
all-governing mind, and to have all his doubts
about the perfection. of the univerfe fatisfied. But
he was much difappointed, when he found that
Anaxagoras made no ufe of this fovereign mind in
his explications of nature, and referred nothing to
the order and perfetion of the univerfe as its
reafon ; but introduced certain aereal, zthereal and
aqueous powers, and fuch incredible principles . for
the caufes of things. Upon the whole, Socrafes
found that this account of nature was no more fa-
tisfactory, than if one who undertook to account for
all the a&ions of Socrates, fhould begin with tell-
ing that Socrates was alted by a principle of thought
and defign 3 and pretending to explain how he came
to be fitting in prifon at that time, when he was
condemned to die by the unjuft and ungrateful
Atbenians, he thould acquaint us that the body of

Sucrates confifted of bones and mulcles, that the
” Effﬂ; T.;F véog :L'J'v,

bones
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bones were folid and had their articulations, while
the mufcles were capable of being contradted and
extended, by which he was enabled to move his
body and put himfelf in a ficting pofture 5 and after
adding an explication of the nature of found, and
of the organs of his voice, he fhould boaft at length
that he had thus accounted for Socrates’s fitting and
converfing with his friends in prifon 3 without taking
notice of the decree of the Atbenians, and that he
himfelf thought it was more juft and becoming to
wait patiently for the execution of their fentence,
than efcape to Megara or Thebes, there to live in
exile, ¢ Tis true, fays he, that without bones and
¢« nerves I thould not be able to perform any ation
« in life, but it would be an unaccountable way of
¢ {peaking to aflign thofe for the reafons of my ac-
¢ tions, while my mind is influenced by the appear-

¢ ance of what is Jef.”’

I have taken notice of this paffage the rather,
becaufe it fhews how eflential the greatelt and beft
philofophers have thought the confideration of final
caufes to be to true philofophy ; without which it
wants the greateft beauty, perfection and ufe. It gave
a particular pleafure to Sir Ifgac Newton to fee that
his philofophy had contributed to promote an atten-
tion to them (as I have heard him obferve) after
Des Cartes and others had endeavoured to banith
them, Itis furprizing that this author fhould repre-
fent it as greater prefumption in us * to aim at the

* Princip. Part I. § 28. Nullas unquam rationes circa res na-
turales a fine, quem Deus aut natura in iis faciendis fibi propo-
fuit, defumemus ; quia non tantum debemus nobis arrogare ut
ejus confiliorum participes nos efle putemus ; fed jpfum ut caufam
efficientem rerum omnium confiderantes, videbimus quidnam,
ex iis ejus attributis quorum nos nonnullam notitiam voluit ha-
bere, circa illos ejus effectus, qui fenfibus noftris apparent,
lumen naturale quod nobis indidit concludendum efle oftendat.

knowledge
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knowledge of final caufes, than to attempt to derive
a complete fyftem of the univerfe from the nature
of the Deity, confidered as the fupreme efficient
caufe, or, after difcarding mental and final caufality,
to refolve all into mechanifm and metaphyfical or
material neceflity. Surely this is the fort of caufes
that is moft clearly placed in our view ; and we can-
not comprehend why it thould be thought arrogant
in us, to attend to the defign and contrivance thatis
fo evidently difplayed in nature, and obvious to all
men; to maintain, for inftance, that the eye was
made for feeing, tho® we may not be able either to
account mechanically for the refraction of light in
the coats of the eye, or to explain how the image is
propagated from the retina to the mind,

Socrates, finding all dark and uncertain in the va-
rious {yftems of his predeceffors, was fatisfied that it
was better to reft contented with the general view of
nature open to all, than adopt any one of them;
and having applied himfelf to promote the practice
as well as the theory of moral philofophy amongit
his fellow citizens, by his example and precepts, he
merited the higheft efteem and admiration of man-
kind *. Plato, however, and his followers, being
{fenfible of the influence which natural knowledge

* See Aul. Gellius, Lib. 6. ch. 10. where an extraordinary
inftance of this is given from Taurzs a Platonic philolopher.
The Atbhenicns, upon fome difference with the inhabitants of
Megara. made it capital for any of them to enter Jthens. Eu-
clid of Megara, after this edict, ufed to difguife himfelf as a
woman, and travel twenty miles in the night to hear Socrates.
Whence Taurus takes occafion to lament how much philefophy
was {unk in efteem in his time. Now, fays he, we fee philofo-
phers run of their own accord to attend at the gates of the young
afid rich, and there fit waiting to noon till their difciples have
flept out their laft night’s debauch. Diogenes Laeriius, however,

fpeaks of a ftranger who came to .4¢bens and found fault with
Socrates in fome things,

mufk
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muft have on the moft important truths, returned to
it. The beauty of the univerfe was the favourite
fubject of the Platonifts ; and they ufed to recom-’
mend the contemplation and imitation of its regular
and conftant motions, by the praltice of vitue, as
- the beft means to recover their antient conformity
with it in a prior flate, and to become worthy of
returning to the fame ftate again. While a fe& of
the Atomifts refolved all things into the motions and
modifications of matter, Plato ftrove to raife the

thoughts of men above the objets of fenfe, and

zealoully maintained the pre-eminence of active, in=

corporeal and intellectual beings.  Thefe, according
to him, are the true fubftances, the other the fha-

dows; which laft only, thofe grofs philofophers

could perceive 5 as he who has his back towards the

light fees it not, or’the bodies placed betwixt him

and it, but the images projected from them only *;

He f{peaks, however, fometimes of the infenfible

particles of bodies, which can only be perceived by

the mind and underftanding, afcribing different fi-

gures to them in the ftyle of the atomical philo-

fophy . If he carried his fondnefs for his ideas too

far, we muft own, at leaft, that he erred on the moft

innocent fide of the queftion, in oppofition to the

dangerous doltrines of Democritus and others. But
however laudable the views of this amiable philofo-

pher may have been, furely the unintelligible my-

ftical do&trines of fome of his followers I cught to

admonifh us to be on our guard againft excefles,

even in a good caufe,

* Plato de republica, Lib. 7. & 10,
+ Plat. Timaus. -
It were unneceflary to cite here inftances of the moft pro-
found myfticifm from Plozinuzs and other platonifts,

3. In
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3. In the mean time the followers of Pythageras
flourithed in zaly, and taught a philofophy that does
not appear to have been fo much the refult of their
own obfervations, as to have been tranfplanted fromi
the ealt by their great mafter ; who Ipent two and
twenty years in thofe parts, and fcrupled not to com-
ply with the cuftoms * mol(t peculiar to the cattern
nations, in order to obtain the freer accefs to their
learned men. And as he was a man of extraordi-
~nary qualities and at the moft pains, fo he feems to
have been the moft fuccefsiul of the ancients in get-
ting acquainted with their philofophy. We find
that his followers taught the true account of the
planetary motions, particularly that the earth moved
daily on its own axis, and revolved annually round
the fun; and gave the fame account of the come.s
which is agreeable to modern difcoveries 7.  They
alfo taught that every ftar was a world 1, and that
each of them had fomething correfponding to our
earth, air, and water, in the vaft expanfe. The
moon particularly, according to them, was inhabited
by larger and more beautitul animals than this globe.
We find fome hints concerning the gravication of
celeftial bodies, in what is rclated of the do&trines of
Thales and his fuccelfors : but Pythagoras feems to
have been betrer acquainted with it, and is fuppofed
to have had a view to it, in what he taught con-
-cerning the harmony of the fpheres §.

* He was circumcifed in Egypt «f er the manner of the pricfls
of that country, and i- faid ro have been the moft graceful perfon
‘of his time, Clem. dlexandr. Strom. Lib I.

+ Ariffor, Meteorol. Lib. I. cap. 6 Plutarch. de placitis
philefoph, Lib, III cap. 2,

1 Ibid. cap. 13, & 0.

§ Plin. Lib. I1. cap z2. Macrob in fomnjum Seip. Lib. 1L
cap. 1. Seeallo Plurar¢h de animal procreatione, ¢ Timao.
v dare Sioddyos, mpsoBvratos Qineoiger Spyaa wegixe Jiar, &C.

to the end,
D ' A
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A mufical chord gives the fame notes as one dou-
ble in length, when the tenfion or force with which
the lateer is ftretched is quadruple : and the gravity
of aplanet is quadruple of the gravity of a planet
at a double diftance. In general, that any mufical
chord may become unifon to a leffer chord of the
fame kind, its tenfion muft be increafed in the fame
proportion as the fquare of its length is greater; and
that the gravity of a planet may become equal to the
gravity of another planct nearer to the fun, 1t muft
be increafed in proportion as the fquare of its dif-
tance from the {un is greater. If cherefore we thould
fuppofe mufical chords extended from the fun to
each plant:t, that all thefe chords might become uni-
fon, it would be requifite to increafe or diminifh
their tenfions in the fame proportions as would be
{ufficient to render the gravitics of the planets equal,
And from the fimilirude of thofe proportions, the
celebrated doctrine of the harmony of the fpheres is
fuppafed to have been derived.

As thefe doftrines of the Pythagoreans, concerns
ing the diurnal and annual motions of the earth, the
revolutions of the comers, the inhabitants of the
moon and ftars, and the harmony of the fpheres,
are very remote from the fuggefiions of fenfe, and

- oppolite to vulgar prejudices 3 fo we cannot but fup-
pofe that they who firflt aifcovered them muft have
made a very confiderable progrefs in aftronomy and
natural philofophy. It is no cafly matter to perfuade
a perfon unacquainted with the true theory of mo-
tion, that the earth, which of all things in nature
appears to be moft fixed and ftable, is carried on in
fuch a manner, and with fo much rapidity, in the
expanfe, To be fatisfied of thefe dottrines, fo as
to reckon the earth amongft the ftars, and confider

the
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the ftars as fo many worlds, one muft have got over
many difficulties from fenfe as well as from the reli-
gious prejudices that prevailed in thofe days When
therefare we find the accounts of them given by the
Greeks to be very imperfect, mixed with errors and
mifreprefentations, it feems reafonable to fuppole
that they had fome hints of them only from fome
more knowing nations who had made greater advans
ces in philofophy ; and that they were able to de-
fcribe them perhaps not much better than we may
imagine an ingenious Indian, after pafling fome years
in Europe, and having had fome accefs to learned
men, would reprefent our {yftemsto his countrymen
after hisreturn.  Hence it was that the Pytbagoreans
do not feem to have been in a condition to defend
their doétrines, tho’ truey and Ariffotle refutes them
with' the appearance of reafon on his fide. What
he fays of their {yftem thews that either it was not
delcribed rightly by them, or that he mifunderftood
them. We are told that they taught that there was
an earth oppofite to our earth, and feveral other
bodies revolving about the fun which were concealed
from us by the earth, and that from this they ex-
plained why there were more eclipfes of the moon
than of the fun*. On this occafion he urges againft
them a complaint, for which philofophers have toe
often given ground, ¢ That inftead of fuiting their
* ¢ philofophy to nature, they had miireprefcnted the
¢ ph®&nomena, that they might appear conformable
¢ to their own fuppofitions,”” But had he been

. * Deccelo, lib. IT. cap. 15. We may be the lefs {urprized

that the Greeks had fo imperfect accounts of the ealtern learning,
if it be true that fome of the moft noted amongf their philoio-
phers, travelled into Egypr from a very differeat view than ac-
quiring their philofophy. Plars’s chief view is (aid to have been
1o feil his oyl

D 2 better
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better acquainted with the pheenomena and this fyf-
tem, he had formed a better judgment of it.

At this time geometry was in high efteem. We
have reafon to think that the fondnefs of the Pytba-
goreans and Platonifts for it fometimes mifled them,
by inducing them to derive the myfteries of nature
from fuch analogies of figures and numbers as - are
not only unintelligible to us, but in fome cafes feem
not capable of any juft explication. The ufe they
made of the five regular folids in philofophy 15 a re-
markable inftance of this, and muft have been a very
important part of their {cheme, if we may depend
upon the antient commentators on Euclid 3 who tell
us that he was a platonic philofopher, and compofed
his excellent elements for the fake of this doctrine,
But as it is a matter of pure fpeculation, we cannot
conceive that there can be any analogy between it
and the conftitution of nature ; and they have not
been fuccefsful who have of late endeavoured to ex-
plain this analogy ; as we fhall have occalion to fhew
afterwards, when we come to give fome account of
Kepler’s dilcoveries. Nor 1s this the only inftance,
where a purfuit of analogies and harmonies has led
us into error, in phllﬁfophy Geomerry can be of
little ufe in it till data are colletted to build on, and
Lord Verulam has juftly obferved, Mathefin pbffaﬁ-
phiam naturalem terminare debere, non generare aut
Procreare,

4. From Ariftotle’s philofophy we may learn, that
the greateft penctration, without. other helps, will
ever be of lefs fervice in enquiries into nature, than
in metaphyfics and dialectics; where the force of |
oenius may indeed atchieve wﬂndt:_rs. Inftead of the
more antient fyftems, he introduced matter, form, )
and privation as the princtples of all things : but it

does)
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does not appear that this doftrine was of great ufe
to him in natural philofophy. He furpafied all the
other philofophers, in ftating the divifions and defi-
nitions relating to his fubjeéts, with peculiar accu-
racy ; yet fome of his doltrines are f{o obfcurely
exprefled, according to the confeflion of his moft
devoted difciples, that tho® they took the utmoft
pains to difcover his meaning (and fome of them,
as 1s reported, 1n a very extraordinary manner) they
were not able to penetrate into it ; and it is difputed
to this day what were his fentiments on fome of the

moft important fubjects.

He was enabled by the liberality of his pupil
Alexander to make valt colleCtions relating to the
hiftory of nature, at an immenfe expence, which
have been often copied by natural hiftorians {ince *,
But in his general and theorertical writings concern-
ing nature, tho’ his reafonings may appear acute and
fubtle, the conclufions are commonly fuch as are
overthrown by later difcoveries. How he defcribed
the Pythagorean doftrine concerning the two-fold
motion of the earth, and endeavoured to refute it
we obferved above : in one of the treatifes that are
afcribed to him +f, the author pretends to demon-
ftrate that the matter of the heavens is ungenerated,
incorruptible, and fubject to no alteration ; and fup-
pofes the ftars to be carried round the carth in {fohd
~orbs. In thefe doltrines he was generally followed,
till Tycho by his obfervations, and Galileo by his
arguments, expofed their fallacy. Some have com-
plained that there is lefs mention of a Deity, in his

* According to Pling, Ariflosle wrote fifty voluines concern-
ing animals, and feveral thoufand perfons in Greece and Afin,
!:l}r Alexander’s orders, affifted him in his enquiries. The expencé
is {uid to have amounted to eighty talents.

1 De calo.
D3 extenfive
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extenfive and various works, than in moft of the
antient philofophers; that IIEPI KOXMOT, ror, as
fome fay it ought to be enticled, IIEPITIANTOZ)
excepted ;3 which for this reafon has been afcribed
to another author, But there are many who judge
this admirable piece to be Ariffotle’s 5 and Gaffendus
is of opinion that he compofed it towards the end
of his life, as the refult of his moft {erious

thoughts *.

It may be obferved in favour of this great philo-
{opher, that perhaps he did nct intend his difcoveries
fhould be well underftood from his public writngs 3
for we are told that when his pupil * complained of his
publithing fome of his treatifes, he infinuated, by
his anfwer, that they would be underftood by philo-
fophers only. Had we a more perfeét account of
his doétrines concerning forms and qualities, poffibly
they might appear in a better light: perhaps he
meant only to affert, in oprofition to that branch of
the atomifts who followed Democritus, that the phee-
nomena of nature could not be accounted for from
miatter and motion only 3 but that the qualities of
bodies arife from hidden powers acting varioufly on
different combinations of the particles of martter,
according to the laws eftablithed. The conduct of
Calliftbenes, whom he recommended to Alexender
to accompany him in his Afiatic conquefts, does
great honour to Ariffotle : A profecution however,
carried on by the Athenian pricfls, obliged him to
abandon their city, to avoid the fate of Secrates.

Ariftotle was for a long time called the prince of
~philofophers ; and pofleffed the moft abfolute autho-
rity in the {chools, not in Eurepe only, but even in

* De phyfiologia Epicuri.
Africa,
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Africa, amongft Mahometans as well as Chriftians,
They had tranflations of his works in Perfiz and ar
Samarcand ; and no philofopher ever acquired fo
univerfal or fo high an efteem. His opinion was al-
Jowed to fiand on a level with reafon itfelf ; nor was
‘there any appeal from it admitted, the partics, in
every difpute, being obliged to thew that their con-
clufions were no lefs conformable to Ariffotle’s doc-
trine than to truth.  This, however, did not put an
end to difputes, but rather ferved to multiply them ;
for neither was it eafier to afcertain his meaning than
to come at the truth, nor was his doétrine confiftent
with itfelf. It is not improper to have this flavith
{ubjection of philofophers in remembrance ; becaufe
an high efteem for great men is apt to make us de-
voted to their opinions even in doubtful matters, and
“fometimes in fuch as are foreign to philofophy.

5. We have already mentioned the Epicurean {y{-
tem, and fhall have occafion frequently to make re-
marks upon it afterwards. Whoever confiders the
extravagant doftrines of this fect, and of the other
Dogmatifts, of whatever denomination, Peripate-
_tics or Stoics, may admire fome of them for their
morality, and more for their eloguence, it having
been their chief bufinefs to difpute for their fchemes
~ and declaim upon them ; but cannot be greatly fur-
prized that, as to what relates to natural knowledge,
fo many joined the fceptics; and either maintained
that it was impoflible to difcover truth, with fome of
them ; or with others, that men were only in purfuit,
not in poflefiion of it. The fect,, and fubdivifions
of fetts, at length became fo numerous, and their
fyftems fo vérious, that almoft every perfon of any
note addicted himfelf in fome degree to philofophy :
for none could be at a lofs to find a {2¢t and doétrine
fuited to his talte and inclination. But it does not
IRy D 4 appear
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appear that this great increafe of philofophers con-
tributed much to the advancement of the {cience, or
did tervice to truth : fuch was therr licentioufnefs,
and fo great the variety of their opinions, that there
has haraly appcared any doétinie, in later times, but
mmay be fupported by the authority of one or other
of them, it has been juitly obferved that we may
Jearn fomething trom the faults and miftakes of
others, in every art; but we do not find that the
errors of one fect in philofophy ferved to put others
on their guard, The great mafters we have men-
tioned had given an unhappy example 3 and their
fucceflors exceeded them in grafring one fiction upon
another, to ferve their purpofes. Thus the Plato-
nifts became unintelhgible myftics, and the Peripa-
tetics unwearied difputants ; while every {ect had its
tale or fcheme, magpnified by the party, but con-
demned by all the reft.

When the antients, however, applied themfelves
to confider the heavens, or to collect the hiftory of
nature, they did not lofe their labour ; their obfer-
vations, fometimes, iuggelted to them imperfet
views of the true caufes which obtain in the uni-
verfe : and we have reafon to admire fome hints of
this kind that appear in feveral paflages of their
writings, and ftem to be anticipations of {ome of the
moft valuable modern difcoveries. But, generally
fpeaking, they indulged themfelves too much in
abftrufe fruitlefs cifquifitions concerning the hidden
effences of things, and fought after a knowled
that was not {uited to the grounds they had to build
on. As to their accounts of the fyftem of the
world, the Pythagorearn doftrines were quite forgot,
and the opinions of Ariftotle and Eudoxus univerfally
prevailed,  In procefs of time great liberties were
taken with pature, folid orbs and epicycles were

mu]tiplisd,
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muldiplied, ro anfwer every appearance, till the uni-
yerfe in their deferiptions loft its native beauty, and
feemed reduced to a chaos again by their unhappy
labours,

It is not worth while, nor of ufe for our purpofe,
to trace the hiftory of learning thro’ its various re-
volutions in the later ages, when philofophy and
philofophers fell into contempt ; when they became
more diftinguithed by their extravagant opinions,
manners and temper *, than by any real Knowledge
and merit. How different they were, {o early as in
the times of the Cefars, from the famous Pysbago-
rean lawgivers, the incomparable Socrates, and others
who acorned the firft ages of philofophy, we may
learn from the picture given of them by Tacizus.
¢« Nero, fays this author, ufed to beitow fome time
¢« after meals in hearing the reafonings of different
¢¢ philofophers, and while each maintained his own
¢ fect, and every one exprefly contradi¢ted another,
¢ they all confpired to expofe their endlefs variance
¢ and broils, as well as to difplay their peculiar
¢ and favourite opinions ; nay, there were fome of
¢ thofe folemn mafters of wildom, highly fond of
¢ being feen with their gloomy afpedt and nigid ac-
“ cent, amidft the royal excefles and recrcations
$¢ of Nero .

* Sapientiam capillis et habitu ja&ant, fays La&antius {peak-
ing of them. See alfo the complaint of Tazrus the philofopher,
cited from Au/ Gellius above in the notes on § 2. of this chap-
ter.

+ Tacit. annal lib 14. We have faid nothing of the Chi-
_ mefe, for tho® no nation has applied to aftronomy for fo long a
time, or with fo much encouragement from the public, they feem
to have made little progrefs, by the accounts we have of them :
this may be afcribed, in part at leaft, to their neglect of geometry
{without which it is impoffible to make great advances in aflro-
ppm;} and their baving no correfpondence with other nations,

But
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But the ftate of learning proved ftill more deplo-
rable in a later period ; that ought to be remem-
bered, becaufe it difcovers to us the moft cruel ene-
‘my to true philofophy. *Twas fometime after the
fall of the Roman empire, when the majefty and
policy of that people had given way to Gozhic bar-
barity, that fuperftition reignea uncontrouled, liberty
of enquiry was profcribed, and a favage zeal fought
to root out the memory of antient learning, by de-
ftroying the records of it, the ineftimable produét of
the labours of paft times. The fatal icheme proved
but too fuccefstul, for foon a thick cloud feems to
have darkened the underftandings of men, and to
have almoft extinguithed their natural faculties ;
in fo much thar a part of the fucceeding times ob-
tained the appellation of the leaden ages, as worfe
than the iron age of the poets. Authority for along
time ufurped the place of reafon, and, under the
abufed pretence of making them more fubmifiive to
heaven, mankind were enflaved and degraded.
Here and there fome appeared worthy of better
times ; but thefe were obliged to conform to the
genius of that barbarous age: if they applied to
true philofophy, it was either in a private and myfte-
tious manner, or their abilities and merit ferved only
to provoke fevere and cruel treatment from their
bigotted cotemporaries. ‘This was the fate of the
famous Roger Bacon, who appears to have made fur-
prizing advances in natural knowledge, for thofe
times, and feems to have been acquainted with fome '
inventions that are moft commonly fuppofed to be
- of a later date,

Learning, negleted and defpifed in Europe, found

a fan&uary amongft the Saracens, to whom we are
indebted for feveral inventions, as well as for the
pre-
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refervation of fome of the works of the antients,
They had fo great a value for thefe, that it was ufual
with them to demand copies of them, by particular
articles, in their treaties with the Greek emperors ;
tho’ they had deftroyed an ineftimable treafure of
this kind, at Alexandria, in their firlt conquefls.
The caliph Almaimon is celebrated for encouraging
aftronomical learnming, ereting a great number of
obfervatories over Mis dominions, and providing
them with inftruments of a prodigious fize. By his
order, a degree of the circle of the earth, was, firft,
meafured with exaltnefs, as far as we know. But,”
at length, their philofophers feem to have devoted
themfelves abfolutely to Ariffotle, in no lefs flavifh a
manner than the Europeans 5 and to a talkative phi-
lofophy that ferved only to produce endlefs difpures,

The cloud was, at length, gradually difpell’d in
Europe : the aftive genius of man could not be en-
flaved for ever. The love of knowledge revived,
the remains of antient learning, that had efca
the wreck of the dark ages, were diligently fought
after; the liberal arts and f{ciences were reftored,
and none of them has gained more by this happy
revolution than natural philofophy.

EEcA T T
Of the modern philofophers before Des Cartes,

A HE revolutions of learning were com-

pared, by Arifiotle, to the rifing and fetting
of the ftars; and P;’my {peaks of four periods of it
that preceded his time, the Egyptian, Afjyrian, Chal-
dean, and Grecian. Learning, afterit was once loft
in thofe countries, has never revived again; and,

of
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of the produce of three of thofe periods, there is
little or nothing left.  The weftern parts of Europe
have been more happy. After a long interval,
learning has returned to them ; and the period which
commenced upon the revolution we have mentioned,
has already continued fome hundred years. It was
uthered in by feveral inventions of the greateft ufe.
If we may judge from thefe, from the valuable dil~
coveries that have been made’in its progrefs, and
from thofe which learned men are ftill in purfuit of]
(which afford matter for their enquiries, and at the
fame time keep up their curiofity and expectation)
we may juftly hope that it will be long ere it comes
to an end : and if it fhould likewife have its termi-
nation, it cannot, hawev&r, but be ever memorable
in the hiftory of learning, in future times ; unlefs a

general oblivion overwhelm all memory and re-

cord.

The invention of convex and concave glaffes was
as old as the thirteenth century, tho’ no one thought
of putting two of them together to make a telefcope,
till three hundred years later. Upon which it has
been juftly obferved, that thofe things which we
handle daily may have valuable properties altogether
unknown to us, which chance, or future tryals, may
difcover. The polarity of the magnetic needle,
which was made ufe of in navigatian early in the
fourteenth century (if not fooner) facilitated the cor-
refpondence between diftinét nations, and conduéted
Cslumbus to the difcovery of the new world. It is
obvious how advantageous to learning the art of
printing has proved, which we owe to the fame cen-
tury. Thefe, with feveral other new and furprizing
inventions, produced a great change in the affairs of

the world ; and a {pirit “of reformation foon fhewed
ifelf,
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itfelf, in every thing that had any connexion with
the arts and f{ciences.

2. Peurbachiys, with his {cholar Regiomontanus
and others, revived aftronomical learning, in the
fourteenth century.  The celebrated Copernicus (who
was born at Thorz in Pruffia in 1473) fucceeded
them, ¢ a man, fays Kepler, * of a vaft genius, and
¢ what is of great moment in thefe matters, of a
¢ free mind.”” ‘When he confidered the form, dif-
pofition and motions of the fyftem, as they were
then reprefented after Pzolemy, he found the whole
void of order, fymmetry and proportion ; like a
piece (as he exprefles himfelf) made up of parts
copied from different originals, which not fitting
each other, fhould rather reprefent a monfter than
a man. He therefore perufed the writings of the
antient philofophers, to fee whether any more ra-
tional account had ever been propofed of the mo-
tions of the heavens. The firft hint he had was
from Cicero, who tells us, in his academical queftions
(book 4.) that Nicetas a Syracufian had taught that
the earth turned round on its axis, which made the
whole heavens to appear to a fpectator on the earth
to turn round it daily. Afterwards, from Plutarch +,
he found that Philolaus the Pythagorean had taught
‘that the earth moved annually round the fun, He
immediately perceived that, by allowing thefe two
motions, all the perplexity, diforder and confufion,
he had complained of in the celeftial motions,
vanifhed, and that, inftead of thefe, a fimple regu-
lar dl!’pnﬁtmn of the orbits, and a harmony of the
motions appeared, worthy of the great author of
the world.

* Prefatio ad Pawulum ITI. pontif. max.
+ De placitis philefophorum, lib. 3. cap. 1

*Twas
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*Twas foon after the year 1500 he began to form
this judgment of che fyftem, in his own thoughts =
but being fenfible how ill it would be received by the
generality of men, and even of the learned of that
time, he could not be induced to publith his account
of the celeftial morions, for more than thirty years.
He had a great inclination, as he tells us, to have
followed the manner of the Pythagoreans, who would
not publith their myfteries to the world, but chofe
rather to deliver them from hand to hanhd to pofte-
rity s not that they envied others the knowledge of
them, but that the beautiful difcoveries of great
men, the fruit of all their labours, might not be-
come the fport of the prefumptuous and ignorant.
It was not without the greateft follicirations, and
much {truggling on his part, that at length he gave
his papers to his friends, with permiffion to publifh
them ; and he lived only to fee a copy of his book
in 1543, a few hours before his death.

In this treatife, he reftores the antient Pytbagorean
fyftem, and deduces the appearances of the celeftial
motions from it. Every age fince has produced new
arguments for it; and, notwithftanding the oppofi-
tion it met with, from the prejudices of fenfe againft
the earth’s motion, the authority of Ariffotle in the
fchools, the threats of ignorant bigots, and the ter-
ror of the inquifition, it has gradually prevailed.
The chief argument that had induced Ariffotle, and
his followers, to confider the earth as the centre of
‘the univerfe, was that all bodies have a tendency
towards the centre of the earth. In anfwer to this,
Copernicus * obferved, that it was reafonable to think

there

* Equidem exiltimo gravitatem non alind effe quam appeten-

tiam quandam naturalem, partibus inditam a divina providentia
opificis
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there was nothing peculiar to the earth in this prin-
ciple of gravity ; that the parts of the fun, moon,
and ftars, tended likewife to each other, and that
their {pherical figure was preferved in their various
motions by this power, Thus every ftep in true
knowledge gives a glimpfe or faint view of what
lies next beyond it, tho’ yet unrevealed, in the fcale
of nature.

3. The reftoration of the Pythagorean fyftem was
a ftep of the urmoft importance in true philofophy,
and paved the way for greater difcoveries ; but the
minds of men were not {ufficiently prepared for it,
at that time. A juft account of the theory of mo-
tion was wanting to make them fenfible of its fim-
plicity and beauty, and to enable them to refolve, in
a fatisfaltory manner, the obvious arguments that
appeared againft it. According to Copernicus, the
earth revolved on its axis, with a rapid motion,
from weft to ealt. It was objected, that fuch a mo-
tion could not but have fenfible effects on many oc-
«calions ; that a ftone, for inftance, drop’d from the
fummit of a tower, ought to ftrike the ground, not
at the foot of the tower, but at a diftance weftward,
according to this doltrine ; the tower being carried,
by the diurnal motion, towards the eaft, while the
ftone was falling, In anfwer to this, the motion of
the earth was compared to the uniform progreflive
motion of a fhip at fea; and it was affirmed, that
a {tone drop’d from the top of the maft would ftrike
the deck at the foot of it, tho’ the fhip was under

opificis univerfornm, ut in unitatem integritatemque fuam fefe
conferant, in formam globi coeuntes. Quam affectionem cre.
dibile eft etiam foli, lunz, cterilq; errantium fulgoribus, inefle,
ut ejus efficacia in ed qua fe reprefentant rotunditate permaneant ;
qu# nihilominus multis modis fuos efficiunt circuitus, MNicol.
Copernici revol. lib, ¥, cap. g.

2 {a1l,
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fail, and advanced at a great rate while the ftooe
was falling. This expf'nment is now beyond al
queftion : Dbut fome, who tried it without due care
and attention, having reported to 7)cho Brabe that
it had not fucceeded *, this, with a miftaken zeal
for the facred writings, and perhaps an ambition of
being the inventor of a new fyftem, induced him to
reject the doétrine of Copernicus, and propofc a mid-
dle fcheme. Tycho was too well acquainted with the
planetary morions to {uppofe their centre any where
elfe than in the fun; but that the carth might be
quieicent, he fuppofed the lun, with all the planets,
to be carried annually around it, while thefe, by their
proper motions, revelved about the fun in their feve-
ral periods, Having rejected the diurnal rotation of
the earth on its axis, he was obliged to retain the
moft thocking part of the Prolemaick {yftem, and to
fuppofe that the who'e univerfe, (o its fartheft vifible
Iimitz, was carried, by the primum mobile, about the
axis of the earth every day. In this, however, he
was abandoned by fome of his followers, who chofe
rather to fave this immenfe labour to all the fpheres,
by afcribing the diurnal motion to the earth, with
Copernicus 5 and therefore were called Sewm:-Tychonics.

Tho’ this noble Dare was not happy in eftablith-
ing a new fyftem, he did great fervice, however, to
aftronomy, by his diligence and exaétnefs in making
oblervations, for a long ferics of years. He difco-
vered the refraCtion of the air, and determined the
places of a great number of the fixed ftars, with an
accuracy unknown to the altronomers of former
times. He demonftrated that the comets were
higher than the moon, from their having a wvery
fmall parallax, againft the opinion which then pre-

* Gaflend. in vita Tychonis. ;
| vailed,
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vailed. He difcovered what is called the variation
in the motion of the moon; and, from his feries of
obfervations on the other planets, the theories of
their motions were afterwards corrected and im-
proved. For thefe fervices he will be always cele~
brated by aftronomers.

4. Towards the latter end of the fixteenth cen-
tury, and about the beginning of the next, Galileo
and Kepler diftinguifhed themfelves in the defence
of the Copernican {yftem, and by many new difco-
veries in the fyftem of the world. The excellent
Galileo was no lefs happy in his philofophical enqui-
ries, than in the celebrated difcoveries which he
made in the heavens, by the telefcope. To the
admirable Kepler we owe the dilcovery of the true
figure of the orbits, and the proportions of the mo-
tions of the folar fyftem : but the philofophical
improvement of thefe phnomena was referved for
Sir Jfaac Newton.

Kepler had a particular paflion for finding ana-
logies and harmonies in nature, after the manner of
the Pythagoreans and Platonifts ; and to this dif-
pofition we owe fuch valuable difcoveries as are more
than {ufficient to excufe his conceits. Three things,
hie tells us, he anxioufly fought to find the reafon
of, from his early youth ; why the planets were fix
tn number, why the dimenfions of their orbits were
fuch as Copernicus had defcribed from obfervations,
and what was the analogy or law of their revolutions.
He fought for the reafons of the firft two of thefe
in the properties of numbers and plane figuresy,
without fuccefs. But at length reflecting that while
the plane regular figures may be infinite in number,
the ordinate and regular folids are five only, as

Ewclid hed long ago demonftrated; he imagined
| . 2% that
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that certain myfteries in nature might correfpond
with this remarkable limitation inherent in the eflen-
ces of things; the rather that he found the Pyzba-
goreans had made great ufe of thofe five regular
folids in their phllnﬁ::»ph He therefore endeavour-
ed to find fome relation between the dimenfions of
thofe folids and the intervals of the planetary {pheres;
and imagining that a cube infcribed in the fphere of
Saturn would touch by its fix planes the {phere of
Fupiter, and that the other four regular folids n
like manner fitted the intervals that are betwixt the
{pheres of the other planets, he became perfuaded
that this was the true reafon why the primary pla-
nets were precifely fix in number, and that the
Author of the world had determined their diftances
from the fun, the center of the fyftem, from a re-
gard to this analogy. Being thus poffefled, as he
thought, of the grand fecret of the Pythagoreans,
‘and being mightily pleafed with his difcovery, he

ubllﬁﬁd it in 1596, under the title of JM}'ﬁE?’IHW
Cnfmﬁgmpbzmm

Kepler fent a copy of this bnnk to Tycho Brake,
who did not approve of thofe abftracted fpecu]atmns
concerning the {yftem of the world, but wrote to
Kepler, firft to lay-a folid foundation in cbfervations,
and then, by afcending from them, to ftrive to
come at the caufes of things, This excellent advice,
to which we owe the more folid difcoveries of Kepler,
deferves to be copied from his own account of it *,
«« Argumentum hterarum Brackei (fays he) hoc
“« erat, uti fufpenfis {peculationibus a priori de-
¢¢ fcendentibus, animum potius ad obfervationes,
¢ quas fimul offercbat, confiderandas adjicerem.
¢« Inque 1s primo gradu facto, poft demum, ad

* Nota: in editionem fecundam Myfterii Cofmographici.
1 ¢ caufas
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<t caufas afcenderem.”” In this judgment the great
men of different times have frequently confpired,
but few have faithfully followed it.

Tycho, however, plealed with his genius, prevailed
with Kepler to relide with him near Prague (where
he paffed the laft years of his life, after having leit
his native country on fome ill ufage) and to affift him
in his aftrenomical labours. Soon after this Tyche
died, but Kepler made many important dilcoveries
from his obfervations : he found that aftronomers
had erred, from the firft rife of the {cience, in afcrib-
ing always circular orbits and uniform motions to
the planets ; that each of them moves in an ellipfis
which has one of its focz in the center of the fun s
that the motion of each is really unequable; and
varies fo, that a ray fuppofed to be always drawn
from the planet to the fun delcribes equal areas in
equal times,

It was fome years later before he difcovered the
analogy there is between the diftances of the feveral
- planets from the fun, and the periods in which they
complete their revolutions.  He eafily faw that the
higher planets not only moved in greater circles, but
allo more flowly than the nearer ones ; {o that, on
a double account, their periodic times were greater 3
Saturn, for example, revolves at a diftance from the
fun nine times and a half greater than the earth’s
diftance from it ; and the circle defcribed by Sazuin
1s in the fame proportion ; and as the earth revolves
in one year, fo, if their velocities were equal, Sa-
urn ought to revolve in nine years and a half;
whereas the periodic time of Safurn is above twenry
nine years, The periodic times of the planets in-
creafe, therefore, in a greater proportion than their
diftances from the fun ; but not in {o grea: a pro-

| E 2 portion
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portion as the fquares of thofe diftances; for if that
was the law of their motions (the fquare of g be-
ing gok) the periodic time of Sazurn ought to be
above go years. A mean proportion betwixt that
of the diftances of the planets, and that of the
{fquares of thofe diftances, is the true proportion of
the periodic times ;3 as the mean betwixt g+ and its
fquare goy gives the periodic time of Sa/urn in years.
Kepler, after having committed feveral miftakes in
determining this analogy, hit upon it at laft in
1618, May 15th, for he ic fo exat as to mention
the precife day when he found, that ¢ The {quares
¢ of the periodic times were always in the [ame
¢¢ proportion as the cubes of their mean diftances
¢ from the fun.” This is only a very brief and
fummary accourit of the fruits of his great labours
for many years on the obfervations made by Zycho ¥,

‘When Kepler faw that his difpofition of the five
regular {olids amongft the planetary fpheres was not
agreeable to the intervals between their orbits, ac-
cording to better obfervations, he endeavoured to
difcover other {chemes of harmony. For this pur-
pofe, he compared the motions of the fame planet
at its greateft and leaft diftances, and of the diffe-
rent planets in their feveral orbits, as they would
appear viewed from the fun; and here he fancied
that he found a fimilitude to the divifions of the
oftave in mufic. Thele were the dreams of this
ingenious man, of which he was fo fond, that,
hearing of the difcovery of four new planets (the
{atellites of Fupiter) by Galileo, he owns that his
firft reflexions were from a concern how he could
fave his favourite {cheme, which was threatned

'* See his Tabulz Rudolphine, and Comment. de flelld
Martis.

by
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by this addition to the number of the pla-
nets *. The fame attachment led him into a wrong
judgment of the fphere of the fixed ftars }: for
being obliged, by his dottrine, to allow a vaft fupe-
riority to the fun in the univerfe, he reftrains the fixed
ftars within very narrow limits. Nor did he con-
fider them as funs, placed in the centers of their
feveral fyltems, having planets revolving round
them ; as the other followers of Copermicus, from
their having light in themfelves, their immenfe dif=
tances, and from the analogy of nature, have con-
cluded them to be. Not contented with thefe

- harmonies, which he had learned from the obferva-
tions of Tyche, he gave himfelf the liberty to ima-
gine [everal other analogies, that have no foundation
in nature, and are overthrown by the beft obferva-
tions. Thus from the opinions of Kepler, tho’ moft

¢ juftly admired, we are taught the danger of efpouf-
ing principles, or hypothefes, borrowed from ab-
ftratted {ciences, and of applying them, with fuch
liberty, to natural enquiries,

A more recent inftance of this fondnefs, for dif-
covering analogies between matters of abftracted
fpeculation and the conflitution of nature, we find
in Huygens, one of the greateft gecmetricians and
aftronomers any age has produced : when he had
difcovered that fatellite of Saturn, which, from him,
is ftill called the Huygenian fatellite, this, with our
moon, and the four fatellites of Fupiter, completed
the number of fix fecondary planets then difcovered
in the fyftem: and, becaufe the number of the pri-
mary planets is alfo {ix, and this number 15 called
by mathematicians a perfect number, (being equal to

* Differt. cum nuncio fidereo,
4 Epitome Aftronomim, lib. 4. part 1,

E 3 tha
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the fum of its aliquot, parts, 1, 2, and 3, %) Huygens
was hence induced to believe that the number of the
planets was complete, and that it was in vain to look
for any more . 'We do not mention this to leflen
this great man, who never perhaps reafoned in fuch
a manner on any other occafion ; but only to thew,
by another inftance, how ill-grounded reafonings of
this kind have always proved: for, not long after,
the celcbrated Ceffind difcovered four more fatellites
about Saturn ;3 fo that the number of {econdary pla-
nets now known in the fyftem is ten. The fame
Caffini having found that the analogy, difcovered by
Kepler, between the periodic times and the diftan-
ces from the center, takes place in the leffer fyftems
of Fupiter and Saturn, as well as in the great folar
{yftem ; his obfervations overturned that groundlefs
analogy which had been imagined between the num-
ber of the planets, both primary and fecondary,
and the number f{ix ; but eftablifhed, at the fame.
time, that harmony in their motions, which will,
afterwards, appear to flow from one real principle
extended over the univerfe, |

5. But to return to Kepler, his great fagacity,
and continual meditation on the planctary motions,
{uggefted to him fome views of the true principles
from which thefe motions flow. 1In his preface to
the commentaries concerning the planet Mars, he
{peaks of gravity as of a power that was mutual
betwixt bodies, and tells us that the earth and moon
tend towards each other, and would meet in a point
{o many times nearer to the earth than to the moon,
as the earth is greater than the moon, if their mo-
tions did not hinder it. He adds, that the tides

* Elem. Exclid. lib. 7. defin. ult.
4 See the dedication of his Syftema Saturnium,

arife
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arife from the gravity of the waters towards the
moon. But not having juft enough notions of the
laws of motion, he does not feem to have been
able to make the beft ufe of thefe thoughts; nor
does he appear to have adhered to them fteadily,
fince in his epitome of aftronomy, publifhed eleven
years after, he propofes a phyfical account of the
planetary motions, derived from different prin-

ciples.

He fuppofes, in that treatife, that the motion of
the fun on his axis is preferved by fome inherent
vital principle; that a certain virtue, or immaterial
image of the fun, is diffufed with his rays into the
ambient fpaces, and, revolving with the body of
the fun on his axis, takes hold of the planets and
carries them along with it in the fame dire&ion ; as
a load-ftone turned round in the neighbourhood of
a magnetic needle makes it turn round at the fame
time. The planet, according to him, by its inertia
endeavours to continue in its place, and the aétion
of the fun’s image and this énertia are in a perpetual
ftruggle. He adds, that this action of the fun,
like to his light, decreafes as the diftance increafes s
and therefore moves the fame planet with greater
celerity when nearer the fun, than at a greater dif-
tance. To account for the planet’s approaching
towards the fun as it defcends from the apbelium to
the peribelium, and receding from the fun while it
afcends to the aphelium again, he fuppofes that the
fun attrats one part of each planet, and repells the
oppofite part; and that the part which is attracted
1s turned towards the fun in the defcent, and that
the other part is towards the fun in the afcent. By
fuppofitions of this kind, he endeavoured to account
far all the other varieties of the celeftial motions.

E o4 Now
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Now the laws of motion are better known than
in Kepler’s time, it is eafy to thew the fallacy of every
part of this account of the planetary revolutions.
‘The planet does not endeavour to ftop in its place
in confequence of its fuertia, but to perfevere in its
motion 1n a right line. An attrative force makes
it defcend from the apbelium to the peribelium in a
curve concave towards the fun: but the repelling
force, which he fuppoled to begin at the peribélium,
would caufe it to afcend in a figure convex towards
thefun. We fhall have occafion to (hew afterwards,
from Sir Ifaac Newten, how an atrraltion or gravis
tation towards the fun, alone, produces the effelts,
which, according to Kepler, required both an attrac-
tive and repelling force 3 and that the virtue which
he afcribed to the fun’s image, propagated into the
planetary regions, is unnece{ﬁry, as it could be of
no ufe for this effet tho’ it were admitted, For
now his own prophecy, with which he concludes his
book ¥, is werified ; where he tells us that * the
s difcovery of fuch things was referved for the fuc-
<« ceeding age, when the Author of nature would
¢¢ be pleafed to reveal thofe myfteries.’?

6. In the mean time, Gali/co made furprizing
difcoveries in the heavens by the telefcope, an in-
ftrument invented in that time ; and, by applying
geometry to the doétrine of motion, began to efta-
blith patural philofophy on a fure foundation, He
made the evidence of the Copernican fyftem more
{enfible, when he thewed from the phafes of Venns,
Jike to the monthly phafes of the moon, that Zenus
aftually revolves about the fun. He pmved the

* Hac et cetera hujufmodi latent in p'lrld-:&'s ®vi fequentis,
non antea difcenda quam librem hunc Deus arbiter feculorum
rﬁclufen: mortalibus. prr Aftren. :

revolution
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revolution of the fun on his axis, from his fpots 3
and thence the diurnal rotation of the earth became
more credible.  The four fatellices that attend Fupz-
fer in his revolution about the {un, reprefented, in
Fupiter’s leffer {yftem, a jult image of the great
z)lar {yftem ; and rendered it more eafy to conceive
how the moon might attend the ecarth, as a fatellice,
in her annual revolution. By difcovering hills and -
cavities in the moon, and fpots in the fun conftantly
varying, he fhewed that there was not fo great a
difference between the celeftial and fublunary bodies
as the philofophers had vainly imagined *.

He did no lefs fervice by treating, in a clear and
eometrical manner, the dotrine of motion, which
%as been juftly called the key of nature. The ratio-
nal part of mechanics had been fo much neglected,
that there was hardly any improvement made in it,
from the time of the incomparable Archimedes to
that of Galileo ; but this laft named author has given
us fully the theory of equable motions, and of fuch
as are uniformly accelerared or retarded, and of thefe
~ two compounded together. He, firft, demonftrat-
ed, that the fpaces defcribed by heavy bodies from
the beginning of their defcent are as the {quares of
the times, and that a body, projected in any direc-
‘tion that is not perpendicular to the horizon, de-
fcribes a parabola. Thefe were the beginnings of
the doctrine of the motion of heavy bodies, which

® Gualileo oblerved fomething very extraordirary about Sa-
2urm, which he imagined to be two Satellites almolt in contat
with his body ; and Les Cartes fancied thefe two Satellites were
quiefcent in his vortex, becaufe (as he fuppofed) Saturn did
not turn round on his axis ; but Huygens thewed that this ap-
pearance proceeded from a ring that encompaffes his body,
};;ithi?ut touching it, and accompanies him in hisrevolution about
gae tun, ' '

has
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has been fince carried to fo great a height by Sir
Ifaac Newton,

He alfo difcovered the gravity of the air, and
endeavoured to compare it with that of water ;
and opened up feveral other enquiries in natural
philofophy. He was not efteem’d and followed by
philofophers only, but was honoured by perfons of
the greateft diftinCtion of all nations. Des Cartes,
indeed, * after commending him for applying geo-
metry to phyfics, complains that he had not exa-
mined things in order, but had enquired into the
reafons of particular effects only ; adding that, by
his paffing over the primary caufes of nature, he had
built without a foundation. He did not, ’tis true,
take fo high a flight as Des Cartes, or attempt fo
univerfal a fyftem ; but this complaint, I doubt,
muft turn out to Galileo’s praife ; while the cenfure
of Des Caries thews that he had the weaknefs to be

vain of the worft part of his writings.

But all the merit of this excellent philofopher and
elegant writer could not preferve him from perfecu-
tion in his old age, Some pretended philofophers,
who had imprudently objected againft his new difco-
veries in the heavens, when they found themfelves
worfted and expofed to ridicule, turned their hatred
and refentment againft his perfon. He was obliged,
by the rancour of the Jefuits (as ’tis faid 1) and the
~ weaknefs of his protector, to go to Rome, and there

folemnly renounce the doctrine of the motion of che

* Epiftol. part 2. epift. gi.

+ Vir in omni mathematum parte fummus Galilens Galilii,
Jefuitarum in ipfum odio, ac principis Thufei {fub quo vixit fo-
cordi metu, coactus ire Romam, ideo quod terram moviffet, non
vetante veitro Hortenfin, duré habitus, ut majus vitaret malum,
quafi ab ecclefia edoCtus, fua foita refcidit. Hug. Grotius in
epiftola ad Poffium, Lutér. 17. maii, 1035.

' earth,
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earth, which he had argued for with fo much inge-
nuity and evidence *.  After this cruel ufage he was
filent for fome time, but not idle ; for we have va-
luable pieces of his of a later date.

7. Sir Francis Bacon Lord Verulam -, who was
cotemporary with Gea/ileo and Kepler, is juitly held
amongit the reftorers of true learning, but more
s}[&ecially the founder of experimental philofophy.

hen he was but fixteen years old, he began to dif-
like the vulgar phyfics and what was called Ariftotle’s
philofophy. He faw there was a neceflity for a
thorough reformation in the way of treating natural
knowledge, and that all theory was to be laid afide
that was not founded on experiment. He propofed
his plan in his inftauratio magna, with fo much
ftrength of argument, and fo juft a zeal, as renders
that admirable work the delight of all who have a
tafte for folid learning,

He confiders natural philofophy as a vaft pyra-
mid, that ought to have the hiftory of nature for its
bafis ; an account of the powers and principles that
operate in nature, which he calls the phyfical part,
for its fecond ftage ; and the metaphyfical part, that
treats of the formal and final caufes of things, for
its third ftage. But as for the fummit of this pyra-
mid, the {upreme of nature, opus quod operatur Deus
@ principio ufque ad finem, as he exprefles it, he
doubts if men can ever attain to the full knowledge
of it. The philofophers who ftrive to ereét thefe by
the force of abftract fpeculation he compares to the

™ He was befides condemned to a years imprifonment in the
m{g-inﬁtmn, and the penance of repeating daily fome penitential
alms.
+ He was born in 1560, Galileo in 1564, ;
glants
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giants of old, who, according to the poets, endea-
voured to throw mount Offz upon Pelion, and Qlym-
pus upon Offa.

An artift, fays this noble author, would expofe
himfelf to the jufteft ridicule, who, in order to raife
fome vaft obelifk, fhould attempt it by the force of
his arms, inftead of employing the proper machines ;.
or if, after finding himfelf unequal to the tafk, he
thould call for the aid of more workmen in the fame
way. Would he appear lefs ridiculous if he fhould
next fet about chufing his men, and examining them
carefully, that he might employ the vigorous and
robult only ¢ or if, after he found this was to no pur-
pofe, he fhould then apply himfelf to ftudy the
athletic art, and learn to compofe curious ointments
for ftrengthening their limbs, or conful learned phy-
ficians, who, by proper medicaments, f(hould pro-
mote their health and vigour? Nor are they lefs ab-
furd, in our ncble author’s judgment, who labour
to interpret nature by the force and fubtlety of genius
only, tho’ they fhould aflume the aid of the acuteft
men in the fame work, and carry the dialeéticks, or
the art of reafoning, to the greateft height for this
purpofe.

The empirical philofophers, thofe who have no
higher view than to collet the hiftory of nature, he
compares to the ants, who gather the grain and lay
1t up as they find it (unlefs it be true, as is reported
of them, that they firft take care it thould not ger-
minate or become fruitful ;) the Sopkifts to the fpi-
ders, who form their webs from their own bowels, to
catch unwary infects in their aerial flights ; while the
bee that gathers the matter from the flowers of the
field, from which with admirable fkill fhe makes her
honey, is the emblem of the true philofopher ; who

4 ' neither
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neither trufts wholly to his own underftanding, nor
contents himfelf with recording the matter with
which he is furnifhed from natural hiftory or mecha-
| nical experiments ; but, by reafoning {kilfully from
| them, brings forth truth and fcience, the great and
| noble production of the human faculties, From the
| neglect of experiments it arole, that while nature
| was infinite, natural knowledge was at a ftand for
| many ages, and that the various fe&s wandered in
the dark, without kindling any light to guide them,
| or finding any path to conduét them in her mazes.
| But, from a happy conjunction of the experimental
and rational faculties, Lord Verulam conceived the
higheft expectations.  Alexander, he tells us, and
Cefar performed exploits that are truly greater than
thofe reported of king Arthur or Amadis de Gaul ;
| tho’ they acted by natural means, without the aid
of magic or prodigy.

It was with great juftice, and very feafonably, he
reprehended thofe * who, ¢ upon a weak conceit of
¢ {obricty, or ill-applied moderation, thought or
¢ maintained that a man can fearch too far, or be
¢ too well ftudied in the book of God’s word, or in
¢¢ the book of God’s works. But rather, he adds,
¢ let men awake themfelves, and chearfully endea-
 vour and purfue an endlefs progrefs and profi-
.+* ciency in both ; only let them beware left they
¢ apply knowledge to pride, not to charity, to
¢ oftentation, not to ufe.”> He obferves, that 2
fuperficial tafte of philofophy may perchance incline
.the mind to atheifm ; buc a full draught thereof
brings it back again to religion : in the entrance of
philofophy, when the fecond caufes moft obvious to
. ahe fenfes offer themfelves to the mind, we are apt

® Bacon’s Advancement of Learning, lib. 1.
to
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to cleave unto them, and dwell too much upon them,
{o as to forget what is fuperior in nature. But when
we pafs further, and behold the dependency, conti-
nuation and confederacy of caufes, and the works
of providence, then, according to the allegory of
the poets, we eafily believe that the higheft link of
nature’s chain muft needs be tied to the foot of Fu-
piter’s chair 3 or perceive ¢ That philofophy, like
““ Facob’s vifion, difcovers to us a ladder, whofe
¢« top reaches up to the footftool of the throne

“¢ of God.”

The Ariftotelian philofophy appeared unfatisfattory
to Lord Bacon, not from want of efteem for its au-
thor, whom he always ufed to extol ; but becaufe it
{feemed fit for difputes only, and incapable of pro-
ducing real fruit. . 4riftotle, he faid, had fuited his
.phyfics to his logic, inftead of giving fuch a kind of
logic as might be of real ufe in phyfics. To fupply
this defect, he compofed his novum organum 5 where
his chief defign is to thew how to make a good ix-
duélion, as Ariftotle’s was to teach how to make a
good fyllogifin. Had the philofophers, fince Lord
Verulam’s time, adhered more clofely to his plan,
their fuccefs had been greater 3 and Sir Ifaac New-
ton’s philofophy had not found the learned fo full of
prejudices againft it, in favour of fome {yftems late-
ly invented and mightily extolled by f{peculative
men ; that while all admired the fublime geometry
which fhone throughout his work, few for fome
time appeared to be difpofed to hearken to his phi-
lofophy, or in a condition to judge of it im-

partially.

8. However, Lord Bacoi’s exhortations and ex-
ample had a good effect ; and experimental philo-
fophy has been much more cultivated fince his time

than
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than in any preceding period. Geometry and philo-
fophy advanced together at a great pace, and gave
mutual aid to each other, The evidence of geome-
try began to take place in philofophy, while all things
were examined by number, weight, and meafure;
and the principles of the theory of motion, being
now clearly underftood, furnifhed excellent illuftra-
tions of the abftrufe parts of geometry.  Galileo
had fcholars worthy of {o great a mafter, by whom
the gravitation of the atmofphere was eftablifhed
fully, and its varying preflure accurately and conve-
niently meafured, by the column of quick-filver of
equal weight fuftained by it in the barometrical tube.
The elafticity of the air, by which it perpetually en-
deavours to expand itfelf, and, while it admits of
condenfation, refifts in proportion to its denfity, was
a phenomenon of a new kind (the common fluids
having no {uch property) and of the utmoft import-
ance to philofophy. Thefe principles opened up a
vaft field of new and ufeful knowledge, and ex-
plained a great variety of phanomena, which had
been accounted for in an abfurd manner before that
time. It feem’d as if the air, the fluid in which
men lived from the beginning, had been then firft
| difcovered. Philofophers were every where bufy en-
| quiring into its various properties and their effects ;
and valuable difcoveries rewarded their induftry.
| Of the great number who diftinguithed themfelves
| on this occafion, we cannot but mention Torricell
| in Italy, Pafchal in France, Otto Guerick in Germany,
| and Boyle in England.

The views of philofophers began now to be
mightily enlarged, not by their difcoveries concern-
ing the air only, but likewife by their enquiries into
the more potent element fire and its effects, and into
the chymical compofition, refolution, and changﬂi_

0
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of bodies, For about this time chymifts began to
fpeak more intelligibly concerning their art, and to
connett it in fome degree with natural philofophy,
or to confider it, at leaft, as not quite foreign to it.
This we owe in great meafure to the honourable Mr,
Boyle, whole favourite ftudy chymiftry is faid to have
been, and who was happy in an ealy and familiar
manner of defcribing the fubjects which were treated
by him.

It muft be owned that none ever took fo great
pains to promote natural knowledge, in all its
branches, or the beft improvement that can be made
of it, than this excellent perfon, It has been ob-
ferved that he was born the fame year that Lord
Bacon died, as if he had been deftin’d to carry on
his plan. He fpared no labour nor coft in colleéting
the hiftory of nature, and making curious and ufe-
ful experiments of all forts, As Lord Bacen’s plan
comprehended the whole compafs of nature, fo the
variety of enquiries profecuted by Mr. Baoyle, with
great care and attention, is very furprizing, and. per-
haps not to be parallel’d. Hydroftatics, tho’ a moft
ufeful branch of mechanical philofophy, had been
but ill underftood, till he eftablithed its principles,
and illuftrated its paradoxes, by a number of plain
experiments, in a fatisfattory manner. ‘The dottrine
of the air afforded him an ample field ; and, in all
his refearches, he fhewed a genius happily turned
for experimental philofophy, with a perfect candour,
and a regular condefcenfion in examining with pa-
tience, and refuting, without oftentation, the errors
which philofophers had been led into from their pre-
judices, and the many artful fubterfuges by whick
they ftrove to fupport them. The unexceptionable
integrity, extenfive charity, and fingular piety of
this.excellent perfon did great honour to philofophy,

4 and
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and formed an eminent part of his character. The
world he confidered as the temple of God, and
* <« man (to ufe his own words) as born the prieft of
¢ nature, ordained (by being qualified) to celebrate
¢ divine fervice, not only in it but for it.”> Not
fatisfied with having promoted the belief of a Deity
and the evidence of true religion, to the utmoft of his
power, in the great number of volumes compofed
by him, on every occafion during the courfe of a
laborious life, he has taken care, by his will, to per-
petuate a {ucceffion of advocates for it, who fhould
make the fame improvement not of his difcoveries
only, or of thofe of former times, but of what
thould be produced by future ages. In this defign,
worthy of him, the fuccefs ‘has been anfwerable to
his intentions ; and furely fuch a man, we muft al-
low, was not an ornament to his own age and coun-
try only, but a publick benefit to all times and

nations.

We are now arrived at the happy @ra of experi-
mental philofophy ; when men, having got into the
Il right path, profecuted uleful knowledge ; when their

views of nature did honour to them, and the arts
received daily improvements when not private men
only, but {ocieties of men, with united zeal, inge-
nuity and induftry, profecuted their enquiries into
the fecrets of nature, devoted to no feét or fyftem.
But we are obliged to abandon, at prefent, the agree-
able tafk of following them in their difcoveries, in
this flourithing period of fcience, to give account of
a molft illufive fcheme of fpeculative philofophy that
prevailed amongft many at this very time, and, by
mifleading ingenious meny; corrupted their notions
and retarded their progrefs. It feems that, however

\® Boyle's Ulgfulnefs of Natural Philofophy, part 1. effay 1.
{ : F fertile
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fertile this period was in new inventions, nature did
not unveil herfelf readily enough to fatisty the im-
paticnce of fome men, who could not be contented
with thofe views of her which time and induftry
produced to them. Therefore they hearkned again
to the vain promifes of thofe who pretended to uns
ravel all her myfterigs at once, by the force of their
abftrated fpeculations. The Cerigfion {yllem was
the moft extenfive, and (according to many  the
moft exquifite in its contrivance, of any that have
been imagined. The autiior of it was a bold philo-
fopher, and doubtlefs of a fubtle genius, to indulge
which he retired from the world for many years. He
valued himfelf on his clear ideas, and 1s allowed to
have contributed to diffipate the darknefs of that fort
of fcience which prevailed mn the ichools. If we
may believe fome accounts, he rejeted a void from
a complaifance to the tafte which then prevailed,
‘againft his own firft fentiments; and amongft his
familiar friends, ufed to call his fyflem his philofo-
phical romance. It had however great fuccefs ; and
his doétrines ftill prevail fo much, that it is neceffary
for our purpofe to give a fhort account of them.

C-H A E; IV,

Of the philofophical principles of Des Cartes, the
emendations of bis followers, and the prefent contro-
werfies in natural philofophy.

E S Cartes begins his principia by fhewing the
D necefiity of doubting firft of every thing, in
order to our obtaining certain knowledge; and re-
commends to his readers to confider his reafons for
doubting of all things, not once only, but to em-
ploy weeks, or even months, on thele alone, before,

5 he
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- he proceed farther. He firlt eftablithes the certainty

~ of our own exiftence, and that of our ideas of which
; we are intimately confCious to ourfelves; of the
? exiftence of which, however, after all he has faid, it

feems impofiible for us to doubt for a moment,

* From our having the idea of a Being infinitely per-

- fe&t and neceflarily exilting, he concludes that fuch
- a Being atually i1s; upon whofe will he makes the
- certainty of felf-evident propofitions, or axioms ¥,
- as well as of all other neceflary truths, to depend.

~ From the knowledge of the caufe eftablithed in
. this manner, he pretends to deduce a complete
* knowledge of his effeéts, by neceflary fteps. It 1
~ clear, fays he -, that we fhall follow the beft method
in plniﬂﬁ.)ph}r, if, from our knowledge of the Deity
himfelf, we endeavour to deduce an exphication of
all his works ; that {o we may acquire the moft per-
fe& kind of fEiLﬂCu, which is that of effeéts frﬂm
their caufes. As for final caufes he rejected them
fmm philefophy, as we obferved above; and from
thefe paffages, which reprefent the genius ‘of this au-
“thor’s philofophy, and from the manner in which he
fets out, we may already form fome _]udgment how
Mjui his project was.

?__- From the veracity of the Deity, he infers the
‘geality of material objeéts, which are reprefented to
ws as exifting withoutus.  He places the effence of
ﬁiaﬂ.cr in extenflion 3 for this alone remains, he fays,

" . - According to him, the Deity did not will that the three
& es of a trnng!.. fhould be equal to two right ones, becaufe
ew that it could not be otherwife ; but, becaufe he would
- the three angles of a triangle fhould necell arily be equal to
'right ones, therefore this is true and can be no otherwife.
. iﬂe th% paﬂ'ages cited above from his Principia, in the notes (
4. €h. 1.

F 2 . when
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when we reject hardnefs, colour, weight, heat and
cold, and the other qualities which, we know, a
body can be without. Hence he eafily concludes
that there can be no void, or exten{ion without mat-
ter. He adds, however, immediately afterwards,
as properties of matter, that its parts are feparable
and moveable ; tho’ thefe feem to imply more than
mere extenfion,

He defines motion to be the tranflation of a body
from the neighbourhood of other bodies that are n
conta& with it, and are confidered as quiefcent, to
the neighbourhood of other bodies ; and thus makes |
no diftinétion between abfolute or real, and relative
or apparent motions ; both of which equally agree
to this definition.  The reafon he gives why the
fame quantity of motion muft be preferved for ever
in the univerfe, without any augmentation or dimi-
nution in the whole, muft appear concife, and very
extraordinary. It is no other than that God muft
be fuppofed to act in the moft conftant and im-
mutable manner. From the fame property of the
Deity, he infers that a body muft continue in its
ftate as to reft, motion, figure, &c. till fome exter-
nal influence produce a change; which is his firft
law of nature: that the diretion of motion is na-
turally rectilinear, or that a body never changes its |
diretion of itfelf 3 which is his fecond law : and that
a body in motion, when it meets with another
moving with a greater force, is reflefted without
lofing any part of its firft motion ; but when it meets |
with a-body inoving with lefs force, it then carries |
this body along, and lofes as much motion as is
transferred to it; and this is his third law of nature.
He accounts for the hardnefs of bodies from their
parts being quicfcent with refpet to each other; and |
for fluidity, from their being moved perperually in

b
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all diretions, He concludes the fecond part of his
book with telling us, that thefe principles are fuffi-
cient for explaining all the phanomena of nature,
and ‘ that no other ought to be admitted or even
wifhed for,

~ He afterwards proceeds to thew how the univerfe

might have affumed its prefent form, and may be
for ever preferved, by mechanical principles, He
fuppofes the particles of matter to have been angu-
lar, fo as to replenith fpace without leaving any in-
terftices between them ; and to have been in perpe-
tual agitations, by which the angular parts being
broke off, the particles themfelves became round,
and formed what he calls the matter of the fecond
element. The angular parts, being ground into the
moft fubtile particles of all, became the matter of
his firft element, and ferved to fill all the pores of
the other. But there being more of this firft ele-
ment than was neceflary for that purpofe, it became
accumulated in the centers of the wortices, of which
he imagined the univerfe to confift, and formed.there
the bodies of the fun and ftars. The heavens were
filled with the matter of the fecond element, the
medium of light. But the planets and comets con-
fifted of a third element groffer than the other two,
the generation of which he traces at length through
all its fteps. According to him, the martter of the
firft element muft have conftantly flowed out through
the interftices between the fpherical particles of the
fecond element, where the circular motion is great-
eft, and muft have returned continually at the poles
of this motion towards the centre of the vortex ;
where being apt to cohere together, they at length
produced the groffer particles of the third; and
when thefe came to adhere in a confiderable quan-

tity, they gave rife to the fpots on the furfaces of
' g the
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the funs or ftars. Some being crufted over with
{uch fpots became planets or comets; and the force
of their rotation becoming languid, their vortices
were abforbed by fome more potent neighbouring
vortex. In this manner the {olar fyftem was formed,
the wortices of the fecondary planets having been ab-
forbed by the vortex of the primary, and all of them
by that of the fun. He contends that the parts of
“the folar vortex increale in denfity, but decreafe in
celerity, to a certain diftance; beyond which he
fuppofes all the particles to be equal in magnitude,
but to increafe in celerity as they are farther from the
fun, In thole upper regions of the vortex he places
the comets ; in the lower parts heranges the planets ;
fuppofing thofe that are more rare to be nearer the
fun, that they may correfpond to the denfity of the
vortex where they are carried round.

He accounts for the gravity of terreftrial bodies
from the centrifugal force of the =ther revolving
round the earth; which, he imagined, muft impell
bodies downwards that have not fo great a centri-
fugal force, much in the fame manner as a fluid im-
pells a body upwards that is immerged in it, and
has a lefs {pecifical gravity than it. He pretended
to explain the phznomena of the magnet, and to
account for every thing in nature, from the fame
principles,

2. There never was, perhaps, a more extrava-
gant undertaking than fuch an attempt, to deduce,
by neceflary confequences, the whole fabric of na-
ture, and a full explication of her ph&nomena, from
any ideas we are able to form of an infinitely perfet
Being, Was it not for the high reputation of the
author, and of his fyftem, it would be hardly ex-
cufable to make any remarks upon fuch a rhapfody.

Should
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Should we allow the principles he builds on, and his
method, it mult be obvious with how weak an evi-
dence the confequences are connefted with each
other, in this vifionary chain. How juft a method
he has taken to eftablith the exiftence and attributes
of the Deity we fhall not enquire, nor how far his
'making all truth and falthood dependent on the will
of the Deity tends to weaken all fcience and con-
found its principles. While he fuppofes extenfion
to conftitute the complete effence of matter, he ne-
glects folidity, and the 7mertia by which it refifts any
change in its ftate of motion or reft; which diftin-
guifh body from fpace. If extenfion be underftood
to be the effence of matter, it is a trifling propofition
to affirm that all fpace is full of matter, according to
this definition. But flill the queftion will remain,
whether all fpace is full of that {olid, moveable and
refifting {ubflance commonly called 2ody. And as
many parts of fpace appear to make no fenﬁb]e re-
fiftance to motion, while others refift varioufly

proportion to the denfity of the medium dﬁ'ufed
over them, we thence learn there is fpace void of
what is commonly called matter. The comets which
move with equal freedom in all directions with very
rapid motions, and carry along with them tails of a
prodigious fize, confifting of fome highly rarified
matter, fhew that the heavens are not replenithed
with denfe fluids that admit no void, For it is evi-
dent in experimental philofophy that the refiftance
of fluids increafes, ceteris paribus, with their den-
fity ; fo that all motion would foon languith in a
fluid, which, having no pores, muft far furpafs
quick ﬁ!ver, or the heavieft folids, in denﬁty.
~ Nothing is more evident, than that the force requi-
fite to move two equal bodies with a given velocity,
is double that which would produce the fame cele-

rity in either of them. When we compound greater
F 4 bodies
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bodies from leffer, or when we refolve them into
their parts, we find that the refiftance or inertia in-
creafes or decreafes in proportion to the quantity of
matter. Thercfore when the velocity is given, if a
body moving in a denfer fluid difplaces more matter
to make way for itfelf, the refiftance which it meets
with being equal to the motion communicated to the
parts of the fluid, it mult find a reliftance propor-
tionally greater.

It is not only from the free motions of the planets
and comets that we learn the abfurdity of the doc-
trine of an univerfal plenitude. The moft common
and plain ph@nomena of the motion of bodies, at
or near the furface of the earth, are fufficient to
overthrow it; for we find that they meet with no
fenfible refiftance but from the air : whereas fo denfe
a fluid as would replenifh all {pace equally would ne-
ceffarily produce a very great refiftance,

It is objeéted *, that by {fuppofing this denfe fluid
which replenifhes fpace to penetrate the pores of bo-
dies with the utmoft freedom, (as light paffes through
tranfparent bodies, and the magnetic and electric
¢ffluvia through moft kinds of bodies) its refiftance
will then be incomparably lefs than in proportion to
its denfity ; for then the refiltance will not be mea-
fured by the denfity of the fluid, becaufe the much
greater part pafles through the pores of the body in
motion, freely without refiftance. =~ Suppofing this
to be admitted, it is, however, obvious that, even
in this hypothefis, the refiftance of a golden ball in
a plenum would be ftill very great. For this fubtle
fluid, how penetrating foever 1t be, muft refitt the

* In a fmall piece publifhed on this {ubject, a few years ago,
by an ingenious gentleman. :

folid
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folid parts of the ball; which cannot move in the
fluid without difplacing its parts, and lofing as much
motion as muft be communicated to thofe parts ;
and this refiftance depends on the quantity of fohd
parts in the ball : whereas the refiftance which the
fame ball meets with in quick filver {(which we fup-
pole to bave no paffage through the ball) depends on
the quantity of the folid parts in an equal bulk of the
quick filver, which mutt be moved to make way for
the ball. And this being lefs than the quantity of
folid parts in an equal bulk of the golden ball, in
proportion as the fpecific gravity of quick filver is
lefs than that of gold, it follows that the refiftance
of a golden ball, moving in fuch a fubtile pene-
trating plenum, would ftill be greater than its refift-
ance in quick filver. To illuftrate this farther, the
fpecific gravity of gold being to that of quick filver
nearly as 195 to 140, fuppofe a golden ball confift-
ing of 195 folid particles to move in the plenum wich
a given velocity, and to defcribe a very fmall fpace ;
and then fuppofe the fame ball to move in quick
filver with the fame velocity over the fame fpace;
in the former cafe, the folid parts of the ball difplace
a certain quantity of the plenum, {uppofe a quantity
equal to the ball, or 195 parts; in the latter cafe,
they difplace an equal bulk of the quick filver, that
1s, 140 folid particles. But becaufe it may be faid
for thofe who maintain an univerfal plenitude, that
the golden ball meets with a refiftance from the fub-
tile fluid that replenifhes {pace, while it moves in the
quick filver, as well as from the quick filver itfelf ;
let this likewife be allowed, and let us even fuppofe
it to meet with as much refiftance from the plenum,
while it moves in the quick filver, as when it moves
in a {pace free from any grols fluid ; yet it will {ftill
appear that the refiftance of the golden ball in the
. plenum ought to bear at leaft as great a proportion
E to
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to its refiftance in quick filver, as the denfity of gold
is to the fum of the denfities of gold and quick
filver, or as 195 to 335, and confequently ought to
be eight times greater than its refiftance in water.
This 15 the leaft refiftance fuch a ball could meet
with in a plenum, fhould we allow the {uppofitions
that are moft favourable in this do&rine 3 and this
refiftance would foon put an end to the motions of
bodies. But it is evident that we allowed too much
in favour of their doftrine, when we fuppoled the
ball moving 1n the quick filver to meet with a refift-
ance equal to the fum of the refiftances that it would
meet with from the plenum and quick filver feparate-
ly. For, according to this fuppofition, its refiftance
in quick filver would be to its refiftance in water, as
the fum of the denfities of gold and quick filver to
the fum of the denfities of gold and water, that is,
as 335 to 205, or 67 to 41 ; fo that the refiitance
of quick filver would not be double of that of water,
or even couble of that of air; than which nothing
can be more contradiCtory to experiment.

It is of no importance to this argument how rare
gold, quick filver, or the heavieft bodies, be fup-
pofed 3 fince the refiftance of quick filver in fact is
known to be very great, and is not altered by fuch
{fuppofitions : neither is the proportion of the denfity
of gold to that of quick filver (upon which progor-
tion the ‘argument is founded) affefted by them.
For it will always be found that the refiftance of a
golden ball in a plenum (how freely foever it pafs
through the pores of the ball, and how large or
numerous foever thefe pores may be) muft corre-
fpond to the folid matter in the ball; which is
greater than the folid matter in any equal bulk of
any of our fluids; upon which their refiltance de-
pends. The fuppofing the folid matter in the quick

filver
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filver' to occupy only the thoufandth or millionth
part of its bulk, has no other effect but that it fup-
pofes the inertia of a given quantity of folid matcer
to be increafed in the fame proportion with the rarity
of the quick filver, whofe zuertia is in falt afcer-
tained.

The refiftance which arifes from the tenacity or
adhefion of the parts of fluids may be diminithed ;
but {till the refiftance which arifes from the /uersia of
the matter remains : if this could be taken away, as
the matter would have no refiftance, fo it is not cafy
to conceive how it could have any aé’t:v:ty or mecha-
nical force to impell bodies, or to produce any of
the effets which are attrmuted to the fubtile matter
of the Caritefians. For altion and realtion arc al-
~ways equal, and we know of no force in bodies but
what arifes from their refiftance to change their ftate,
or thewr smeriia. Without this there could be o
centrifugal force, the favourite power by which
thole philofophers endeavour to explain the phzno-
mena of nature,

They fuppofe the particles of thofe fubtile fluids
to move conftantly and equally in all direttions ;
and, by the favour of this hypothefis, they imagine
that they may fuppofe them to act but not refift.
But they have neither made this firange fuppofition
probable, nor even credible, nor can they fhew that
it would anfwer their purpofe. A motion of a fluid
favours the motion of a body in it, only as far as it
1s in the fame direétion ; and an inteftine motion of
the parts of the fluid, equal in all dire€tions, can-
not make the refiftance lefs than if there was no mo-
tion of the parts. It is fuppofed by many that the
particles of common fluids, water or air for exam-
ple, are in a conftant inteftine motion ; but this coes

not
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not hinder thofe fluids from refifting in proportion to
their denfity, :

We are told by fome, that it is impofiible to con-
ceive a vacyum. But this furely muft proceed from
their having imbibed Des Cartes’s doftrine, that the
effence of body is conftituted by extenfion ; as it
would be contradictory to fuppofe fpace without ex-
tenfion. To fuppofe that there are fluids penetrating
all bodies and replenifhing {pace, which neither refift
nor a¢t upon bodies, merely in order to avoid the
admitting a vacuum, is feigning two forts of matter,
without any neceflity or foundation; or is tacitly
giving up the queftion. As for Mr. Leibnitz’s ar-
guments againit a vacuum, we defer them ull we
come to confider the emendations that have been

made to this fyftem,

The fame quantity of motion is not always pre-
ferved in the univerfe, as Des Cartes rathly concluded
from the immutability of the Deity. The quantity
of abfolute motion is continually varying; it 1s di-
minithed in the compofition of motion, and, in
many cafes, in the collifions of bodies that have an
imperfect elafticity ; and it is increafed in the refo-
lution of motion, and, in fome cafes, in the colli-
fions of elaftic bodies. It requires an active prin-
ciple to account for the hardnefs of bedies; and the
particles being at reft is not fufficient for this pur-
pofe; for this would not hinder them to be feparated
from each other by the leaft force. There is hardly
one article in this {cheme but what is, in like man-
ner, liable to infuperable difficulties,

After all, DesCartes faw the neceffity of having
recourfe to obfervation, tho’ unwillingly ; and he

appears to be at a lofs how to acknowledge it, after
having
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having boafted fo much of his principles. He tells
us that he found thefe fo extenfive and fertile *, that
many more things followed from them than we find
in the vifible world.  Other philofophers have com-
plained that they were able to account for too little
of nature: Des Cartes finds that his principles were
more than fufficient to account for all her phano-
mena, and feems only to fear left he thould account
for too much. Therefore he has recourfe to the
phznomena, not becaufe he would prove any thing
from them ; for he takes care that we fhould not
have fo mean an opinion of his philofophy, as to
imagine he would ettablith it on facts ; but that he
might be able to determine hig mind to confider
fome of thofe innumerable effects, which he judged
might proceed from the fame caufes, rather than
others. He hkewife acknowledges 1, that the fame
effe¢t might be deduced, from his principles, many
different ways; and that nothing perplexed him
more than to know which of them obtained in na-
ture. In thofe paffages he magnifies his principles,
in order to conceal the weaknefs of his fyftem, with
an affeétation that only ferves to make it more evi-
dent, and appear unwoerthy of {o great a man.

3. Des Cartes, by placing the effence of matter in
extenfion alone, gave occafion to others to draw

* He cites the effe@s, as he tells us, Non quidem ut ipfis
tanquam rationibus utamur ad aliquod probandum ; cupimus
‘enim rationes effeftuum a caufis, non antem e contrario caufa-
rum ab effetibus deducere; fed tantum uf ex innumeris effecti-
bus, quos ab iifdem caufis produci poffe judicamus, ad unos po-
tius quam alios confiderandos mentem noftram determinemus,

+ Sed confiteri me etiam oportet potentiam naturz effe adeo
amplam, ut nullom fere amplivs particularem effeCtum obfervem,
quem ftatim wariis medis ex iis principiis deduci pofle non agnof-
cam: nihilque ordinario mihi difficilius videri, quam invenire
quo ex his modis inde dependet. De Methods, § 6.

con-
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confequences, from this doclrine, of a dangerous na-
ture ;> which undoubtedly he would have difowned,
tho’ ’us not ealy to {fee how he could have got rid of
them. Aswe are not able to conceive that fpace
can be annihilated, or that there ever was a time
when {pace or expanfion was not; fo if we allow
that extenfion alone conflitutes the effence of matter,
we cannot but afcribe infinity, eternity, and neceflary
exiftence to it,  In this manner Spinoza reafons from
the Cariefian principles, affirming that matter is not
only infinite and neceffary, but allo that it is one
and indivifible ¥, *¢¢ This, fays he, cannot be de-
¢ nied by thofe who reject the poffibility of a vacuum ;
¢« for if matter could be {o divided thatits parts
“¢ fhould be really diftin¢t, why might not one part
“ beannihilated, the reft remaining conneéted with
¢¢ each other as before? fince of things which are
s¢ really diftin&t from each other, the one can exift
¢ and remain in its ftate without the other.” In
another place, he tells us, that if any one part of
matter was annihilated, all extenfion would vanith

with it . 'This author appears to have been very
con-

o

* Nam fi fubflantia corporea ita poflet dividi ut ejus partes
realiter diftinétee effent, cur ergo una pars non poflet annihilari
manentibus reliquis, ut ante, inter fe connexis? Et cur omnes
ita aptari debent ne detur vacuum ? Sane, rerum quz realiter ab
invicem diltin&z funt, una fine alia effe & in {uo ftatu manere
poteft. Cum igitur vacuum in naturd non detur, fed omnes

artes ita concurrere debent ut detur vacuum, fequitur hinc
etiam eafdem non pofle realiter diltingui; hoc eft, fubftantiam
corpoream, quatenus fubflantia eft, non pofle dividi, Spimsz.,

Ethic. part 1. prop. 15. {chol.
Si una pars materiee annihilaretur, fimul etiam tota exten-

fio evanefceret. Epiff. 4. ad Henr. Oldend.

From thefe and other paflages it appears, that this authar
was unhappily mifled by the doftrine of Des Cartes, that the
effence of matter is conflituted by extenfion. It muft be owned,
however, that many of the Carsefians endeavoured to wrangle

away the dreadful conclufion: but they had fhortned their work,
and
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converfant in the writings of Des Cartes 1, the two
firft parts of whofe principia he reduced into the geo-
metrical form. Mr. Leibnitz himfelf calls {pinozifim
un Cartefianifme outré; and it is apparent that his
method, and many of his dottrines, were derived
from this fource,

As Des Cartes had concluded, from the idea of
an infinitely perfect neceflarily-exifting Being, that
fuch a Being muft exift ; fo Spinoza, from our having
a true idea (that is a clear and diftin¢t idea, as he
himfelf explains it) of a fubftance, infers that it muft
neceflarily exift * ;5 ory, to ufe his own words, that its
exiftence as well as its effence muft be an eternal
truth, As Des Cartes pretended to deduce all the
phznomena of nature from the nature and proper-
ties of the firft caufe; fo Spinoza pretends, that all
our knowledge 1s to be derived from true ideas (as
he always calls them) and that thofe true ideas ought

and had proceeded on better grounds, if they had rejected the
principle. Yet Spimoza, in his feventy-third letter, pretends to
find faolt with Des Cartes for defining matter by extenfion,
which, according to him, ought to have been explained by an
attribute that fhould exprels an efential and infinite effence.

1 Quum ille fummo fciendi amore arderet, quid in his ingenii
vires valerent experiri decrevit. Ad hoc propofitum urgendum
fcripta philofophica nobilifimi & {ummi philofophi Remati Des
Cartes magno ei fuerunt adjumento.  Spimoz. oper. poith,

refat.

5 * 8i quis dicerit {e claram & diftinctam, hoc eft veram, ideam
fubftantiz= habere, & nihilominus dubitare num talis fubftantia
exiftat, idem hercle eflet ac fi diceret fe veram habere ideam,
& nihilominus dubitare num falfa fit (ut fatis attendenti fit mani-
feftum :) vel fi quis ftatuat fubftantiam creari, fimul ftatuit ideam
falfam factam eile veram ; quo fane nihil abfurdius concipi po-
tet : adeoqne fatendum neceffario eft, fubftantiz exiftentiam
ficut ejus effentiam mternam effe veritatem.  Erbic, part 1.
prop. 8. fchol, z.

o
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to be produced by the mind 1, from that idea which
reprefents the moft perfect Being, the origin and
fountain of nature. Des Cartes rejected the con-
fideration of final caufes from philofophy 3 and Sp;-
noza tells us they are nothing but human fiction f,
and laughs at thofe who imagine that the eyes were
defigned for feeing, or the {un for giving light. He
derives our notions of good and evil, order and con-
fufion, beauty and deformity, from the fame fource.
As Des Cartes reprefented the univerfe as a machine
that might have been produced at firlt, and may
continue to exift for ever, by mechanical laws only,
the fame quantity of motion remaining always in it
unalterable ; o Spinoza reprefented it as infinite and
neceflary, endowed always with the fame quantity
of motion, or (to ufe his inaccurate expreffion *)
having always the fame proportion of motion to reft
in it, and proceeding by an abfolute natural necef-
fity 3 without any felf-mover or principle of liberty. -

In all thefe, Spinoza has added largely, from his
own imagination, to what he had learned from

+ Ut mens nofira omuino referat naturz exemplar, debet
omnes {uas ideas producere ab ed qua refert originem & fontem
totius naturz, ut ipfa etiam fit fons ceterarum idearum. Spinoz.,
de emendatione intellect.

t Ut jam oftendam naturam nullum {ibi finem prefixum ha-
bere, & omnes caufas finales nihil nifi humana effe figmenta, non
opus elt multis, &c. Hoc adhuc addam, nempe hanc de fine
dodtrinam naturam omnino evertere,  Append. prop. 36. part 1.
Erhic.

* Omnia corpora ab aliis circumcinguntur, & ab invicem de-
terminantur ad exiftendum & operandum, certi ac determinatd
ratione, fervati femper in omnibus fimul, hoc eft in toto uni-
verfo, eidem ratione motus ad quietem, Epif. 15 Corpus
motum vel quicfcens ad motum vel quietem determinari debuit
ab alio corpore, quod etiam ad motum vel quietem de:ermina-
tam fuit ab alio, & iilud iterum ab alio, & fic in infinitum.

Ethic. part 2. prop. 13. lem. 3. S
| Des
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Des Cartes, But from a comparifon of their method
and principles, we may beware of the danger of
fetting out in philofophy in fo high and prefumptuous
a manner ; while both pretend to deduce compleat
fyftems from the clear or true ideas, which they
imagined they had, of eternal effences and neceflary
caufes, If we attend to the confequences of fuch
- principles, we fhall the more willingly fubmit to ex«

perimental philofophy, as the only fort that is fuited
to our faculties. It were unreafonable to charge
upon Des Cartes the impious confequences which
Spinoza may have been led into from his principles :
- but we cannot but obferve, to the hcnour of Sir
Ifaac Newton’s philofophy, that it altogether over-
throws the foundation of Spimeza’s doltrine, by

fhewing that not only there may be, but that there
aCtually is a vacuum 5 and that, inftead of an infinite,
neceffary, and indivifible, plenitude, matter appears
to occupy but a very fmall portion of fpace, and to
have its parts actually divided and feparated from
cach other.

It would be of no ufe to give a more particular
account of the fyftem of Spinoza ; nor is it poflible
to defcribe fully, in an intelligible manner, {o abfurd
a dotrine, It is allowed even by thofe who, on
other occafions, have thewn a difpofition towards
fcepticiim, in relation to the foundations of natural
religion, to be the moft monftrous that can be ima-
gined ; and to be fo oppoflite to the moft evident

notions we are able to form *, that no perfon of a
right

- ® Thefe are the words of Mr. Bayle in the article of Spinoz+ 3
‘where he expofes the abfurdities of this fyftem very clearly, ard
affirms that the weakeft of its adverfaries was 2ble to have over-
torned it. Our view in giving {ome account of it, was not only

- 10 (hew the abfurd confequences to which Des Carses’s fyftem
] G leads,
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right mind can be in hazard of giving into it, =~ He
pretends, indeed, to proceed in the geometrical me-
thod and ftyle; but while he affumes a definition of
jubftance and of its attributes at his pleafure, and
pafles from his definitions as true ideas (as he calls
them) to the neceflary exiftence of the thing defined,
by a pretended immediate confequence, which he
‘will not allow to be difputed, his whole fuperftruc-
ture appears a mere petitio principii or fittion. By
his way of proceeding, any fyftem whatfoever might
be eftablithed. But it dees not appear pofiible to
invent another fo abfurd, while he maintains that
‘there is but one fubftance in the univerfe, endowed
with infinite attributes, (particularly, infinite exten-
fion and cogitation) that produces all other things,
1n itfelf, neceffarily,as its own modifications 3 which
alone is, in all things, caufe and effeét, agent and
patient, in all refpects phyfical and moral, |
The Cartefian doftrine has been often altered, and
varioufly mended, fince it was firft propofed by its
author ; and, for a hundred years together, many
ingenious men have been making their utmoft ef-
forts to patch it up, and fupport its credit, by re-
forming firft one part, and then new-modeling an
ther part of this extenfive fyftem, But the founda
tion is fo faulty, and the whole fuperftrutture fc
erroneous, that it were much better to abandon the
fabrick, and fuffer the ruins to remain a memorial,

in all time to come, of the folly of ph:lufuphlcal
prefumption and pnde.

leads, but likewife to trace Spimoxa’s doéirine to its fource (fo
the fake of fome who may have been mifled into a favourab.
opinion of it), which is no other than the Cartefian fable

which almoft every aruicle has been difproved by Sir I/
Neavton, or others. ,
h an
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Mr. Leibnitz retained the Cartefian fubtile matter,
with the univerfal plenitude and vortices ;3 and re-
prefented the univerfe as a machine that thould pro-
- ceed for ever, by the laws of mechanifim, in the moft

perfe&t ftate,; by an abfolute inviclable neceffity ;
- tho’ in fome. things he differs from Des Carves. Af-
ter Sir J/aac Newton’s philofophy was publithed (in
- 1687), he printed an eflay on the celeftial motions
(4. Erudit. 1689) where he admits of the circu-
lation of the ether with Des Cartes, and of gravity
‘with Sir Ifaac Newton ; but he never explained how
theﬁ: could be recon{:ﬁﬁd and adjufted together, fo
~ as to account for the planetary revolutions ; or how
~ gravity arofe from the impulfe of this ether, Nor
*dld he thew how his harmonical circulation of the
1 ether could be reconciled with the law of the mo-
# tions of the feveral planets, in their refpective orbits 3
- which is very different from the law of the motions
*uf the fame planer, at its various diftances from the
dun.  The angular velocity of any one planet, de-
~creales from the peribelium to the aphbelum, in the
fame proportion as its diftance from the fun increafes,
~and this is what he calls the harmonical circulation.
If this law took place likewife in the motions of the
(different planets compared together, throughout
the {yftem, this hypothefis, of “their being carried
along with a circulating ether, might appear more
‘,lerab]ﬂ but the velocities of the planets, at their
~mean diftances, decreafe in the fame proporiton as
the {quare-roots of the numbers which exprefs thofe
diftances from the fun. Neither did he thew how
1o reconcile this circulating motion of the ether with
“the free motions of the comets in all directions, or
~with the obliquity of the planes in which the piamm
‘zevolve to the cquator of the fun and to one ano-
G2 ther 3
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ther ; or refolve the other obje@tions to which this
hypothefis of a plensm and wverliices is liable.

Afterwards however, on occafion of fome difputes
that had arifen concerning his title to the invention
of the calculus of infiniteimals, or method of
fluxions, he appeared with great warmth againft Sir
Ifaac Newton’s philofophy, and placed himfelf at the
head of its oppofers. It is needlefs to infift here on
the paflion and prejudices that his followers have
expreffed againft it, and againft thole that have ap-
peared in its defence. It is better to forget thefe,
and to confine a philofophical difpute to philofophi-
cal matters,

Mr. Leibnitz’s {yftem has been the more accept-
able to many, becaufe, from the wifdom and good-
nefs of the Deity, be concluded the univerfe, upon
the whole, to be a perfeét work, or the beft that
could poflibly have been made. This dottrine was
very agrecable in all times to the philofophers who
acknowledged a fupreme beneficent governor ; but
the origin of evil perplexed them. The folution of
this was what Socrates expefted from the writings of
Anaxagoras, but was difappointed. The fupreme
Being, according to Zimeus Locrus, was depgpyos
7é Pertiovos.  Plato taught that the {fupreme gover-
nor has difpofed and complicated all things for the
happinefs and virtue of the whole, and that our
complaints are groundlefs, arifing from our narrow
views of things. Chry/fippus was of opinion * that it

could

* Lxiltimat Chryfippus non hoc fuifle nature principale confi-|

lium ut faceret homines morbis obnoxios, nunquam enim hog |
convenifle naturz auctori, parentique rerum omnium bonarum ;|
fed quum multa atque magna gigneret, pareretque aptiffima &
utililima, alia quoque fimul agnata {unt incommoda iis ipfis qua

facicbat
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could nevér have been the aim or firft intention of
the Author of nature, and parent of all good, to
make men obnoxious to difeafes ; but that while he
was producing many excellent things, and forming
his work in the beft manner, other things alfo arofe,
connected with them, that were incommodious ;
which were not made for their own fakes, but per-
mitted as neceflary confequences of what was bef,
Mr. Leibnitz has wrote at great length in defence of
this doftrine, and has endeavoured to anfwer the
objections that have been made againtt the perfection
of the univerfe.

~ But this learned author’s {peculations, tho’ they

may perplex a cautious reader, cannot fatisfy him,
He propofes two principles as the foundation of all
our knowledge ; the firft, that it is impoffible for a
thing to be, and not to be at the fame time, which,
he fays, is the foundation of {peculative truth. The
other is, that nothing is without a fufficiens reafon
why it fhould be fo rather than otherwile; and by
this principle, according to him, we make a tran(-
tion from abftraéted truths to natural philofophy.
From this principle he concludes, that the mind is
naturally determined, in its volitions or elettions, by
the greateft apparent good ; and that it is impofible
to make a choice between things perfeétly like, which
he calls indifcernibles ; from whence he infers, that
two things perfectly like could not have been pro-
duced even by the Deity. For this reafon, and
other metaphyfical confiderations, he rejects a va-
cuum, the parts of which muft be fuppofed perfectly
like to each other. For the fame reafon he alfo re-
jeéts atoms, and all fimilar particles of matter 5 to

faciebat cohzrentia ; eaque non per naturam, fed per fequelas
quafdam neceffarias, fafta dicit, quod ipfe appellat xara waga-
merslngw,  Aul, Gell. lib, 6, cap. 1.

33 each
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each of which, tho’ divifible 7z infinitum, he afcribes
* 2 monad, or altive kind of principle, in which,
fays he, are as it were perception and appetites.
The effence of fubftance he places in action or acti-
vity, or rather (as he exprefles it) in fomething that
1s between alting and the faculty of afting. He
affirms abfolute reft to be impofiible, and holds mo-
tion, or a fort of #ifus, to be eflential to all mate-
rial fubﬁantes Each moned he defcribes as repre-
~ fentative of the whole univerfe from its point of
fight; and, after all, in one of his letters tells us,
that matter is not a fubftance, but a fubflantiatum,
“or phenomene bien fondé.

Such are the doftrines and expreffions of a philo-
fopher who valued himfelf upon his clear and ade-
quate ideas, and ridiculed the metaphyfics of the
Englifh, as narrow, and founded on unadequate no-
tions, The criterion of truth is wufually placed in
clear and evident perception ; but fome philofophers
feem to value doétrines in proportion as they are
obfcure. 'Who would imagine that, in natural phi-
lofophy, fuch arguments fhould be preferred to the
plaineft fats and experiments for determining the
queftion concerning a vacwum 2. Let any man reflect
on his own thoughts, from which only any notions
we have of liberty (and confequently of the divine
liberty) can be derived; and if he is fatished that
he could chufe between two defirable things that ap-
pear equally good, rather than want both, fuch ar-
guments can have no force upon him. His diffi-
culty feems ftill to remain againft the particles of
matter, after all the pains he had taken to diftinguifh
them by his monads 5 for how fhall we dillinguifh the
monads themfelves? or if that may be practicable,

* A&a Liph=, 168, p. 435. o
ow
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how fhall we diftinguifh the fame monad from itfelf,
in all the moments of its exiftence? If two things
perfectly like to each other can exift in different
- times, furely they may exift in different places at the
fame time. This learned author appeared very
averfe to thofe dotrines which he imagined had a
tendency to reftore the exploded tenets of the fcho-
laftic philofophy ; yet thefe monads, as far as he has
condefcended to defcribe them, appear to be as in-
comprehen(ible as their {fubltantial forms, entelecheia,
or moft occult qualities.

He makes great ufe of a comparifon between the
effects of oppofite motives on the mind, and of
weights placed in the feales of a ba]lance or of
powers acting upon the fame body with contrary
diretions. Hs learned antagonift denies that there
is a fimilitude between a ballance moved by weights;
and a mind acting upon the view of certain motives;
- becaule the one is entirely pafiive, and the other not
- only is afted upon, but aéts alfo. The mind, he

owns, is purely paffive in receiving the impreffion of

the motive, which is only a perception, and is not
- to be confounded with the power of alting after, or
in confequence of, that perception. The difference
between a man and a machine does not confift only
- 1n fenfation, and intelligence 3 but in this power of
acting alfo. The ballance for want of this power
- cannot move at all, when the weights are equal:
but a free agent, fays he, when there appear two
perfectly alike reafonable 'ways of acting, has ftill
- within itfelf a power of chufing; and it may have
~ ftrong and very good reafons not to forbear. Itis

evident that as it is from internal confcioulnefs I

know any thing of liberty, fo no affertion contrary
- to what I am confcious of concerning it can be ad-

- mitted ; and it'were better perhaps to treat of this
G 4 bltrufes

&
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abftrufe fubject after the manner of experimental
philofophy, than to fill a thoufand pages with meta=
phyfical difcuflions concerning it. But to leave this
fubject, the doctrine of liberty is fo foreign to the
queftions concerning a vacuum and atoms, that it
~ mutt appear a far-fetched uncommon ftretch of me-
taphylics to pretend to determine them by it; and
very unaccountable to refufe the Deity the power of
producing, by one aét of his will, all the matter in
the univerfe at once, tho’ it thould be fuppofed per-
fetly fimilar and uniform,

5. From the fame principle, Mr. Leibnitz con-
cluded, that the material fyftem is a machine abfo~
lutely perfect, that can never fall into diforder, or
require to be fet right ; and that to imagine that
God interpofes in it, is to leffen the fkill of the Au-
thor, and the perfeétion of his work.

But this 1s more than his own principles require,
For tho’ it thould be allowed that nothing 1s limited
without a {ufficient reafon; yet, upon the whole, it
may be better that the Author of the world fhould
act immediately in it, cherithing and governing his
work, and fometimes changing or renewing it,
Can the beauty and perfeétion of the univerfe be
the worfe for His aling in it, who muft be fuppofed
to act always with perfect wifdom? It was fic that
there fhould be, in general, a regularity and con-
ftancy in the courfe of nature; not only for the fake
of its greater beauty, but alfo for the fake of intel-
ligent agents, who without this could have had no
forefight, or occafion for choice and wifdom in
judging of things by their confequences, and no
proper exercife for their other faculties. But tho’
the courfe of nature was to be regular, it was not
neceffary that it fhould be governed by thofe princi-

ples
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ples only which arife from the various motions and
modifications of unaétive matter, by mechanical
laws ; and it had been incomparably inferior to what
it is, in beauty and perfection, if it had been left
to them only.

Sir Ifaac Newton was of opinion that the fabrick
of the univerfe, and courfe of nature, could not
continue for ever in its prefent ftate, but would re-
quire, in procefs of time, to be re-eftablithed or re-
newed by the fame hand that formed it. Yet this
philofophy was condemned by Mr. Leibnitz as lead-
ing to impiety 3 and, which is very furprizing, “this
particular doCtrine was excepted againft as having
fuch a tendency. He objected, that as a good artiit
made his workmanthip as perfet as pofiible, fo it
argued a want of power or fkill in the Author of
the world, if it fhould ever require to be reformed
or wound up again. But Sir Ifaac Newton thought
it altogether confiftent with the notion of a moft
perfet Being, and even more agreeable to it, to
fuppofe that he fhould form his work dependent
upon himfelf, fo as after proper periods to model it
anew, according to his infinite wifdom. To exclude
the Deity from acting in the umverfe, and govern-
ing it, is to exclude from it what is moft perfect and
beft, the abfence of which no mechanifm can fup-
ply. Such a doctrine could not have been propofed
by one of Mr. Leibnitz’s {entiments concerning the
perfection of the univerfe, if he had not been mif-
led by an exceflive fondnefs for neceflity and me-
chanifm. |

The capital doctrine of this philofophy that repre-
fents the univerfe as a perfe&t machine, fuch as may
continue for ever by mechanical laws in its prefent
ftate, is, that the fame quantity of force and vigour

remains
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remains always in it, and pafles from one portion of
_matter to another, without undergoing any change
in the whole, Des Cartes maintained that the {ame
quantity of motion is always preferved in the uni-
verfe. Spinoza called it the fame proportion of mo-
tion to reft. Mr, Leibnitz diftinguifhed between
the quantity of motion, and the force of bodies;
he owns that the former varies, but maintains that
the quantity of force is for ever the fame in the uni-
verfe: and yet there 1s no doftrine more repugnant
to perpetual experience and common obfervation
than this is, even tho’ we fhould meafure the forces
of bodies by the fquares of the velocities, according
to his do¢trine. It all bodies in the world had a
perfet elaflicity, there might be fome pretence for
maintaining this principle.  But there never hasbeen
difcovered as yet any one body, whofe elafticity is
perfect 5 and when any two bodies meet with equal
'mations they rebound wich lefs motions, and there
1s always force loft by their collifion ; and if the bo-
dies are foft, they both ftop, becaufe of the impe-
netrability of their parts; or, to fpeak in this au-
thor’s favourite fiyle, becaufe there can be no fufli-
cient reafon why one of them fhould prevail, rather
than the other. In this cafe, their whole motion is
loft ; and the motion of the one being deftroyed by
the oppoiite motion of the other, it is without
grmmd and merely to fave an hypmhef:-, that a
fluid is imagined, which they feign to receive and
retain the forces of thnfc bodies.  When liberty 1s
taken to fupport one fiftion by another, this by a
third, and fo on, any fyftem may be maintained.
According to our firft views of matter and motion,
from the plaineft experiments, matter appears to be
an unactive fubftance of no elafticity ; yet they
afcribe a perfect elafticity to all their fubtile matter 3
and laws of motion are propofed by them as general,
3 which
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which can hold of perfectly elaftic bodies only, that
is, of bodies not one of which has hitherto been
found in nature. They have never been able to ex-
plain how this perfeét clafticity arifes from the laws
of mechanifm ; yet, according to them, the world
is 2 mechanical perpetual movement,

The genius of this kind of philofophy appears on
no occafion fo evidently, as from the arts which
have been ufed to get rid of the infuperable objec-
tions againit the vortices. To remove the difficulty
a ftep farther, or to involve the queftion in obfcu-
rity, new wsrtices are introduced in every infinitely
{mall particle of matter. From thele, if there be
occafion, they will defcend into another order infi-
nitely lefs ; and {o on ; for they exprefly pretend to
take the fame benefit from the infinite orders of infi-
nitefimals, in philofophy #*, that is claimed by fome
late geometricians in the refolution of their problems.
Thus (as we obferved elfewhere 1) an abfurd philo-
fophy is the natural produét of a vitiated geometry.
For tho’ it follows from our noticn of magnitude,
that it always confifts of parts, and is divifible with-
out end, yet an actual divifion in infinitum is abfurd,
and an infinitely little quantity (even in Mr, Leib-
nitz’s judgment 1) 'is a mere fiction, Philofophers
may allow themfelves to imagine likewife infinite
orders of infinitely fmall particles of matter, and
fuffer themfelves to be tranfported with the idea
but thefe illufions are not fupported by found geo-
metry, nor agreeable to commion fenfe. After all
that has been faid for the wortices, there is not one
experiment to favour them; and fome of the moft

®* Mem. de I'’Academie Royale des Sciences, 1729.
+ Treatife of Fluxions Introd. p. 47.
1 Effay de Theodicée, § 70.

comimon
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common and fimple are againft admitting fuch fluids
and their motions.

‘We have another inftance of the art by which
they fupport their fchemes, in the pretended demon-
ftration they give againft the poffibility of atoms, or
of any perfectly hard and inflexible bodies. Accord-
ing to what they call the law of comtinuity, all
changes in nature are produced by infenfible and in-
finitely fmall degrees; fo that no body can, in any
cafe, pafs from motion to reft, or from reit to mo-
tion, without paffing through all poffible interme-
diate degrees of motion 3 from which they conclude
that atoms, or any perfectly hard bodies, are impof-
fible ; becaufe if two of them fhould meet with
equal motions, in contrary diretions, they would
neceffarily ftop at once, in violation of the law of
continuizy ¥,  But upon what grounds have they
made this an univerfal law of nature? Tho’in
common bodies (which are loofely compounded of
particles that are themfelves compounded of others
of a lower order, and fo on; {o that we cannot ar-
rive at the elements, or atoms, till- after we know
not how many refolutions) the parts yield in their
collifions, we cannot affirm this of the atoms or ul-
timate elements themfelves. This yielding is a con-
fequence of the contexture of bodies, which have
always much more of void interftices than of folid
matter, and confift of particles that muit be fup-
pofed to adhere to one another with a force incom-
parably lefs than that by which the matter of the
elementary particles themfelves holds together .

' . The

* Difcours fur le Mouvement, Paris 1920,
4+ The author of the above cited difcourfe on motion, tells
us, that if nature could pafs from a ftate of motion to a ftate of
reft at once, without pafling through the intermediate degrees of
motion,
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The truth is, they found it neceflary to reje bodies
of a perfect hardnefs; becaufe it was impoflible to
explain the effeéts of their collifions, in a manner
confiftent with the prefervation of the fame quantity
“of force in the univerfe, or with their new doctrine,
That the forces of bodies are as the [quares of the velo-
¢ities 3 and therefore they had recourfe to this new
law of continuity to proferibe them. If fuch a body
fhould ftrike another equal quiefcent body, of the
fame kind, the velocity of the firlt would be equally
divided by the ftroke between them ; butif we mea-
{ure the force by the fquare of the velocity, each of
them would have but one fourth part of the force of
the firlt body ; and both together would have but
one half of its force 3 fo that the other half would
be neceflarily loft, without producing any fort of
effet. In order to get rid ofp objections of this kind,
fome of the favourers of the new doétrine, con-
cerning the menfuration of the force of bodies, con-
tent themfelves with obferving, that no bodies of a
perfect hardnefs have been found in nature ; tho’
there is the fame objeftion againft admitting and
treating of bodies of a perfet elafticity. But others
boldly rejet fuch hard bodies as impoffible, from
thofe far-fetched metaphyfical confiderations we have
defcribed. How much they have endeavoured to
perplex the theory of motion, in its plaineft parts,
from a zeal for the fame docirine, will appear after-
wards.

motion, then one ftate would be deftroyed before nature could
know what new ftate fhe ought to determine herfelf to ; and
asks how fhe could then determine herfelf to any one Rtate rather
than another? In anfwer, we need only obferve, that to ceafe
to move is the fame as to be at reft, and that when the equal
atoms ilop each other at once, there is no interval between the
ftate of motion and that of reft; and that when motion is de-
Atroyed, relt neceffarily enfues,

The
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The power of mechanifm was never more mag=
nified than by Mr. Leibuiiz’s famous doétrine of a
pre-eflablifbed barmony, as he calls it. According to
Des Cartes, the brutes were mere machines 3 and this
doctrine, to many, appeared incredible, But this
1s nothing in comparifon to what Mr. Lerbnitz would
have usbelieve, when he tells us that the foul does not
act on the body, nor the body on the foul; that
both proceed by necefiary laws, the foul in its per-
ceptions and volitions, and the body in its motions, |
without affeéting each other ; but that each is to be |
confidered as a {eparate independent machine. The
volitions of the mind are followed initantly by the
defired motions of the body, not in confequence of
thofe volitions in the leaft, but of the nice and well
adjufted machinery of the body. . The impreffions
produced in the fenfory have no effect on the mind,
but the correfponding idea arifes, at that precife
time, in confequence of a chain of caufes of a diffe-
rent kind. ‘Thus all that men do or fay, is no more
than the effect of exquifite machinery, according to
him. Butitis time for us to leave thofe fictions,
left the reader fhould be tempted to think that all

philofophy is illufion.

CiH A P 2V,
Conclufions from the foregoing obfervations.

i HPE fum of what we have obférved is, that .
- tho’ thefe learned men may have fhewn
abundance of genius and invention in their writings 3
yet they, and all others who have followed a like
method, have begun at the wrong end, in tracing
the chain of caufes, and have attempttd to form a
fcheme of philofophy that far furpafles the human
facul-
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faculties. The eternal reafons and primary caufes
of things, which they imagine they poflefs, rife in-
finitely above them ; while certain obfervarion, and

plain fa&s perpetuaily appear in contradi¢tion to
their boafted fpeculations.

We are to endeavour to rife, from the effects
thro’ the intermediate caufes, to the fupreme caufe.
‘We are, from his works, to feek to know God, and
not to pretend to mark out the {cheme of his con-
du&, in nature, from the very deficient ideas we

- are able to form of that great myfterious Being.
Thus natural philofophy may become a fure bafis to
natural religion, but it is very prepofterous to de-
duce natural philofophy from any hypothefis, tho’
mvented to make us imagine ourfelves pofieft of a
more complete fyltem:of metaphyfics, or contrived
perhaps with a view to obviate more eafily fome dif-
ficulties in natural theology. We may, at length,
reft fatisfied, that in natural philofophy, truth is to
be difcovered by experiment and obfervation, with
the aid of geometry, only ; and that it is neceffary
firft to procced by the method of analyfis, before
we prefume to deliver any fyftem fynthetically.

We may alfo learn at length, from the bad fuc-
cefs of fo many fruitlefs attempts, to be lefs fond of
perfect and finithed fchemes of natural philofophy ;
to be willing to ftop when we find we are not in a
condition to proceed farther ; and to leave to pofte-
. rity to make greater advances, as time and obferva-
tion fhall enable them. For we cannot doubt but
that nature has difcoveries in ftore for future times
alfo, which may be retarded by our rath and ill-

- grounded anticipations., By proceeding with due
. care, every age will add to the common ftock of
knawledﬂre : the myfteries that {lill lie concealed in
nature

*
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nature may be gradually opened, arts will flourifh
and increafe, mankind will improve, and appear
more worthy of their fituation in the univerfe, as .
they approach more towards a perfet knowledge of
nature,

2. *Twas thus the fpeculative parts of the mathe-
matics gradually arofe, from {mall beginnings, by
the confpiring labours of great men, in the diftant
ages of the world. The Egyptians began this
{cience, the Greeks purfued it, the Arabians preferved
it, when it was loft in Europe, and fet a high value
upon it while their empire flourithed ; and fince the
late memorable reftoration of letters in Exrope, its
great progrels has been the boalt of modern learning,

The inundations of the Nile made it neceffary for
the Egyptians to invent fome art by which they
fhould be able to meafure their land, and to this, we
are told, geometry owes its origin and name, The
priefts of that country, abounding in leifure and
genius, improved it into a fcience; and their kings
wrote treatifes upon it. Zbales brought the princi-

les of it into Greece, where it was fo diligently cul-
tivated that the elementary part was foon come
pleated, and was fo highly efteemed as to have the
appellation of the mathemata in a manner appro-
riated to it. An oracle appointing the cubical altar
of Apolls to be doubled was, we prefume, of greater
advantage to geometry than to the Atbenians then
afflited with the plague; as it gave occafion to
Plato to confider the famous problem of the dupli-
cation of the cube, and produced the fo/id geometry.
It afterwards received great improvements from the
incomparable Archimedes, who {quared the area of
the parabola, made fome progrefs in the menfura-
tion
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tion of the circle, and enriched this fcience with
many difcoveries worthy of fo excellent a genius,

It appears that it advanced but by degrees, and
fometimes by very flow fteps: one, we are told, dif-
covered that the three angles of an equilateral tri-
- angle were equal to two right ones ; another went
farther, and fhewed the fame thing of thofe that
have two fides equal and are called 7/5/celes triangles 3
and it was a third who found that the theorem was
general, and extended it to triangles of all forts *.
In like manner, when the fcience was farther ad-
. vanced, and they came to treat of the conic feGtions,

the plane of the fection was always fuppofed perpen-
dicular to the fide of the cone; the parabole was
~ the only fection that was confidered in the right-
- angled cone, the e//ipfe in the acute-angled cone,

and the byperbola in the obtufe-angled. From thele
~ three forts of cones, the fgures of the fections had
- their names, for a confiderable time; till at length
Apollonius thewed how they might be all cut out of
any one cone, and by this difcovery merited in thofe
days the appellation of the great geometrician.

By fuch fteps this fcience rofe, in procefs of time,
to that vaft height for which it is admired, Pro-
‘blems that appﬂared of an infuperable difficulty in
‘one age were refolved in another, and, in a third,
“were in a manner defpifed as too fimple and eafy 3
particular theorems were firft inveftigated that lt‘d to
‘more extenflive difcoveries 3 laborious methods were
followed, till others were found that were more {im-
“ple and general; but the greateft care was always
‘taken of the certainty and evidence of the fcience,
‘as it was carried on, There was indeed a long

* Procli Comment. in Euclidem,
H inter-
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interval of many ages, between the period when it
flourithed in Greece, and revived in Eurgpe : but the
antients, having founded it on unexceptionable
grounds, and carried it on with the utmoft accuracy,
when learning was reftored, their works ferved for
a bafis, as well as for models, to the modern inven-
tors. 'Thus the gradual progrefs of mankind in this
icience appears {imilar, in {ome refpets, to the ad-
vances of a man in vigour and knowledge. They
firt made effays of a weak and unexperienced
ftrength, which by degrees acquired more and more
force, till at length, after the fuccefsful labours of
feveral ages, nothing feem’d too high for them.

3. From what we have obferved concerning the
hiftory of natural philofophy, it may eafily be un-
derftood why its progrefs has been fo different ; and
whence it proceeds that we {feldom have found n it,
as in geometry, that pleafing gradual rife from fmall
beginnings to greater heights. Inftead of fearching
into nature, men retired to contemglate their own
-thoughts ; inftead of tracing her operations, they
gave their imaginations full play : where they ought
to have hefitated, they decided; and where there
was no difficulty, they doubted. What was fimple
they divided, and defined what was plain; but in
what was more intricate, the fubterfuges of art were
fet up in oppofition to nature, and captious {cience
againft common reafon; while one ill-grounded
maxim was imagined, to fupport another, and fi¢tion
‘was grafted on fiction. Hypothefes were invented,
not for reducing faéts or obfervations of a compli-
cated nature to rules and order, (for which purpofe
they may be of fervice) but as principles of {cience.
Thefe were of fo great authority as not to be over-
turned by contradictory obfervations, or by the ex-
travagant confequences that arofe from them ; but

the
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the aathor, charm’d with his rhapfody, proceeded,
without minding thefe, to the conclufion of his

fable.

Thus one age or fe¢t could not but deftroy, for
the moft part, the labours of another. Sometimes
the mumbers and barmony of the Pythagoreans {erved

for explaining what was molt myfterious in nature ;
the ideas of Plato, the matter and form of Ariftoile
prevailed in their turn; but thefe were of ufe only
to veil the ignorance of men. Epicurus employed
his philofophy to overthrow the plain and evident
dictates of fenfe and reafon ; yet difciples were not
‘wanting to fupport and adorn fo abfurd a fcheme.
The Sceptics went into the oppofite extreme, and
became fo fond of darknefs that they would not fee
the light tho’ never fo clear; and fome of them
chofe rather to doubt that they doubted, than to ac-
ﬂ;knﬂwledge any thing; yet they too had numerous
Hfollowers, Afterwards philofophy was in no efteem
but as far as it ferved, by a perplexed and falfe glofs,
to promote the ends of fuperftition. Of late, the
pretended clear ideas of Des Cartes, and metaphyfi-
cal {peculations of Mr. Leibuitz, have been received
by many for true philofophy ; not to mention the
‘extravagancies of Spinoza, and a thoufand crude no-
"?.'iﬂns that deferve no memory.

~ We have feen, in the foregoing account of the
ftate of philofophy in different periods, that they
who have indulged themfelves in inventing {yftems
and compleating them, tho’ they have fometimes
fet out in a manner that has appeared plaufible, yet,
in purfuing thofe fchemes, fuch confequences have
arifen as could not fail to difguft all bur fuch as were
intoxicated with the deceit.  Some, from their fond-
¥ H 2 nefs
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nefs to explain all chings by mechanifm, have been
led to exclude every thing but matter and motion
out of the univerfe: others, from a contrary difpo~
fition, admit nothing but perceptions, and things
which perceive ; and fome have purfued this way of
reafoning, till they have admitted nothing but their
own perceptions. Others, while they overlock the
intermediate links in the chain of caufes, and haftily
refolve every principle into the immediate influence
of the firft caufe, impair the beauty of nature, put
an end to our enquiries into the moft fublime parc of
philofophy, and hurt thofe very intercfts which they
would promote. In framing thofe {yftems, he who
has profecuted each of them fartheft 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,. Many who
fuffered themfelves to be pleafed with Des Cartes’s
fable, were put to a ftand by Spinoza’s impieties.
Many went along with Mr. Leibnitz’s {cheme of ab-
folute neceflity, but demurred at his momads and
pre-eftablifbed barmony. And fome, willing to give
up the reality of matter, could not think of giving
up their own and other minds.

. The variety of opinions and perpetual difputes
amongft philofophers has induced not a few, of late
as well as in former times, to think that it was vain
labour to endeavour to acquire certainty in natural
knowledge, and to afcribe this to fome unavoidable
defect in the principles of the fcience. But it has
appeared fufficiently, from the difcoveries of thofe
who have confulted nature and not their own imagi-
nations, and particularly from what we learn from
Sir Ifaac Newton, that the fault has lain in the phi-:-.
lofophers themfelves, and not in philofophy, A

CGMf
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o U el G ¢

Of the theory of motion, or rational mechanics,

ol = 5. -0 o

Of Jpace, time, matter, and motion.

1. S we are certain of our own exiftence, and
A of that of our ideas, by internal confci-
oulnefs; fo we are fatisfied, by the fame
confciouinefs, that there are objects, powers, or caufes
without us, and that act upon us. For in many of
our ideas, particularly thofe that are accompanied
with pain, the mind muft be paffive, and receive
the impreffions (which are involuntary) from exter-
nal caufes or inftruments, that depend not upon us.
‘We ealily diftinguifh thefe objets into two general
claffes. The firft is of thofe which we perceive to
have a {pontaneity, or felf-moving power, and feveral
properties and affections fimilar to thofe of our own
minds, fuch as reafoning, judging, willing, loving,
hating, €c. The fecond general clafs is of thofe
in which no fuch affettions appear, but which are fo
far of a paffive nature, that they never move of
themfelves, neither, when they are in motion, do
they ever ftop without fome external influence, If
one of thefe move out of its place, without the ap-
pearance of a mover, we immediately conclude that
this is owing to fome invifible agent; fo much are
we perfuaded of its own snertia.  If we lay up one
of them n any place, we expect to find it there at
any
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any diftance of time, if no other powers have had
accefs to it. This paflive nature, or 7nertia, is what
chiefly diftinguifhes the fecond clafs of external ob-
jeéts, which is called Jody or matter ; as the former
is called mind or fpirit,

2. How external objedts, of either clafs, act upon
the mind, by producing fo great a variety of im-
preflions or ideas, is not our bufinefs at prefent to
enquire : neither is it neceflary for us to determine
how exatt or perfect the refemblance may be be-
tween our ideas and the objects or fubftances they
reprefent, In our ideas which are repetitions of
other ideas, we find very different degrees of refem-
blance between them and thofe of which they are
repetitions. The idea we form in our imagination
of a perfon, place, or figure which we have often
feen, has a much more perfect refemblance to the
impreflion we receive from fenfe, than the idea we
are able in our imagination to form of pain, as to
the fenfation we have felt of it. Andasit is no
objettion againft the exiftence of the fouls of other
men, that they may be very different from the no-
tion or conception we may have formed of them ;
fo it is no juft reafon againft admitting the exiftence
of body, that its inward effence, or fubfiratum, may
be very different from any thing we know of it.
It is, however, rating our ideas of external objects
by much too low, to compare them to words or
arbitrary figns, ferving only to dittinguith them from
each other. For it is from our ideas of them that
we learn their properties, relations, and their in-
fluences upon each other, and upon our minds and
thofe of others, and acquire ufeful knowledge con-
cerning them and ourfelves. For example, by com-
paring and examining our ideas, we judge of order
and confufion, beauty and deformity, fitnefs and

H 4. Uﬂﬁ[ﬂl
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unfitnefs, in things. The ideas of number and pro-
portion, upon which fo ufeful and extenfive fciences
are founded, have the fame origin.

The mind s intimately confcious of its own
aﬂ:mty in reflecting upon its ideas, in examining and
ranging them, in forming fuch as are complex from
the more fimple, in reafoning from them, and in its
eletions and determinations. Irom this, as well as
from the influence of external objects upon the

"nnd, and from the courfe of nature, it eafily ac-
quires the ideas of caufe and effe¢t.  When a
figure defcribed upon a board produces a fimilar idea
or impreffion on all thofe who fee.it, it is as natural
to alcribe this to one caufe, as, when we fpeak to a
numerous audience, the effect of the difcourle is to
be afcribed to us ; tho’ we may be unable to explain
how che 1mprf:f11-:}n of the ﬁgure: is communicated to
the feveral fpcectators, or the difcourfe to the hearers.
It were eafy to make many more remarks on the
- philofophy nf thofe whofe prmuples would lead them
to maintain, that external objects vary with our pre-
ceptions, and that the object 1s always different when
perceived by different minds, or by the fame perfon
at different times, or in different circumftances. It
will not be expected from us that we fhould enter
farther, 1n a treatife of this kind, into the examina-
tion of doctrines as fruitlefs as they are extravagant,

4. Body not only never changes its ftate of itfelf,
in cc:-nf&quence of its paflive nature or inertia, but
it alfo refifts when any fuch change is produced :
when at reft, it is not put in motion without diffi-
culty ; and when in motion, 1t requires a certain
force to ftop it. This force with which it endea-
VOours to perfevere in its ftate, and refifts any change,
is called 1ts vis inertie 3 and arifes from the marm;

0
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of its parts, being always proportional to the quan-
ticy of matter in the body ; infomuch that it 1s by
this fzertia only we are able to judge of the quantity
of matter. And this judgment is well founded,
becaufe we conftantly find that when we double or
triple a body, or increafe or diminifh it in any pro-
portion, we muft double or triple the force that is
requifite to move it with the fame celerity, or in-
. creafe or diminifh 1t in the fame proportion with the
body. If the folid, uncompounded particles void
of pores, of equal bulk, have their mertia equal,
then this muft be accurately true: but if matter be
of kinds fo different from each other, that the folid
elementary particles of the one have a greater inertia
than equal folid elementary particles of the other
- kind, then it is only when we compare thofe of the
{fame kind, that we can affirm the #nertia to be pro-
portional to the quantity of matter. Such different
kinds of matter may exift for ought we know; but
it is by diminithing or increafing the number or
dimenfions of the pores of bodies that they are
condenfed or rarified, according to our experience,

and thereby the inertia of a given bulk increafed or
diminifhed.

5. Space is extended without limits, immoveable,
uniform and fimilar in all its parts, and void of all
refiftance. It confifts indeed of parts which may be
diftinguifhed into other parts, lefs and lefs, without
end, but cannot be feparated from each other, and
have their fitvation and diftances changed,

6. Body is extended in {pace, moveable, bounded
by figure, folid, and impenetrable, refifting by its
inertia, dmﬁble into parts, lefs and lefs, without end,
that may be feparated from each other and have their
fituation or diftances changed in any manner.

7o
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4. From the fucceflion of our own ideas, and
from the fucceflive variations of external objects in
the courfe of nature, we eafily acquire the ideas of
duration and time, and of their meafures. We con-
ceive true or abfolute time, to flow uniformly in an
unchangeable courfe, which alone ferves to meafure
with exatnefs the changes of all other things. For
unlefs we correct the vulgar meafures of nme, which
are grofs and inaccurate, by proper equations, (as in
prediting the eclipfes of the fateilites of Fupiter, and
moft other aftronomical phanomena) the conclu-
fions are always found inaccurate and erroneous :
and however various the flux of time may appear to
different intelleGtual beings, it cannot, at leaft, be
thought to depend upon the ideas of any created
being. Time may be conceived to be divided into
fuccefive parts that may be lefs and lefs without end 5
tho’, with refpect to any one particular being, therc
may "be a leatt fenfible time, as well as a minimum
Jenfibile in other magn itudes.

8. Motion is the change of place; that is, of the
part of fpace which the body occupies, or in which
it is extended. The motion is 7eal or abfolute, when
the body changes its place in abfolute fpace. It is
called relative, when the body changes its place with
relation only to ambient bodiesy and it is apparent
motion, when the body changes its fituation with
refpect to other bodies that appear to us to be at reft.
The parts of abfolute fpace not being the objeéts of
our fenfes, it 1s one of the great difficulties in philo-
fophy to diftinguith which motions are true and real,
and which are apparent only. However, phl]ﬂﬁ}-
phers by proper care are often able to effect this, by
arguing juftly from the caufes of the motion when'
known, or from their properties and effects. - A real

circu-
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circular motion, for example, is always accompa-
nied with a centrifugal force, arifing from the ten-
dency which a body always has to proceed in a right
line. Thus, from the centrifugal force which, at
the =quator, diminifhes the gravity and retards the
motion of the pendulum, fo that it moves more
flowly there than towards either pole, we have a
proof of the earth’s diurnal rotation on its axis. At
the fame time, the diurnal revolution of the hea-
venly bodies about the earth muft be apparent only ;3
fince if it was real, an immenfe centrifugal force
would thence arife, which could not but difcover it-
felf ; becaufe they move in free fpaces, and the
folid orbs have been exploded upon the moft evident
grounds, _

9. I know that fome metaphyficians of great cha-
racter condemn the notion of abfolute {pace, and ac-
cufe mathematicians in this of realizing too much
their ideas : but if thofe philofophers would give due
attention to the ph&nomena of motion, they would
fee how ill grounded their complaint is, From the
obfervation of nature, we all know that there is mo-
tion ; that a body in motion perfeveres in that ftate,
till by the attion or influence of fome power it be
neceflitated to change it 5 that it is not in relative or
apparent motion in which it perfeveres, in confe-
quence of its mertia, but in real and abfolute motion.
Thus the apparent diurnal motion of the ftars would
ceafe, without the Jeaft power or force acting upon
them, if the motion of the earth was ftopt ; and if
the apparent motion of any ftar was deftroyed by a
contrary motion imprefled upon it, the other celeftial
bodies would ftill appear to perfevere in their courfe,
the centrifugal force at the @quator would ftill fub-
{ift, with the {pheroidical figure of the fluid ocean ;

the confequences of the real motion of the earth
upon
i
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upen its axis. 'They who are not well acquainted
with the theory of motion, more ealily allow that a
body at reft continues at reft, in confequence of its

paffive nature or ieriia, than that when in motion

it continues in motion : but this perfeverance of a
body in a ftate of reft can only take place with re-
lation to abfolute {pace, and can only be intelligible
by admitting it. When a topp turns upon a {mall
pivot, its circular motion will continue fmooth for a
long time, but any body placed upon its {urface does
not continue in that place, but immediately flies off.
When a fhip moves {teadily, any body placed in the
cabin continues in its place, as if the whole was at
reft ; but when the motion of the fhip is ftopt, the
body flies off in the direction of its former motion ;
for, in confequence of its iuertia, 1t endeavours to
perfevere, not in its ftate of reft in the fhip, but in
its ftate of motion or reft with regard to abfolute
fpace. It were eafy to enlarge on this fubject, and
to thew that there 1s no explaining the phznomena
of nature without allowing a real diltinction between
true, or real, and apparent motion, and between ab-
{folute and relative fpace. 'Whatever thofe philofo-
phers may pretend, we have no clearer idea than of
ipace ; and tho’ fome puzzling difputes may arife in

fome of our enquiries concerning it, this is what we

meet with in all our enquiries into nature 5 our know-
ledge of which we ought to take care to have ag
clear and well founded as pofiible, tho’ it is in vain
to pretend to make it complete and perfect ; as we
obferved in the firft book.

10. Body being diftinguifhed from fpace by its
vis inertie or refiftance, it is an obvious fuggeftion
of common fenfe that all fpace is not equally full of
matter 3 and it is the refult of philofophical enqui-
ries, that the folid matter in the denfeit bodies bears

5 a
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a {mall proportion to their whole bulk, The rays
of light find a paffage through a glafs globe in all
direétions, which argues the great rarity of the
globe, as well as' the fubtility of light., The fame
1s to be faid of the magnetic and eleCtric effluvia,
and of the fubtile matter that pervades the pores of
bodies with great freedom in chymical experiments,
As for thofe fluids which philofophers have invented,
in order to replenith the pores of bodies, fo as to
exclude a void out of the univerle, we made fome
oblervations vpon them in the firlt book ; and we
may have occafion afterwards to fhew how improper

they are for accounting for the phenomena which
have been afcribed to them,

11. Space and time ferve to meafure each other,
reciprocally, by motion: time is in a perpetual flux
and perithing ; but a reprefentation of it is preferved
in the fpace defcribed by the motion. When the
fpace flows as the time, that is, when equal parts of
{pace are defcribed in any equal parts of the time,
then the motion is uniform, and the velocity 1s con-
ftant or unvaried during the motion. When the
parts of {pace, defcribed in any equal fucceflive parts
of the time, continually increafe, the motion is ac-
celerated ; and when thofe parts of fpace continually
decreafe, the motion is retarded. In general, the
velocity of motion is always meafured by the fpace
that would be defcribed by that motion continued
uniformly for a given time. It is obvious that the
{pace, defcribed by an uniform motion, is in the
compound proportion of the time and velocity of
the motion : but in general, let a B, (Fig. 1.) the
bafe of a figure, reprefent the time of a motion, and
the ordinate or perpendicular p M, at any point p of
the bafe, meafure the velocity at the correfponding
term of time, (that is, the {pace which would dbf:

C=
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defcribed by the motion continued uniformly from
that term for a given time) then the area of the
figure ABD fo formed will meafure the fpace de-
fcribed by the motion, in the time reprefented by the
bafe A 8. Thus a rectangular parallelogram ferves
to meafure the fpace defcribed by an uniform mo-
tion, the time being reprefented by the bafe, and the
conftant velocity of the motion by the perpendicu-
lar, The fpace defcribed by a motion which is uni-
formly accelerated (the velocity of which increafes
uniformly as the time, that is, receives equal aug-
ments in any equal fucceflive parts of time) is repre-
fented by a triangle ; the time being reprefented by
the bafe, and the increafing velocity by the perpen-
dicular, which increafes in the fame proportion as
the bafe. Becaufe the triangle is the half of a paral-
lelogram of the fame bafe and altitude, the fpace
defcribed by a motion uniformly accelerated, during
any time, from the beginning of the motion, is one
half of what would have been defcribed if the mo-
tion had been uniform, and the velocity had been
the fame as is acquired at the end of that time.
Becaufe fimilar triangles are as the {quares of their
analogous fides, the {paces defcribed by a motion
uniformly accelerated, being meafured by fuch tri-
angles, are as the fquares of the times from the be-
ginning of the motion ; or as the {quares of the ve-
locities acquired at the end of thofe times, The
{paces defcribed by motions uniformly retarded are
meafured in the fame manner; only the times and
velocities are to be taken in a contrary order, till the
extinction of the motion. In other cafes, the fpaces
are meafured by curvilinear areas. And becaufe
there are areas whofe ordinates decreafe in fuch a
manner, that tho’ the figure be produced indefinite-
ly, the area never amounts to a certain finite fpace ;
it appears that the velocities of a retarded motion

may

3
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'may decreafe in fuch a manner, that, tho’ the mo-
tion was continued ever fo long, yet the fpace de-
{fcribed by it fhould not exceed any certain given
line. For example, if the velocity during the firit
hour be double of what it 1s in the {fecond hour, and
this be reduced to its half in the third hour, and fo
on for ever, then the fpace defcribed by this motion,
tho’ it was to continue for the greateft number of

ages, will never amount to the double of the line
defcribed in the firft hour.

12. The quantity of motion. in a body being the
fum of the motions of its parts, is in the com-
pounded ratio of its quantity of matter and of the
velocity of the motion. If the body a, of a quan-
tity of matter reprefented by 2, moves with a velo-
city reprefented by 5, and the body B, reprefented
by 3, moves with a velocity reprefented by 4 3 then
the quantity of motion of a, fhall be to the quan-
tity of motion of B, in the compounded ratio of 2
to 3 and of 5to 4, thatisas 2 X 5to 3 X 4, oras
10 to 12, There appears to be no ground for
making a diftin¢tion between the quantity of motion
and the force of a bodyin motion; as all the power
or activity of bedy arifes from and depends upon its
motion, We are not, however, to expect that all
the effets of the motion of bodies fhould be pro-
portional to the quantity of motion, unlefs a due
regard be had to the time of the motion, and to the
direction in which it aéts, according to the true
principles of mechanics. A body, in confequence
of its uniform motion, defcribes a certain fpace in a
certain time ; but there is no fpace {o great that may
- not be defcribed by it, if the time be not limited.
When a body ats upon another body, the effect is
very different according to the direction in which it
a@ts. How neceflary it is to have regard to thele,

111
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in determining the effects of the motions and actions
of bodies, will appear more fully in the next
chapter. '

13. When a body tends to move, but is hindered
by fome obftacle, this tendency is called preffure.
It is not to be compared with the force of a body
in motion, no more than aline is to be compared
with the rectangle that is generated by it, Of this
kind is the gravity of a body that refts and preffes
upon a table, or of water upon the bottom of a
veflel, or of air upon the fails of a thip, When the
obftacle is removed, the continual aétion of the pref-
fure generates motion in the body, in any finite time,
Thus gravity accelerates the motion of falling bo-
dies, by aéting inceffantly upon them. When an
orifice is opened in the bottom of a veffel, the pref-
fure of the fluid accelerates the motion of the iffuing
water, and, in an exceeding little time, brings its
velocity to a height. 'When the wind acts upon the
fails of a fhip, it accelerates her motion for fome
time, till the refiftance of the water (which increafes
with the increafing velocity of the fhip) ballances
the ation of the wind; after which her motion be-
comes uniform. In thefe, and all {fuch other in-
itances, the motion begins from nothing ; and it is
in confequence of the continual inceflant action of
the power or preflure, that the velocity, generated
in any finite time, is finite. If we were to fuppofe
that each action of the power produced a finite auga -
mentation of velocity, the motion acquired in the
leaft finite time would be infinite, or furpafs any
affignable velocity 3 as we have demonftrated elfe-

where ¥,

* See the Treatife of Fluxions, § 44. :
: | 144
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t4. Gravity 1s the beft known to us of all thofe
powers or preflures. Becaufe all bodies defcend with
equal velocity in a void, the gravity of bodies muft
be proportional to their quantity of matter; and de-
pends not upon the figure or texture of the parts,
but upon their folid matter only.  This is evident by
experiments of the motion of pendulums, made
with the greateit exattnefs. For when the lengths
of the pendulums are equal, bodies of very different
bulks, and different internal and external texture,
peiform their vibrations in times exaétly equal in
equal arcs, keeping always pace together, and ac-
quiring always equal velocities at the correfbonding
points of thofe arcs, unlels fo far as the refiltance of
the air acts upon them unequally. Inthe common
bufinefs of life, the quantity of matter of bodies has
been always meafured out by their weight ; tho’ the
influence of the air is various in its different ftares,
and renders this menfuration fomewhat unaccurate in
things of great value. Tho’ the gravity of bodies
really arifes from their gravitation towards the feveral
parts of the earth (as will appear afterwards) yet,
becaufe this power acts around in all parts, and its
direction is nearly towards the centre of the earth,
it is thercfore called a centripetal force.  We fhall,
afterwards, fhew that fimilar centripetal forees tend
to the fun and planets. Thefe forces are of three
kinds: the abfolute force is meafured by the motion
that would be produced by it in a given body, at a
given diftance. For example, the abfolute centri-
petal force tending towards the fun is to that which
tends toward the earth, as the motion which would
be produced by the force tending toward the fun in
- a given body, at a given diftance without the {un’s
body, is to the motion which would be produced by
the force tending towards the earth in an equal body,
at an equal diftance from it. As when we compare
I the
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the forces of two magnets, we muft compare their
effects at equal diftances; {fo when we compare the
abfolute forces which tend to the central bodies, the
comparifon cannot be juft unlefs it be from effects
produced when the circumitances are alike.

The fecond fort of centripetal force is the accele-
rating force, which is meafured by the velocity gene-
rated by it in a given time, and 1s different at diffe~
rent diftances from the fame central body, but de-
pends not on the quantity of matter of the body that
gravitates, being equal in all forts of bodies at equal -
diftances from the centre; The third fort is the
weight, or the vis motrix, and is meafured by the
quantity of motion that is gencrated in a heavy body
1n a given time ; and- differs from the accelerating
force in the fame manner as motion differs from
velocity.

15. Becaufe the power of gravity is fo well known
to us, when we enquire into other powers, we en-
deavour to compare them with that of gravity, and
to determine their proportion. We find a great
variety of powers analogous to it in nature; fuch as
that by which the particles of fluids form themielves
into drops ; that by which the parts of hard bodies.
cohere together; that by which the rays of light, in
¢ntering into water or glafs, or into any medium of
a greater refraltive power, are conftantly bent to-
wards the perpendicular, and when they are incident
upon the farther furface of the glafs, with a fufficient
obliquity, are all turned back into the glafs, though
there be no fenfible medium behind the glafs to re-
flect it; in the fame manner as a heavy body pro-
jected obliquely upwards is bent into a curve, and
brought back to the earth again by its gravity.,
Thefe, and many other powers in nature, have. an

A analogy
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analogy to gravity, but extend to lefs dlﬁances and
obferve laws fomewhac different. Tt has been found
very difficult to account for them mcchamta]ly For
this purpofe, forne have imagined certain cﬁwm to
proceed from bodies, or atmmfphtzres environing
them ; others have invented woriices 5 but all their
aftempts have hitherto proved Llﬂfdtlﬁfd&ﬂr}’ That
fuch powers take place in nature, *and contribute to
produce its chief phanomena, is ‘moft evident 5 but
| their caufes are very oblcure, and hardly acceffible
by us. In all the cates when bedies feem to act upon
each other at a diftance, and tend towards one ano-
ther without any apparent cauft impelling'them, this
force has been commonly called attrafion ; and this
term is frequently ufed by Sir Ifzac Newtor. But he
gives repeated cautions that he pretends not, by the
ufe of this term, to define the nature of the power;
or the manner in which it acts. Nor does he ever
affirm, or infinuate, that 2 body can a&t upon ano-
ther at a diftance, but by the interventiﬂn of other
bodies. It is of the utmoft importance in philofo-
" phy to eftablifh a few general powers in nature, upon
unqueftionable evidence, to determine their laws,
and trace their cnnﬁequen:es however obfcure the
caufes of thofe powers may be ; and chis he has don¢

1w;u:h great fuccefs.

3 16. But however commodious the term aftration
‘may be, to avoid an ufelefs and tedious circumlocu-
i’tt)n, yet becaufe it was ufed by the fchool-men to

ver their ignorance, the aﬁver!'drrf:s of Sir Ifaac
Newton’s philofophy have taken an unjuft handle
from his ufe of this term, after all his precautions,

) depreciate and even ridicule his doctrines; by
which they only convince us that they neither under-
ftand them, nor have impartially and duely conli-

ﬁcred thf:m Mr. Leibnitz made ufe of this fame
I 2 £erm,
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term, in the fame fenfe with Sir Jfaac Newton, before-
he fet up in oppofition to him ; and it is often to be
met with in the writings of the moft accurate philo-
fophers, who have ufed it without always guarding
againft the abufe of it, as he has done, A term of
art has been often employed by crafty men, with too
much fuccefs, to raife a diflike againft their oppo-
nents, and miflead the unwary, and to difguft them
from enquiring into the truth 3 but fuch difingenuity
is unworthy of philofophcrs, No writer hath ap-
peared againft Sir Ifaac Newton, of late, by whom
this argument, tho’ altogether groundlefs, is not in-
fifted on at great length; and fometimes adorned
with the embellithments of wit and humour ; but
if the reader will take the trouble to compare their
defcriptions with Sir Jfaac Newton’s own account, he
will eafily perceive how little it was minded by them 3
and that the fum of all their art and fkill amounts
to this only, that they were able to expofe a creature
of their own imagination. Poffibly fome unfkilful
men may have fancied that bodies might attract each
other by fome charm or unknown virtue, without
being impelled or acted upon by other bodies, or by
any other powers of whatever kind 3 and fome may
have imagined that a mutual tendency may be ef-
{fential to matter, tho’ this is directly contrary to the
inertia of body defcribed above; but furely Sir
Ifaac Newton has given no ground for charging
him with either of thefe opinions: he has plainly
fignified that he thought that thofe powers arofe from
the impulfes of a fubtile wtherial medium that is
diffufed over the univerfe, and penetrates the pores
of groffer bodies. It appears from his letters to
Mr. Boyle *, that this was his opinion early ; and if

* See the life of Mr. Boy/e premifed to the late complete
edition of his works. :

he



Chap. 1. Purrosornicar Discoverigs, 117

he did not publifh it fooner, it proceeded from hence
only, that he found he was not able, from experi-
ment and obfervation, to give a fatisfactory account
of this medium, and the manner of its operation,
in producing the chief ph®nomena of nature. They
who imagine that he has only introduced a new
phrafe or two into philofophy, without any real
benefit, may be eafily fatisfied of" their miftake, if
they will but confider with what evidence he has
refolved the chief phanomena of the fyftem of the
world from thofe powers; how he has computed
the quantity of matter and denfity of the fun, and
of feveral of the planets, from them ; how nearly
he has determined the motion of the nodes of the
moon, from its caufe; and explained many of her
irregularities, and the other motions of the fyftem.
But we have infifted upon this perhaps at too great
length ; for as no philofopher fcruples to fay that
the magnet atcradts iron, and that electric bodies,
when their virtue is raifed by friction, attract light
fubftances ; it muft be allowed to be at leaft as
juftifiable an expreflion, or even more unexcep-
tionable, to fay that the earth attrats heavy bodies
towards 1t; fince all of them defcend towards it
with forces proportional to their quantity of mat-
ter, at equal diftances from it 3 and this power ex-
tends to all diftances, varying according to a cer-
tain known Jaw,

I3 CEEAP,
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CHA&R AL

Of the laws of motim, and their general co- -
rollaries.

H E firlt law of motion is, * That a body

¢ always pr..rfwerﬁs in its ftate of reft, 'or
¢¢ of uniform motion in a right line, till by fnm:
¢¢ external influence it be made to change its ftate.”?
That a body, of itfclf, perfeveres in its “Ttate of reft,
15 matter of moft common and general nbfervatmn
and is what fuggefts to us the paﬂ]ve nature of body :
but that 1t likewife, of itlelf; perfeveres in its {tate
of motion, as well as of reft, is not altogether fo
obvious, and was not underftood, for fome time, by
philofophers themfelves, when they demanded the
caufe of the continuation of morion, It is eafy,
however, to {ce that this laft is as general and con-
ftant a law of nature as the firft. ﬂny motions we
produce, here on the carth, foon languilh and at
length vanith 3 whence it is a vulgar notion that, in
general, mc:-rion diminifhes and tends always toward
reft. But this i1s owing to the various refiltances
which bodies here meet with in their motion, efpe-
cially from frition, or their rubbing upon other
bodies in their progrefs, by which their motion is
chiefly confumed. For when, by any contrivance,
this friction 1s much diminifthed, we always find that
the motion continues for along time. = Thus, when
the fri¢tion of the axis is leffened by friction wheels
apphed to ity and turming rquad with it, the great
wheel will fometimes continue to revolve for half an

hour. And when a brah topp moves on a very

fmall prvot on a glafs plane, it will continue in mo-
tion very fmoot! ﬂy for a great number of minutes.

A
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A pendulum, fufpended in an advantageous manner,
will vibrate for a great while, notwithftanding the
refiftance of the air, Upon the whole, it appears,
that, if the fri€tion and other refiftances could be
taken quite away, the motions would be perpetual.

But what fets this in the cleareft light, is, that a
body placed on the deck, or in the Cdblﬁ, of a thip,
continues there at reft whlle the motion of the fhip
remains uniform and fteady ; and the {fame holds of
a body that is carried along in any [pace that has,
itfelf, an uniform motion in a right line. For if a
body in motion tended to reft, that which is in the
cabin of a fthip ought to fall back towards the ftern,
which would appear as [urprizing, when the motion
of the fhip is uniform and fteady, as if the body
fhould, of itfelf, move towards the ftern when the
fhip is at reft. It is for this reafon that the uniform
motion of the earth upon its axis has no effect on the
motion of bodies at the furface; that the motion of
a fhip carried away with a current i1s infenfible to
thofe in the thip, unlefs they have an opportunity to
difcover it by objects which they know to be Gxed,

as the fhores, and the bottom of the fa, or by attro-
nomical obfervations ; and that the motions of the
planets and comets; in the free celeftial {paces, re-
quire no new impulles to perpetuate them.

2. It is a part of the fame law, that a body never
changes the direftion of its motion, of itfelf, but by
fome external influence only; and it is as natural a
confequence of the paflive nature of body, as that
it never changes its velocity of itfelf.  As body has
no felf-motive power, or fpantaneut}’, if it was to
change its direction, how could it determine itlelf to
any one direttion rather than to another?  This
part of the law is likewile confirmed by conftant ex-

pericnce.  If upon any [mooth plane a globe of an

I 4 uniform
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uniform texture be projected, it proceeds always 1n
a right line. without turning to either fide, till its
motion be extinguithed by the fri¢tion of the plane
and refiitance ﬂt the air. It is true, that, in certain
-cafes, a ball proceeds upon a billiard table firlt in a
nbht line, and, afterwards, returns of itfelf a little
way in the fame right line; but this arifes from the
ball’s having a motion upon its axis, with a direction
contrary to that of its progreflive motion on the
table ; which, when the progreflive motion is de-
ftroyed by the frition, brings the ball back again,
till this motion is likewife deftroyed by the fame fric-
tion. When a ball i1s projeéted in the air, its gra-
vity indeed bends its motion into a curve, but it
continues to move in the plane of its firft projection
perpendicular to the: ht:-nzon without turning to
either fide of that plane ; unlefs in fome cafes, when,
becaufe of its motion upon its axis, the reaction of
the air makes it deviate fomewhat from it. 1f bo-
dies changed the direction of their motion of them-
felves, thty could not continue at reft in a fpace
that 1s carried uniformly forward in a right line; as
fhey are always found to do. As bndy, therefore,
1s paffive in receiving its motion and the direction of
its motion, fo it retains them or perfeveres in them,
without any change, tll it be ated upon by fome-
thing, external.  This law is now generally received
upon the beft evidence, but was not clearly under-
flood even fo lately as in Kepler’s time, as appears
by the account we gave of his doftrines in the firft
book. From this law it appears, why we enquire
not, in philofophy, concerning the caufe of the con-
tinuation of the reft of bodies, or of their uniform
motion 1n a iight Iine.  But if a motion begin, or
if a motion already produced is either accelerated or
retarded, or if the direction of the motion is altered,
an er*qmry into the power or caufe that produrcs
this
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this change is a proper fubjeét of philofophy: the
chief bufinefs of which (as Sir Ifaac Newton ob-
ferves ) is to difcover the powers that produce any
given motions ; or, when the powers are given, to
trace the motions that are produced by them,

3. The fecond general law of motion is ¢ that
¢¢ the change of motion is proportional to the force
¢ imprefled, and is produced in the right line in
“¢ which that force acts.” Thus when a motion is
accelerated, as that of a heavy body defcending in
the vertical line, the acceleration is proportional to
the power that ats upon the body. If a body
defcend along an inclined plane, the acceleration of
the motion along the plane is proportional not to the
total force of gravity, but to that part only which .
acts in the direction of the plane, as will better ap-
pear when we come to treat of the refolution of mo-
tion. When a fluid ats upon a body, as water or
air upon the vanes of a mill, or wind upon the fails
of a fhip, the acceleration of the motion is not pro-
portional to the whole force of thofe fluids, but to
that part only which is imprefled upon the vanes or
fails, which depends upon the excefs of the velocity
of the fluid above the velocity which the vane or fail
has already acquired : for if the velocity of the fluid
be only equal to the velocity of the vane or fail, it
juft keeps up with it, but has no effect either to ad-
vance or retard its motion,

It is, at the fame time, of the utmoft importance
to have regard to the direCtion in which the force is
impreffed, in order to determine the change of ‘mo-
tion produced by it. It would be very erroneous to
fuppofe that the acceleration of the motion of the
thip, in the diretion in which fhe fails, is propor-
tional to the force impreffed when it acts obliquely

'llp(.lﬂ



122 Sir Isaac NewTon’s = Book I,

upon the fail, or when the pofition of the fail is
oblique to the direction in which the thip moves.
The change of her motion is firft to be eftimated in

the direction of the force imprefied, and thence, by

a proper application of mechanical and geometrical
principles, the change of the motion of the fhip in
her own direction is to be derived. When gravity
or any centripetal force, acts upon a body moving
with a direction oblique to the right line drawn from
it to the center, the change of its motion is not pro-

portional to the whole centripetal torce which aéts |
upon it, but to that part only, which, after a juft |

refolution of the force, is found to aét in the direc-
tion of its motion. It appears from thefe inftances,
of how extenfive an ule thefe general laws are in
the doétrine of motien,

4. The third general law of motion is, ¢ that
<< aftion and reafiion are equal with Gppﬂﬁtﬁ direc-
¢ tions, and are to be eftimated always in the fame
¢ right line.” Body not only never changes its

ftate of icfelf, but refiits, by its inertia, againtt every

ation that produces a change in 1ts motion. When
two bodies meet, each endeavours to perfevere in its
ftate and refifts any change ; and, becaufe the change

which 1s produced in either may be equally meafured
by the action which it exerts upon the other, or by

the refiftance which it meets with from it, it follows
that the changes produced in the motions of each
are equal, but are made in contrary directions.
The one acquires no new force but what the’ other
lofes in the fame direction 3 nor does this laft lofe any
force but what the other acquires ; and, hence, tho’

by their collifions, motion paffes from the one to the

other, yet the fam of their motions, eftimated in a
given direction, 1s preferved the ﬁmﬁ and is unal-
terable by their mutu_al attions upon {sach other. In

col-

wit L



| Chap. 2. PuirosorrIcaL DiscOVERIES, 123

colle&ing this fum, motions that have contrary di-
retions are to be affected with contrary figns; a
motion caftward is contrary to a motion weftward g
fo that if the motions are fummed up as havinga

- weftern direction, a motion eaftward is to be confi-

e 5 ol Pl Py W g T

dered as negative, or to be fubducted from the reft.
In this manner, this law ferves to render the firft
taw more general, and to extend it to any number of
bodies ; for as, by the firlt law, a body perfeveres in
its ftate of reft, or of uniform reilinear motion,
till fome external influence affect it; fo it follows
from this law, ¢ that the {fum of the motions of
¢ any number of bodies, eftimated in a given di-
“ rection, perfeveres the fame in their mutual ac-
¢ tions and collifions, till fome external infuence
¢¢ difturb them.”

5. ‘The truth of this third law appears from ma-
nifold experiments, in the collifions of bodies of all
kinds. But the meaning of it feems to have been
miftaken, in feveral inftances, by ingenious men
which it is neceflary for us to guard againft. They
who maintain the new opinion concerning the forces
of bodies, mealuring them by the compounded pro-
portion of the quantity of matter and the fquare of
the velocity, found it impofiible to explain the
altions and collifions of bodies of a perfet hard-
nefs, void of all elafticity, confiftently with this
doétrine, Therefore, in order to get rid of them,
fome pretended that it is abfolutely impoffible fuch
bodies [hould exift, upon grounds the weaknels of
which was fhewn in the firt book ; while others
contented themfelves with obferving that they knew
of no fuch bodies in nature, and thought this a {uffi-
cient excule for giving no account of their collifions ;

- tho’ at the fame time they treated largely of bodies

of a perfett clafticity, none of which are to be met
B with
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with in nature ; and we have much better. reafon to
conclude that there are bodies of a perfect hardnefs,
than of a perfect elafticity ; becaufe we cannot but
fuppofe the ultimate elementary particles of bodies
that are void of all pores, or atoms, to be perfettly
hard or inflexible, fo as not to yield in the ordinary
attiops and collifions of bodies. But after all this
art in fcreening their favourite opinion, the difficulty
ftill recurred in explaining the collifions of foft bo-
dies ; and fome farther new invention was requilite
to reconcile the phaznomena with ther dodtrine.
For if a foft body, with the velocity #, ftrikes ano-
ther equal quiefcent foft body, they will proceed as
in one mafs with the velocity 5 #, dividing the mo-
tion of the firft body equally between them, in con-
fequence of the third general law of motion, Ac-
cording to the new opinion, the force of the firft
body before the ftroke was # %, the force of each of
them after the ftroke is L # X : # or 2 4% ; and the
fum of their forces after the ftroke is L #u; {o that
the fum of the forces, after the itroke, is only one
half of what it was before the ftroke, while the
quantity of motion is preferved the fame as 1t was,
without any change. Now the difficulty was, how
to account for the lofs of one half of the force of the
firft body in the ftroke: for this purpofe, they ad-
vanced, without any other proof, this new doétrine,
that when the parts of {oft bodies yield without re-
ftoring themfelves, being void of elafticity, a cer-
tain quantity of force is loft in the compreffion of
“ their parts by the collifion ; whereas we know no way
by which force is loft in one body, but by its being
communicated to another. The parts of foft bodies
are indeed moved out of their places, in the colli-
fion, and fome motion is loft in the firft body by
being communicated, in this manner, to the parts
of the fecond 3 but thefe parts cannot lofe this mo-
ton
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tion otherwife than by communicating it to other
parts, or by its accruing to the whole body ; {o that
there 1s no juft reafon for fuppofing that any motion
or force is loft in flattening or hollowing of {oft bo-
dies, in their collifions 3 and this new tenet 1s in-
vented merely to ferve a particular purpofe.

6. The moft learned and fkilful advocate for this
new doltrine appears to have greatly miftaken this
third law of motion, when he tells us that the pre-
fervation of the fum of the abfolute motions of bo-
dies, in their collifions, 1s fo immediate a confequence
of the equality of aéfion and reaffion, that to en-
deavour to prove it would only render it more ob-
{cure, the augmentation or diminution of the force
of the one (fays he) being the neceflary confequence
of the diminution or augmentation of the force of
the other. Now it is plain that this third law of
motion is general, extending to bodies of all kinds;
and 1t 1s well known that when foft bodies meet in
oppofite directions, the {fum of their abfolute mo-
tions or forces is diminifthed ; and when the bodies
are equal, and their velocities likewife equal, it is
totally deftroyed by their collifion. It is not the
fum of the abfolute motions or forces of bodies, but
this fum eftimated in a given direétion, that is pre-
ferved unaltered in their collifions, in confequence of
this third law of motion: nor can the prefervation
of the fum of the abfolute forces of any fort of bo-
dies be confidered as an immediate confequence of it.
On the contrary, the fum of the abfolute motions
of even perfeCtly elaftic bodies is fomerimes in-
creafed, and in fome cafes diminithed, by their col-
lifions ; fo that a proof was neceffary that the {um
of their abfolute forces (in whatever manner thofe
forces are meafured) is preferved unalterable, in their
collilion 3 efpecially fince this fum, according to bis

own



126 Sir Isaac Netrron’s Book ffj:'
own doftrine, undergoes an infinite variety of
changes, during the {inall time in which the bodies

act upon each other, while the parts firft yield and
then reftore themfelves to their former fitvations.

2. The fame philofophers miftake this third lawy
or a moft eflential part of it, when they meafure |
aftion and reaction on different right lines. Ina |
celebrated argument which they advance for their
new doctrine concerning the forces of bodies, and
which is much applauded by thofe who favour it,
they thew that a body with a velocity as 2, is able to'
bend and overcome the refiftance of four fprings,
one of which alone is equivalent to the force of the
fame body moving with a velocity as 1; from which
they infer that, in the former cafe, the force is qua-
druple, tho’ the velocity be only double of what it
is in the latter cafe. In like manner, becaufe a body
moving with a velocity proportional to the diagonal
of the reftangle is able to ballance the refiltance of
two {prings proportional to the fides of the fame
rectangle, they thence infer that the force of a body
moving with a velocity as the diagonal is equal to
the fum of the forces of two bodies moving with
velocities proportional to the fides of the rectangle;
and, becaufe the fquare of the diagonal is equal to
the fum of the fquares of the two fides, they thence
infer that the forces of equal bodies are as the fquares
of their velocities, But in all thefe arguments
(which are the moft plaufible of any that have been
offered for their new doftrine, and are moft apt to
miflead their readers) they do not confider that the
force which one body lofes, in acting upon another,
is not equal to that which it produces or deftroys in
the other, eftimated in any direction at pleafure, but
in that only in which the firlt body acts ; and that
body, in confequence of its mertia, not only refifts

any

)
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any change in its quantity of motion, but likewife
any chztnﬂr: in' the direction of its motion. If any
planet revolves in a circle, the gravity of it towards
the centre is employed, during the whole revolution,
in changing the direCtion of its motion only, with-
out producing the leaft augmentation or diminution
of the motion itfelf. But thefe things will more
eafily appear after we have treated of the compofi-
tion and refolution of motion : we only obferve here,
that, in order to fupport their favourite dotrine,
they embarrafs the plain, fimple and beautiful theory
of motion, in fome cafes by negleéting the time,
and in others by confounding the direétions in which
bodies act upon each other, or upon {prings; while
all the valuable cnnfequences which they pretend to
draw from this dotrine follow more naturally, and
in a fatisfattory manner only, from the laws of mo-
tion rightly underftood and applied.

8. Our author’s firft corollary, from the laws of
motion, is, that when a body is acted upon by two
forces-at the fame time, it will defcribe the diagonal,
by the motion refulting from their compofition, in
the fame time that it would defcribe the fides of the
parallelogram by thofe forces acling feparately. Lt
the body A (Fig. 2.) have a motion in the direétion
A B, reprefented by the right line 4 B, at the fame
time let another motion be communicated to it in
the diretion a p, reprefented by the right line ap;
complete the parallelogram A B ¢ b3 and the body
will proceed in the diagonal a ¢, and deferibe it in
‘the fame time that it would have defcribed the fide
A B by the firlt motion, or the fide 4 p by the fe-
cond, To underftand our author’s demonfitration
of this corollary, we muft premife this obvious prin-
ciple, that when a body 1s acted upon by a motion
or power parallel to a right line given in polition,

4 this
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this power or motion has no effect to caufe the body
to approach towards that right line or recede from
it, but to move in a line parallel to that right line
only ; as appears from the fecond law of motion,
Therefore A p being parallel to B ¢, the motion in
the dire€tion A p has no effett in promoting or re-
tarding the approach of the body a towards the line
8 ¢ ; confequently it will arrive at this line B ¢ in
the fame time as if the firft motion A B only had
been impreft upon it. In like manner, becaufe a g
is parallel to b c, the motion A B has ne effect in
promoting or retarding the approach of the body a
towards the line p c; confequently it will arrive at
the line o ¢ in the fame time as if the motion a
only had been imprefled upon it. Therefore the
body a will arrive at both the lines Bc and D ¢ in
the fame time, that, by the firft motion alone, it
would have defcribed A B, or, by the fecond alone,
it would have defcribed A p.  But it can arrive at
both the lines B ¢ and p ¢ no other way than by
coming to their interfection c : therefore, when the
two motions A2 and a p are impreft upon it at
once, it moves from A to ¢, and defcribes the dia-
gonal a ¢, in the fame time that, by thefe motions
acting feparately, it would have defcribed the fides

ABand A D,

9. Becaufe this corollary is of very extenfive ufe,
it may be worth while to illuftrate it farcher. Sup-
. pofe (Fig. 3.) the fpace e rcH to be carried uni- |
formly forward in the direction A B, and with a ve-
locity reprefented by as. Let a motion in the
direction A p, and meafured by the right line a b,
be impreft upon the body a in the fpace rrom,
To thofe who are in this {pace, the body a will ap-
pear to move in the right line A p ; but its real or
abfolute motion will be in the diagonal a ¢ of the

paral-
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parallelogram aBc p; and it will defcribe ac in
the fame time that the {pace by its uniform motion,
or any point of it, is carried over a right line equal -
to A B, or that the body a, by its motion acrofs the
fpace, defcribes ap. For it is manifeft that the line
A D, in confequence of the motion of the fpace, is
carried into the {ituation B ¢, and the point D to ¢ ;
fo that the body a really moves in the diagonal
Ac,

10. The converfe of this corollary is, that the
motion in the diagonal A ¢ may be refolved into the
motions in the fides of the parallelogram 4 & and
A ». For it is manifeft that if (Fig. 4.) a k be
taken equal to a p with an oppofite direftion, 4nd
the parallelogram a x B ¢ be compleated, the right
line a B fhall be the diagonal of this parallelogram 3

confequently, by the two laft articles, the motion
A ¢ compounded with the motion 4 x equal and op-
pofite to the motion A p, produces the motion 4 B ;
that is, if from the motion ac, in the diagonal,
you fubduét the motiod A p in one of the fides,
there will remain the motion A B in the other fide of

the parallelogram a 2 cp.

11. This doftrine will receive farther illuftration
by refolving each of the motions a B and a b into
two motions, one in the direction of the diagonal
A c and the other in the direction perpendicular to
it; that is, by refolving (Fig. 5.) the motion 4 B into
the motions a m and a~, and the motion a b into
the motions ax and a 1. For the triangles Ap x
and & c M being equal and fimilar, Dk 1s equal to
BM, or AL to aN; fothat the motions AL and aw,
being equal and oppofite, they deftroy each others
effect: and it being an obvious and general principle,

that the motion of a body in a right line is no way
K affected
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affected by any two equal powers or motions that
act in dircétions perpendicular to that line, and op-
pofite to each other, it thus appears how the body
A 18 determined to move in the diagonal A c 3 and,
becaufe a k is equal to mc, it appears how the re-
maining motions AM and a K are accumulated in
the direction ac, fo as to produce:a motion mea-
fured by a c. It appears likewife how abfolute mo-
tion is loft in the compofition of motion ; for the
parts of the motions A B and ap that are reprefented
by an and aL, being equal and oppofite, deftroy
each others effect, and the other parts A M and Ak,
only, remain in the direttion of the compounded
motion A c: while, on the contrary, in the refolu-
tion of motion, the quantity of abfolute motion is
increafed, the fum of the motions A B and ap, or
B ¢, being greater than the motion 4 ¢, But the
{fum of the motions, eftimated in a given diretion,
1s no way affeCted by the compolfition or refolution
of motion, or indeed by any altions or influences of
bodies upon each other, that are equal and mutual
and have oppolite directions.

For fuppofe that (Fig. 6.) the motions are to be
eftimated in the diretion ap; let cp, BR, DQ, be
perpendicular to this direction in the points p, r and
Q3 then the motions ac, A B, aD, reduced to the
direttion a p, are to be eftimated by ap, ar and
a q_refpectively, the parts which are perpendicular
to ap having no effect in that diretion. Let ap
meet B¢ in s; then becaufe rp is to sp, as Bc (or
AD) to cs, that is, as Aq_to sp, it follows that
AQ_1s equal to R P, and that Ar + A @ is equal to
A P; that is, that the fum of the motions a B and
a D, reduced to any given direction A p, is equal to,

the compounded motion ac reduced to the fame di-

|
F]
q

reftion, From which it is obvious, that, in gene-

ral.
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ral, when any number of motions are compounded
together, or are refolved according to this general
corollary, the fum of their motions continues inva-
riably the fame, till fome foreign influence affeéts
them.

12. The ufefulnefs of the fame corollary has in-
duced authors to invent other demonttrations for the
farther illuftration of it. We fhall only add a proof
of the fimpleft cafe, when the motions 4 8 and A D
are equal, and the angle 8 Ap is aright one; in
this cafe ABcD (Fig. 7, 8.) is a {quare, and the
diagonal ac bifeéts the angle 8 ap; and, becaufe
the powers and motions of ap and A B are equal,
and there can be no reafon why the direction of the
compounded power or motion fhould incline to one
of thefe more than to the other, it is evident that
its direction muft be in the diagonal ac; and that
the compounded power or motion i3 meafured by
ac appears in the following manner. If it is not
meafured by a c, firft ler it be meafured by any
|right line AE lefs than ac; join BD interfefting
AcCIn K, upon ac take A m greater than Ak, in
the fame proportion that ac is greater than Ak
thro’ the point M draw the right line r ¢ parallel to
BD, meeting AD in ¢ and A B in F; compleat the
parallelograms amMmc u and A mrn: then becaufe
thefe parallelograms are {quares as well as Ascp,
and ADIStO AG,as AK tO AM, thatisas AE to
Ac; and AR to AF in the fame proportion; and
becaufe AE is fuppofed to be the power or motion
compounded from a B and ap, it follows that the
yower or motion Ap may be fuppofed to be com-
ounded from the powers or motions Am and a H,
dasfrom amand an. But amand awn, act-
ng equally with oppofite direttions, deftroy each
thers effect; fo that it would follow that the re-

. K 2 maining




132 Sir Isaac NewTon’s Book 11,

maining PowWers or motions AM 4- A M (i.e. 2 A M)
which are accumulated in the direétion of the diago-
nal ac, ought to be equal to 4 & ; which is ablurd,
for am is greater than ak by the conftrution, and
2 am greater than 2ak or ac, which is fuppofed
to be greater than Ae. In like manner, it is fhewn
(Fig. 8.) that the compounded power or motion, in
the diagonal a ¢, 18 not meafured by a right line
areater than ac; and therefore it is meafured pre-
cifely by the diagonal a c itfelf.

13. The ftate of any fyftem of bodies, as to
motion or reft, is judged by that of their centre of
gravity, in the moft fimple and convenient manner.
In a regular body of a homogeneous texture, the
centre of gravity 1s the fame with the centre of mag-
nitude ; and, in general, it is that point of an heavy
body, which being fuftained the body is in confe-
quence itfelf {uftained. In two equal bodies it is in
a right line joining their centres, at equal diftances
from both: when the bodies are unequal, it is
wcarer to the greater body, in proportion as it is
oreater than the other; or its diftances from their
centres are inverfely as the bodies. Let a (Fig. 9.)
be greater than B, join a B, upon which take the
point ¢, fo that ca may be to cs, as the body B is
to the body a, or that AX ca may be equal to
B X C B, then is ¢ the centre of gravity of the bo-
dies A and B ; and we fhall afterwards fthew, that if
a and B be joined by an inflexible rod a B void of
gravity, and the point ¢ be fuftained, then the bo
dies a and 8 fhall be n wguilibrio. If the centre o
oravity of three bodies be required, firft find c th
centre of gravity of a and e, and fuppofing a bod
to be placed there equal to the fum of a and B, fin
¢ the centre of gravity of it and p ; then fhall «
be the centre of gravity of the three bodies a, B

an



Chap. 2. Prirosoruicar Discoveries. 133

and p: in like manner, the centre of gravity of any
number of bodies is determined.

14. The fum of the produéts that arife by multiply-
ing the bodies by their refpective diftances from a right
line, or plane, given in pofition, is equal to the pro-
duct of the fum of the bodies multiplied by the dif-
tance of their centre of gravity from the fame right
line or plane, when all the bodies are on the fame
fide of it: but when fome of them are on the oppo-
fite fide, their produéts when multiplied by their re-
{pective diftances from it are to be confidered as ne-
gative, or to be fubdutted. Letin (Fig. 10.) be
the right line given in pofition, c the centre of gra-
vity of the bodies a and B, A 4, B2, c ¢ perpendi-
culars to 1L in the points a, &, ¢; then if the bodies
A and B be on the fame fide of 11, we fhall find
AXAa+B xaé:a_-{:ﬂ X c¢. For drawing thro’
¢ the right line M~ parallel to 1L, meeting a2 in
M, and BJ in N, we have A tO B, as Bc to ac, by
the property of the centre of gravity ; and confe-
quently A toB, as BN 0 AM, OF AXAM=BXBN;
but Axaa+BXBb=aXCCH+AXAMFBXCC—
BXEN=AXCct+BXCcc=A-4+BXCC

- When (Fig. 11.) B is on the other fide of the
right line 1, and c on the fame fide with A, then
AXAa—BXB b=AxXCct+AXAM—BXBNI-BXCc=
a+BXcc: and when the fum of the produtts of the
bodies on one fide of 1 . multiplied by their diftances
from it, is equal to the fum of the products of the
bodies multiplied by their diftances on the other fide
of 1L, then c¢ vanifthes, or the common centre of
gravity of all the bodies falls on this right line 1 1.

15. Suppofe now the bodies a and & to proceed
in the right lines ap and Be, (Fig, 12.) and when

K 2 they
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they come to p and & their common centre of gra-
vity to be found in 6 : let nd, £ ¢, cg be perpendi-
cularsto 1L, ind,e, g3 letpm, EN, GK, parallel
to 1L, meet A 4, B &, ¢ ¢, refpeitively, in the points
M, N, K. By the laft article, xpd}BXE=A+}B
XGg ; and, fubdutting this from the equation in the
preceding article, viz. AXA a-4BXBb=AFBXCC,
then AXAM-}-B){EN:mXEK. By proceeding in
the fame manner it will appear that AXpM4-BXEN
—a+tsxck. The motions of a and B being fup-
pofed uniform, the right lines Am and B~ will in-
creafe uniformly ; {o as to become double in double
the time ; confequently ¢k will alfo increafe uni- .
formly, or in the fame proportion as the time. And
becaufe p M, E N, increafe uniformly, it follows that
¢ K alfo increafes uniformly ; and that cx is to x G
in the conftant ratio of AxXAM4-BXBN to AXDM-
BxEN. Hence it appears, that when any number
of bodies move in right lines with uniform motions,
their common centre of gravity moves likewife in a
right line with an uniform motion ; and that the {um
of their motions, eftimated in any given direction,
i precifely the fame as if all the bodies, in one mafs,
were carried on with the diretion and motion of
their common centre of gravity. Becaufe the fum
of the motions of the bodies, eftimated in any given
direttion, 1s prelerved invariably the fame in their
collifions, without being affeCted by their aétions
upon each other, that are equal and mutual and have
contrary directions ; it follows, that the ftate of their
centre of gravity is no way affected by their colli-
fions or any fuch actions; and that it perfeveres in
its flate of reft or uniform motion, in the fame man-
ner as by the firft Jaw of motion any one body per-.
feveres in its ftate, till fome external influence difturb
it.  Thele propofitions reprefent to us the theory of -

moton
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motion in a plain and beautiful light; and enable us
to judge the motions of a {yftem of bodies, with
almoft the fame facility as of thofe of one body.

16. The motions and actions of bedies upon each
other, in a fpace that is carried unifermly forward,
are the fame as if that fpace was at reft ; and any
powers or motions that act upon all the bodies, fo
as to produce equal velocities in them in the fame
or in parallel right lines, have no effect on their
mutual actions or relative motions.  Thus the mo-
tion of bodies aboard a fhip, that is carried fteadily
and uniformly forward, are performed in the fame
manner as if the thip was at reft. 'When a fleet of
fhips is carried away by an uniform current, their
relative motions are no way affected by the current,
but are the fame as if the {ea was at reft. The mo-
tion of the earth and air round its axis has no effect
on the actions of bodies and agents at its {urface, but
fo far as it is not uniform and rectilineal. In general,
the altions of bodies upon each other depend not
upon their a&/olute but relative motion ; which is the
difference of their abfolute motions when they have
the fame direction, but their fum when they are
moved in oppofite directions.

17. No principle being more univerfally allowed
than this, or more evidently eftablithed upon com-
mon experience, we deduced the following argu-
ment from it againft the new doftrine concerning
the forces of bodies in motion, in a piece that ob-
tained the prize of the royal academy of {ciences at
Paris, in 17245 which, becaufe of its plainnefs and
fimplicity, we (hall defcribe here again. Let A and
B (Fig. 13.) be two equal bodies that are feparated
from each other by fprings interpofed between them

K 4 : (or
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(or in any other equivalent manner) in a fpace
E F G H, which in the mean time proceeds uniformly
in the dire¢tion B A (in which line the {prings act)
with a velocity as 13 and fuppofe that the {prings
imprefs on the equal bodies 4 and B equal veloci-
ties, in oppofite directions, that are each as 1.
Then the abfolute velocity of a (which was as 1)
will be now as 2 ; and according to the new doétrine
its force as 4: whereas the abfolute velocity and the
force of & (which was as 1) will be now deftroyed ;
{o that the altion of the fprings adds to a a force as
2, and fubdu&ts from the equal body B a force as
1 only ; and yet it feems manifeft, that the aétions
of the {prings, on thefe equal bodies, ought to be
equal; (and Mr. Bernovilii exprefsly owns them to
be fo) : that s, equal actions of the fame {prings
upon equal bodies would produce very unequal ef-
felts, the one being triple of the other according to
the new doctrine ; than which hardly any thing more
abfurd can be advanced in philofophy or mechanics.
In general, if m reprefent the velocity of the fpace
EFGH in the direftion B 4, # the velocity added to
that of o and {ubducted from that of &, by the ac-
tion of the {prings, then the abfolute velocities of
A and B will be reprefented by m+4#» and m—n re.
ipectively, the force added to a by the fprings will
be 2 mn+nn, and the force taken from B will be
2 mun—nn, which differ by 2 2z, Farther, it' is
allowed that the aétions of bodies upon one another
are the fame in a fpace that proceeds with an uni-
form motion as if the fpace was at reft; but if the
fpace £ FG 1 was at reft, it is allowed that the forces
communicated by the fprings to o and 8 had been
equal ; and, according to the new doétrine, the force
of each had been reprefented by ##; whereas the
force communicated to a by the {prings in the fpace
5 F G 1 is reprefented by 2 n4-nms, and the force

taken
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| taken from B will be 2 m »—nn. Thefe arguments

are fimple and obvious, and feem, on that account,
to be the more proper in treating of this queftion,
They who maintain the new doltrine may define
force in fuch a manner, as to make the difpute ap-
pear to relate merely to words; but, as the terms
aftion and force feem to be very nearly allied to each
other, 1t furely tends to confound our notions and
language, to maintain that equal ations generate or
produce unequal forces in the fame time. But what
evidently thews that the authors on the fide of this
new opinion did not underftand what they taught,
1s, their telling us, that the quantity of abfolute
force 15 unalterable by the collifions of bodies, and
that this follows fo evidently from the equality of
attion and realtion, that to endeavour to demonftrate
it would only render it more obfcure, Ior hence
it appears, that they underftood equal changes to be
produced in the forces of bodies in confequence of
the equality of aétion and reaftion; and yet it is
evident from what we have thewn, that the changes
produced in the forces of bodies muft be very un-
equal, according to this new dottrine, tho’ the ac-
tion and reallion by which they are produced be
equal. It feems to have been by a miftake, that
Mr. Leibnitz firft found himfelf engaged to main-
tain this new doftrine, 1n 16865 and 1n like man-
ner, fome of his difciples feem to have rafhly

adopted the fame, without having attended to the
confequences.

18. In the theory of motion, rightly underftood,
the fame laws that {erve for comparing, compound-
ing, or refolving motions, are obferved likewile by
prefiures 5 that is, the powers that generate motion,
or tend to produce it: for forces are nothing elfe

but the fums of fuch preffures accumulated in the
body,
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body, in confequence of the continued action of the
powers for a finite time ; and preflures are confis
dered as infinitely fmall forces, or as the elements
from which the forces are produced : and it adds no
fmall beauty and evidence to this theory of motion,
that both obferve the fame laws. When a force 1s
generated in any body, by the accumulation of
other forces or impulles, that which is generated, in
any -direction, muft be equal to the fum of thofe
which are all employed and confumed, in that di-
reftion, in producing its and if the force is pro-
duced by a continual fucceffive action, the motion
generated muft be equal to the fum of the preffures
that are exerted in producing it. In like manner, if
motion is deftroyed by the refiftance of any oppofite
power, it muft be equal to the fum of all the actions
by which it is totally deftroyed. On the other hand,
the intenfity of the power that generates motion in
any body, 15 proportional to the augment of force
which it generates in a given time, and the inten-
fity of the power that refifts or deftroys motion, is
meafured by the decrement of force produced in a
oiven time s fince the augment in the firft cafe, and |
decrement of motion in- the fecond cafe, are the |
adequate effects of the power ; which is fuppofed to
be of fuch a nature as to be renewed every moment,
and exert all its influence at once, In general, the
intenfity of any’ power that generates or deftroys
motion is the greater, In prupurtmn as the change of
velocity produced by it in the direction of that power
is greater, and the lefs the time is in which that
change is produced, if the intenfity of the power
continues uniform during that time: but if the
power varies, its intenfity, at any given term of the
time, is to be meafured by the change of velocity
which would have been produced, in a gwcn time,
by the power continued uniformly for that time,

i 1 19,
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19. The preflure or power that generates motion
in a body is in the compounded ratio of the quan-
tity of matter in the body, and of the velocity which
it would generate in it in a given time, if it was con-
tinued uniform for that time; and thofe preffures
are equal in any two bodies, when their quantities of
matter are reciprocally as thofe velocities, that is,
when the intenfity of the power that aéts upon the
greater body a, is lefs than the intenfity of thae
which acts upon the lefler body B, in the fame pro-
portion as B is lefs than A. If two bodies that are
acted upon by fuch powers, with oppofite directions,
be in contatt, neither of the powers” will prevail,
and no motion will be produced. In the fame man-
ner, if two bodies, moving with velocities inverfely
proportional to their quantities of matter, meet with
oppofite directions, their motions will deftroy each
other, if they are foft bodies; or if they are fo per-
fectly hard as that their parts are quite inflexible,
they will both ftop after the ftroke: but if they have
any elafticity, they will be reflected after the ftroke
with equal motions. Thus there is a perfeét har-
mony between the laws of preffures, or powers, and
the laws of motions or forces produced by thofe
powers ; as, in general, there muft be an analogy
between the powers that generate or produce any
effect, and the effetts themfelves which are gene-
rated. But this harmony is quite loft, as to the
forces of bodies, accordipg to the new opinion con-
cerning their menfuration; for, according to this
opinion, when the velocity is finite, how fmall fo-
ever it may be, the force is meafured by the fquare
of the velocity ; but when the velocity is infinitely
little (as it is, according to the favourers of the
new opinion) in confequence of the firft impulfe of
the power that generates the motion, the force is
. fimply
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fimply as the velocity ; and we cannot but obferve,
that this fudden change of the law does not appear
to be confiftent with the favourite principle of conti-
nuity, fo zealoufly maintained by the fame philofo-
phers. According to the fame opinion, forces that
fuftain each other, with oppolite direétions, and de-
ftroy each others effect, may be unequal in any given
ratio ; and when bodies meet with equal forces in
oppofite directions, they do not therefore fuftain
each other, but that which has the greater velocity
carries it againft the other. Let v denote the velo-
city of A, and v the velocity of B ; then a x v will
denote the motion or force of A, and B X v the mo-
tion or force of B; fo that thefe motions are equal
when 4 X v=8 X v, that is, when vistowv, as B is
to A: and this is the cafe wherein conftant expe-
rience teaches us that the motions fuftain each other,
provided their directions be oppofite.  But, accord-
ing to the new opinion, the force of a is meafured
by A xvv, and the force of B by 8 xvwv, which
are to each other in the fame proportion as v to v,
in the prefent cafe, becaufe we fuppofe A X v=5 x ».
Thefe forces, therefore, according to the new opi-
nion, are fo far from being equal, that the force of
A is lefs than the force of B, in proportion as v is
lefs than v, or B lefs than A ; fo thar, according to
this dottrine, a force might fuftain, or even over-
come, a force 1000 times greater than itfelf, or
greater than itfclf in any affignable proportion.  Ac-
cording to the fame dottrine, the forces of a and
p are equal, when A X vv=BX v, that is, for ex-
ample, when a being quadruple of B, the velocity
of B 1s double of the velocity of a ; in which cafe
the quantity of motion, or momentum, of a is double
of that of g3 and the motion of a appears, from
experience, to be more than {ufficient to fuftain the
motion of 3. It has coft the favourers of the new

opinion
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opinion a great deal of pains to compofe their ac-
counts, by which they endeavoured to reconcile their
theory with experience ; and how unfatisfactory
their accounts have proved, will ealily appear to the
reader who will take the trouble to examine them.

20. Let the bodies A and B (Fig. 14.) by moving
towards each other, comprefs equal and f{imilar
{prings placed between them, till by the reation of
thofe {prings their motions be deftroyed. Mr. Ber-
novilli exprefsly owns, that the actions of the fprings
on thofe bodies are conitantly equal to each other,
and yet maintains that they deftroy a force in B
greater than the force of a, in the fame proportion
as the body 4 is greater than B, or (¢ being the cen-
tre of gravity of A and B) as c B 1s greater than c a.
He therefore maintains, that equal preflures or ac-
tions of {prings generate, in the fame time, forces
that may be unequal in any aflignable ratio; which
1s repugnant to the plaineft notions we are able to
form of action and force, and ferves only to intro-
duce myfterious and obfcure conceptions into the
theory of motion, without any necefficy. If we
fuppofe the body a to comprefs the fprings from a
to c, then the body 8 will comprefs all the {prings
from B to c, in the fame degree, and in the fame
time ; and thence he infers, that the force of a 1s to
the force of B, in the fame proportion as the number
~of {prings from c to 4, to the number of {prings
from c to B. But fince the motion, force, or effet
of any kind, produced or deftroyed in a or B, de-
pends upon the immediate action which produces the
effect, and upon it only 3 and fince, in this cafe, the
actions of the fprings upon the bodies a and B are
thofe which deftroy their motions; and fince it is
allowed by him that the actions of the {prings upon
thefe bodies are equal, is it not -evident that the

forces
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forces deftroyed by them in the fame time muft be
equal ? And is it not manifeft, that the forces which
are produced or deftroyed in bodies, are to be mea-
fured by the efforts which the fprings exert upon the
bodies in producing this effect, and not by the num-
ber of fprings? It is the laft {pring only, which is
in contact with the body, that acts upon it, the reft
ferving only for fuftaining it in its action; fo that
any change produced in the body, by whatever name
it be called, ought to be determined from the aétion
of this laft fpring only, and in juft reafoning ought
to be computed from it alone. Had he defined
force by the number of equal and fimilar [prings,
that, by a given degree of expanfion or compreflion,
produce or deftroy it, juft exceptions might have
been made againft the propriety and convenience of
fuch new and unneceffary expreflions, as tending to
perplex and darken this moft ufeful theory of mo-
tion, which was before very clear and evident: but
then this controverfy would have appeared to relate
chiefly to words and terms of art, and there would
not have been fo much danger of miftakes arifing
from their doctrines. But he does not give this for
the definition of force, '

21. When a body defcends by its gravity, the
motion generated may be confidered as the fum of
the uniform and continual impulfes accumulated in
the body, during the time of its falling. And
when a body is proje&ted perpendicularly upwards,
its motion may be confidered as equivalent to the
fum of the impulfes of the fame power till they ex-
tinguith it.  'When the body is projetted upwards
with a double velocity, thefe uniform impulfes muft
be continued for a double time, to be able to deftroy
the motion of the body; and hence it arifes, that
the body, by fetting out with a double velocity, and

afcend-
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afcending for a double time, muft arife to a qua-
druple height, before its motion is exhaufted. Bue
this proves that a body with a double velocity moves
with a double force, fince it 1s produced or deftroyed
by the fame uniform power continued for a double
time, and not with a quadruple force, tho’ it arife
to a quadruple height. This, however, was the
argument upon whiich Mr, Leibnitz firft built this
docrine ; and thofe which have been fince derived
from the indentings or hollows produced in foft bo-
dies by others falling into them, are much of the
fame kind and force. Caufes are not to be mea-
fured by any effects produced by them, taken with-
out any choice, or judgment, or regard to their
circumftances. Motions and forces are not to be
meafured by the effets produced, without regard to
the times and directions of the motions, according
to the principles of geometry and mechanics. In
geometry, we judge of wholes by comparing their
parts, or the elements from which they are gene-
rated ; and, in mechanics, we can have no better
method of judging of motions, or forces, than from
the powers that produce them. The motion, or
force, of a body has a much more {imple and plain
analogy to the power that produces it, than to the
fpace defcribed by it in foft clay or any other refift-
ing medium.

- 22. The principle, ¢¢ that the caule is to be mea-
¢ fured by its effect,” is one of thofe that will be
very apt to lead us into error, both in metaphyfics
and natural philofophy, if applied in a vague -and
indiftin&t manner, without fufficient precautions.
Force is defined to be that power of ating in a
‘body which muft be meafured by its whole effect till
its motion be deftroyed, by thofe who favour the
new opinion, or fome of them at leaft, and by i"r::-rlnf:

who
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who would reprefent this difpute as merely about
words. But the fame authors tell us likewife, that
force is proportional to the number of fprings which
it can bend before it be deftroyed; and this they
propofe, without any proof, as a definition or axiom.
Did they content themfelves with the latter of thefe
only, we fhould allow the difpute to be of very lit-
tle moment, farther than as fuch liberties tend to
confound our notions of the action and motion of
bodies, as we obferved above. But while they pre-
tend that force, defined by them at their pleafure,
is to be confidered as the caufe of the effects pro- |
duced by motion, and is to be meafured by thofe
effeéts, the difpute appears no longer to be about |
words only.  Sir Ifaec Newton, in his fecond law of
motion, points out to us that the imprefled force |
being confidered as the caufe, the change of motion |
produced by it is the effect that mealures the caufe; |
and not the fpace defcribed by it againft the action |
of an uniform gravity, nor the hollows produced by
the body falling into clay. This law of motion is
the fureft guide we can follow, in determining effeéts
from their caufes, or converfely the caufes from their

cffelts.

23. The harmony between the laws of preflures,
or powers, that generate motion, and the laws of
thefc motions themlelves, appears in a fuller light
when we attend to their compofition and refolution,
Powers alting in the directions A B and ap, (Fig. 4.)
proportional to thofe right lines, compound a power
that acts in the direction of the diagonal a ¢, and is
meafured by A c. Becaufe ac is lefs than & B4-4 D,
the power compounded from a B and AD is always
lefs than thofe powers themfelves; and this 1s fully
accounted for by refolving the power A B into a M
and an, (Fig. 5.) and the power AD into Ak and
| Al

4
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AL ; of which Anx and aL are oppofite and equal
.and deftroy each others effect, fo that there remains
AM-4AK, or ac, the meafure of the compounded
power. The favourers of the new opinion agree
with us in arguing in this manner, concerning
powers and preflures ; but in a manner quite incon-
fiftent with this, in the compofition and refolution
of forces. When the angle B 4 p is right, the com-
pounded force is equal to the fum of the forces a B
and A p, according to them ; and no force is loft,
notwithftanding the oppofite directions of the forces
AL and Ax; tho’it is not ealy to conceive how this
fhould not have an effe¢t in the compofition of
forces, as well as of powers and prefflures, When
the angle B A p (Fig. 15.) is acute, the iquare of the
diagonal ac exceeding the fum of the fquares of a p
and pc, (Euclid, 12. 2.) or of Ap and 4 B, the two
forces in the diretions aAp and a B muft, according
to the new dotrine, compound a force ac greater
than their fum. Now this appears direétly contra-
dictory to the metaphyfical principle fo much infifted
on by them, that the effet is proportional to the
caufe which produces it ; for, in this cafe, the effeét
is greater than the caufe ; and this feems to be as ab-
furd, in mechanics, as that two quantities collected
together fhould produce a greater quantity than their
fum, in geometry. When this was objeQed, the
aniwer * given to it deferves to be copied, fora {pe-
cimen of their way of getting over difficulties : it is
no more but that ¢ no ablurdity follows from the
* new opinion, which by meafuring forces, not by
¢ momenta, but, by the {quare of the velocities,
¢ concludes that on account of the angle pa B its
¢ being acute, the {quare of ac (which is the force

) * See Defugulier’s courle of experimental philofophy, vol. 2.
in the note ai the botiom of page 72.

L ¢ come
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¢« compounded) is greater than the fquares of am
“ and ap, the fum of what they call the com-
¢ pounding forces.”

24. To illuftrate this farther, fuppofe that the

elaftic body a (Fig. 16.) receives its force, in the
direGtion a B, from the equal elaftic body 1, and its
force, in the direction A D, from the equal elaftic
body G, at the fame time. According to the patrons
of the new doftrine, the forces of # and ¢ are com-
municated to a by infinitely fmall degrees, or by an
uninterrupted fucceflion of prefiures, -and the whole
force communicated to 4 is the fum of the effeéts of
thefe preflures. Now in every inftant the prefiure,
or infinitely fmall force imprefled on a, is lefs than
the fum of the preflures exerted in that inftant
by 1 and ¢, in proportion as ac is lefs than A84-a D,
as is allowed on all ides. Therefore the fum of all
the preflures, or the force imprefs’d on a, muft be
lefs than the fum of all the preflures, or the fum of
the forces exerted by u and ¢, in the fame propor-
tion of ac to AB4-aD; thatis, the forces of A, H,
and ¢, muft be as the lines ac, AB and ap, and not
as their {quares. It is not poffible to conceive that
while the force in a arifes from the accumulation of
the preffures, or infinitely fmall forces, which it re-
cetves every moment from the actions of H and g,
and each of thefe preflures, or infinitely fmall forces,
is lefs than the fum of the aétions of 0 and ¢ that
produce them ; yet the whole force of a thould ne-
verthelefs exceed the fum of the whole afions or
forces of m and . I fpeak here of infinitely fmall
forces, to comply as much as poffible with the ftile
of the favourers of this new opinion. To * this
they gave no other anfwer than that what we call

* Ibid. p. 73, in the laft note.
o forces

I
|
I
I
|




Chap, 2. Purrosopsicar Discoviries. 147

forces here ought to be called momenta.  But they
pretend not to explain how the infinitely fmall forces
imprefiecd upon A, in the direction ac, come to

roduce a finite force far greater than their fum total;
or how the effect fhould be fo far from correfpond-
ing to the caufe; the metaphylical principle which
they feem to ufe, or reject, juft.as ic ferves their turn.
If we fuppole the angle B a p to be infinitely acute,
the fame forces (according to the new opinion gene-
rate a force in A which exceeds their fum as much as
the fquare of a B+ © exceeds the fum of the {quares
of AB and Ap; fo that if A D be equal to 4 B, they
will in that cafe generate at a a force double of their
fum, for then the fquare of aB4-a p will be cqual
to the fquare of 2 aB, thatisto 4 a8 *; tho’ the
two equal forces which are fuppofed to produce this,
itaken together, amount only to 2 a B *, according to
their own computation ; fo that, in this cale, a caufe
produces an effect of the fame kind double of itfelf.
‘To this it has been 1 anfwered, that, according to
the new opinion, a double momentum may produce a
quadruple effect, if the velocity is double. Burt
{urely the author who gave this anfwer did not attend
to the objection; for what we have proved, is not
‘that a double momentum produces a quadraple effect,
‘but that a double force, according to their own no-
‘tion and computation, produces a quadruple force,
according to the fame notion and camputntimn.
And indeed the fum of the anfwers they have made
to the abfurdities which have been deduced from
their favourite opinion amounts to this, viz. that
they are no abfurdities becaufe their new opinion
obliges them to admit them,

H

' + Ibid, p. 74, in the notes.
' L2 254



148 Sir Isaac Nxwron’s Book 1I.

25. The refolution of powers, or preflures, is 2
neceflary confequence of their compofition.  As mo-
tion is loft in the compofition, fo it is neceffarily
gained in the refolution of motion; and as this s
allowed of motions, and of the powers that generate
motion, there can be no good reafon given why it
ought not to be allowed of the effeéts of thofe
powers, or of the force of bodies. The fame rea-
fons that argue for an increafe in the one cafe, prove,
with the fame evidence, that an increafe of the other
ought likewife to be allowed. Let the body ¢
(Fig. 17.) moving in the direction pc, the diagonal
of the parallelogram c Lk, ftrike the equal body |
a obliquely, fo as to impell it in the direction ca
the continvation of ¢k, and at the fame time the
equal body B, in the diredtion c B the continuation
of cL; the body a will proceed in the right line ca, |
and the body B will proceed in the diretion c 8 the
continuation of cL, and ¢ having communicated all
its force to them will ftop. It will not appear ftrange
that the motions and forces of A and B exceed the
motion or force of ¢, if we confider that ¢ commu-
nicates the whole motion or force ck to a, and the
whole motion or force cL to B, that the refiftance
or inertia of a reacting upon ¢, not in the direction
of its motion cp, but in the direction ¢k oblique
to it, the abiolute motion or force of ¢, in the direc-
tion pc, is not fo much diminithed by this reaction
as if it was directly oppofite to the motion of ¢ 3 for
no power, or refiftance, can produce fo great an
effet in any diretion as in that wherein it aéts.  In
like manner the reaction of  deftroys the moti
or force Lc in the body ¢, in the direftion in which
8 reacls; but not fo great a motion or force in th
dire€tion pc to which it is oblique 3 and thus it aj
pears, that the motion or force of e, in the direction

2 D'E;
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pe, muit neceffarily be lefs than the fum of the mo-
tions or forces of the bodies 4 and B in their refpec-
tive directions, If it be objefted, that, in this cale,
the motion of ¢, in the dire€tion pe, is the caufe of
the motions of A and B, in the direftions ca and
cB; fo that a caufe produces effects whofe fum is
greater thanitfelf ; in anfwer to this, we have already
obferved, that as this i1s allowed on all hands of mo-
tions and preflures, it cannot be abfurd to extend it
to forces, but muft obtain in them for the fame rea-
fons, Buat farther, we are to obferve, that, in con-
fequence of the fmertia of body, it not cnly refifts
any change of its motion, but likewife any change
in the dlrc&mn of its motion ;5 and that when the
action of bodies upon each other is not in a right
line, both thefe are to be taken into the account.
Suppofe the body c firft to ftrike upon a, then the
reattion of A has a twofold effeét 5 1t fubduéts fome-
what from the motion or force of ¢, and at the fame
time it produces a change in the diretion of ¢ ; and
the reaction of a (to which the motion or force pro-
duced in it is equal) is not to be eftimated by one of
thofe cffcéts only, but by both conjointly. After
the body c has [’crucl{ A, it proceeds in the right line
cp with a motion or force as cr, and, impinging
upon B directly, it communicates its whole motion
or force to B which reacts direftly againft it. We
.have fuppofed the bodies ¢, 4, and s to be perfectly
elattic, in conformity to the fuppoﬁtmns of our op-
ponents, fome of whom confine themfelves in their
enquiries to thefe only.

26, If we fubftitute fprings in place of the bodies

a and B, and their refiltances be meafured by ck
and c L, it will appear, in the fame manner, that
the refiftances of thofe {prings are not the proper
meafures of the force of the body ¢, but that raken”
L3 toge-
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together they muft exceed it 3 for the fpring a adts
at a difadvantage againft the motion or force of c.
It has its whole effect in the diretion ¢k in which 1t
refifis; but not fo great an effet in the direttion
cp, which is oblique to that in which it aéts. If
the fpring Ao acted with the fame advantage as B,
they would together produce a greater effet than in
the {itvation they have in the figure ; and therefore
the greatelt refiftances which they are able to exert
taken together, muft exceed the force of the body
c. Thus it appears that this argument, inftead of
overthrowing our doétrine, confirms it, and that
they who advanced it fuppofed thofe forces to be
equal, which, according to the known principles of
mechanics, are unequal. 1f i1t 15 afked what be-
comes of the excefs of the force of the fpring a,
above what is fubduted from the force of ¢? It may
be anfwered, that it is not without its effe€t: for the
direction of the body is chinged from the line pc
into the right line c8; and no principle, either in
metaphyfics or mechanics, teaches us that this effect
1s to be neglected, in comparing the caufe and effects
together on this occafion. On the contrary, many
inftances might be given where a force is employed
in producing a change in the direétion of a motion
of a body only, without e¢ither accelerating or re-
tarding it. 'The force that is fufficient to carry a
body upwards in the perpendicular to the horizon,
to a double diftance from the centre of the earth,’
1s equal to that which, imprefled in a horizontal di-
rection, would carry it in a circle about the earth
for ever, abftralting from the refifiance of the airy |
as appears from the theory of gravity: and yet the |
firit would overcome the refiftunce arifing from the |
gravity of the body for a certain time only ; whereas
the other would overcome that refiftance for ever,
‘without any diminution of motion. In the firt

cafe,
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cafe, the gravity of the body would act direttly
againtt its force ; in the {econd, it would act in a line
perpendicular to the direction of its motion : in the
firft cafe, the action of gravity is entirely employed
in confuming the force of the body ; in the other,
in changing its dire¢tion only. The arguments
drawn in favour of the new opinion from the refo-
lution of motion, feem, at firlt fight, che moft plau-
fible of any that have been offered for it ; but, from
the confiderations which we have fuggefted, it may
appear to an impartial reader, that inftead of over-
throwing the common doctrine, they rather confirm
it. As, inother inftances, Mr. Leibnit2’s followers
negle@ the confideration of time, in reafoning con-
cerning the forces of bodies; fo here we find that
they have not due regard to the direttions of mo-
tions and forces, in eftimating and comparing their
effe¢ts ; which, however, in mcchanical enquiries,
are of no lefs importance than the motions or forces

themielves.

27. We have infifted on thefe obfervations, be-
caufe they fet the theory of motion in a plain and
jult light. We often obtain this advantage from
difputes concerning the elementary propofitions of
any fcience, that they are the more carefully en-
quired into, and when found juft, are illuftrated and
the better underftood for having been difputed.
We cannot, however, leave this fubject without
mentioning an experiment, made by the ingenious
and accurate Mr, Grabam, to whom the mechanical
{ciences are fo much indebted. e prepared a pen-
dulous body with a cavity in 1t capable to receive
another body of an equal weight, at the loweft point
cof its vibration ; and when the body was drop’d into
it, he found, by the fubfequent vibration, that the
wvelocity of the double mafs was precifely one half of
i Y what
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what the velocity of the pendulum was before 3 from
which it appears, that the fame force produces in
a double quantity of matter one half of the velocity
only ; which is agreeable to the common doétrine,
but diretly repugnant to the new one, concerning
the forces of bodies in motion, Many ingenious
picces have been writ againft this new doétrine by
learned men, to which we refer the reader who de-
fires to fee more on the fubjeét ¥, It is pretended,
that by this new doltrine we are enabled to refolve
problems in an eafy manner, which are otherwife of
great difficulty ; but by the rejecting hard and in-
flexible bodies, there is more loft than gained in this
refpect, as we have fhewn elfewhere, and as will
appear afterwards, when we come to determine more
particularly the effeCts of the collifions of bodies.

28, It 1s becaufe affion and reaffion are always
equal, that the mutual actions of bodies upon one
another have no effect upon the motion of the com-
mon centre of gravity of the {yftem to which they
appertain.  If there was any affion in the fyltem
that had not a contrary and equal reafion always
correfponding to it, it would affect the ftate of the
centre of gravity of the fyftem, and difturb its mo-
tion: and, converfely, if 1t be allowed that the ftate
of the centre of gravity of af{yftem is not difturbed
by the attions of bodies upon one another that are
its parts, we may conclude that their altions are
mutual, equal, and have contrary diretions. It
will therefore be found agreeable to the courfe of
things, and to perpetual experience, that the third
law of motion be extended generally to all forts of

*® As a piece of Mr, de Mairan, in the memoires de 1’aca-

demie royale des fciences 1728, Several pieces of Dr. Furin,
philofophical tranfations, (e,

powers
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powers that také place in nature, thofe of astraciion
and repulfion as well as others, (and not to be a fup-

fition arbitrarily introduced by Sir Ifaac Newton ;)
when thofe powers are found to depend upon the
bodies that are faid to attrail or repell, as well as
upon thofe that are atfrafled or repelied. We find
the loadftone attraéts iron, and that iron attraéts the
loadftone with equal force ; and becaufe they attraét
each other equally, they remain at reft when they
come into contatt. If a mountain by its gravity
prefled upon the earth, and the earth did not react
equally on the mountain; then the mountain would
neceflarily carry the earth before it, by its preflure,
 with a motion accelerated 7/» mﬁmmm The fame 1s
to be faid of a ftone, or the leaft part of the earth,
as well as of a mountain, Bodies act upon light in
proportion to their denfity, ceteris paribus, by re-
fracting it when it enters into them ; and converfely,
light acts upon bodies by heating them and putting
their parts in mortion. This equality of aéfizon and
reaflion obtains {o generally, that when any new
motion is produced by any power or agent in na-
ture, there is always a correfponding cqual and op-
pofite motion produced by its #eaflion at the fame
time, or fome equal motion in the fame direction
deftroyed. When' from an engine a weight is
thrown, the engine reacts with an equal force on the
earth or air. If it was not for this law, the ftate
of the centre of gravity of the earth would be af-
fected by every action or impulfe of every power
or agent upon it But by viwtue of this law, the
ftate of the centre of gravity of the earth, and the
general courfe of things, is preferved, mdept'ndent
of any motions that can be produced at or near 1ts
furface, or within its bowels. By the fame law,

Ihe ftate of the lefler fyftems of the planets, a:;jd
the
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the repofe of the gencral fyftem, is preferved, with-
out any difturbance from the actions of whatever
agents there may be in them. We muft therefore
allow, that in the autraéling and repelling powers
which obtain in nature, from whatever fort of caufe
they may arife, aifion ana reatlion are always equal ;
and fince this law obtains in all forts of motions that
arife from impulfe, we may be the more furpriz-d if
we fhould find the philofophers that explain thofe
powers from impulfe cail it in quefiion. Even in
the motions produced by voluntary and intelligent
agents, we find the fame law take place ; for tho’
ti.e principle of motion, in them, be above mecha-
nifm, yet the inftruments which they are obliged to
employ in their actions are fo far fubjeét to it as this
law requires. When a perfon throws a ftone, for
example, in the air, he at the fame time reacts upon
the earth with an cqual force ; by which means the
centre of gravity of the earth and ftone perfeveres
in the fame ftate as before. And the neceffity of
this law, tfor preferving the regularity and unifor-
mity of nature, well deferved the attention of thofe
who have wrote fo fully and ufefully of final caufes,
if they had attended to it,

CaH A B HL
Of the mechanical powers.

I HE knowledge of mechanics is one of

thofe things that contribute moft to diftin-
guith civilized nations from barbarians : the works of
art derive their chief beauty and value from it; and
without it we can make very little, progrefs in the
knowledge of the works of nature. It is by this

fcience that the utmoft improvement is made of
every
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every power and force in nature, and the motions
of the elements, water, air, and fire, are made fub-
fervient to the purpofes of life, when induftry, with
materials for the neceffary inftruments, are not want-
ing. However weak the force of man appears to
be, when unaffifted by this art, yet with its aid, there
is hardly any thing above his reach. It is a {cience
that admits of the {tricteft evidence; and certainly
it is worth while to eftablifh it on its juft principles,
and to cultivate it with the greateft diligence.

It is diftinguithed by Sir Ifaac Newton into praiii-
cal and rational mechanics 3 the former treats of the
. mechanical powers, viz. the /lever, the axis and
wheel, the pulley, the wedge, and the ferew, to which
the 7nclined plane is to be added ; and of their vari-
ous combinations together.  Rational mechanics
comprehends the whole theory of motion ; and thews,
when the powers or forces are given, how to deter-
mine the motions that are produced by them; and,
converlely, when the phaznomena of the motions
are given, how to trace the powers or forces from
which they arife. Thus it appears that the whole
of natural philofophy, befides the defcribing the
phenomena of nature, is little more than the pro-
per application of rational mechanics to thofe pha-
nomena ; in tracing the powers that operate in na-
ture from the ph@®nomena, we proceed by analyfis
and in deducing the phanomena from the powers or
caufes that produce them, we proceed by fynthefis,
But in either cafe, in order to proceed with certain-
ty, and make the greateft advances, it 'is neceflary
that the principles of this art thould be premifed and
clearly eftablithed, being the grounds of our whole
work. We have already confidered the #nertia or
paflive nature of body, according to which it perfe-
veres in its ftate of motion or reft, receives motion
in
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in proportion to the force impreft, and refifts as
much as it is refitted ; which is the fum of the three
general laws of motion: from which, and their ge-
neral corollaries, demonftrated in the laft chapter,
we are now to deduce the principles of mechanics.
As thefe laws and their corollaries take place, tho’
the caufes of the motions, the nature of the impreft
force, or of the refiftance, be unknown or obfcurely
underftood ; fo the obfcurity of the nature and caulfe
of the power that produces the motions, does not
hinder us from tracing its effefts in mechanics with
{ufficient evidence, provided we can fubject its ation
to a juft menfuration: and, in fa&t, we know that
excellent contrivances have been invented for raifing
weights, and overcoming their refiftances, by fuch
as gave themfelves no trouble to enquire into the
caufe of gravity.

2. In treating of the mechanical engines, we al-
ways confider a weight that 1s to be raifed, the power
by which it is to be raifed, and the Znfirument or en-
gine by which this effect is to be produced. There
are two principal problems that ought to be refolved
in treating of each of them. The firft is, ¢ to de-
« termine the proportion which the power and
¢« weight ought to have to each other, that they
““ may juit fuftain one another, or be in «quili-
“ prio.”> The fecond is, ¢¢ to determine what
¢ ought to be the proportion of the power and
« weight to each othef, in a given engine, that it
“ may produce the greateft effect poffible, in a given
¢ time.”’ All the writers on mechanics treat of the
firlt of thefe problems, but few have confidered the
fecond ; tho’ in practice it be equally ufeful as the
other. As to the firft, there is a general uniform
rule that holds in all the powers, is founded on the .
laws of motion, and is another inftance of the

beauty

"

Lal
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beauty and harmony that refults from the fimplicity
of the theory of motion defcribed in the laft chap-
ter. Suppofe the engine to move, and reduce the
velocities of the power and weight to their refpec-
tive diretions in which they act ; find the propor-
tion of thofe velocities ; then if the power be to the
weight, as the velocity of the weight is to the velo-
city of the power, or, (which amouats to the fame
thing) if the power multiplied by its velocity give
the fame product as the weight multiplied by its ve-
locity, this is the cafe wherein the power and weight
fuftain each other and are in #quilibrio : fo that in this
cafe, the one would not prevail over the other, if
the engine was at reft ; and, if it is in motion, it
would continue to proceed uniformly, if it was not
for the friction of its parts, and other refiftances.
This principle has a plain analogy to that by which
the equality of the motions, or forces, of bodies
was determined in general, in chap. 2. § 19. For,
as the motion of bodies are equal, and deftroy each
others effect, if their directions are contrary, when
the firt is to the fecond, as the velocity of the fe-
cond is to the velocity of the firft, the greater velo-
city of the leflfer body juft compenfating its defi-
ciency in quantity of matter; fo the ations of the
power and weight are equal, and deftroy each others
effect upon the engine, when the power is to the
weight, as the velocity of the weight is to the velo-
city of the power. But tho’ it is ufeful and agree-
able, to obferve how uniformly this principle prevails
in engines of every fort, throughout the whole me-
chanics, in all cafes where an eguilibrium takes place 5
yet it would not be right to reft the evidence of fo
important a doétrine upon a proof of this kind only.
Therefore we thall demonftrate the law of the zgui-
librium in the lever or wvedlis (vihich is the foundarion
of all the other propofitions of this kind in mﬁcha:

nics)
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nics) by a new method, that feems to us to be
founded on the plaineft and moft evident principles 5
to which we fhall fubjoin the demonftration given by
Sir Ifaac Newton of the fame law, and that which is
afcribed to Archimedes.

3. In the firfl place it is evident, that if equal
powers act at equal diftances on different fides of the
prop, or centre of motion, with directions oppofite
and parallel to each other, they will have the fame
effect. Thus, a8 (Fig. 18.) being bife€ted in c, if
a power A act upon the lever in the direttion 4 F,
and an equal power B a&t upon 1t with an oppofite
and parallel diretion BE, then the effeéts of thofe
powers, to move the lever about the centre ¢, will
be precifely equal; fo that the one may be always
fubftituted for the other, A fecond principle is, that,
gravity being fuppofed to act in parallel lines, if the
prop c (Fig. 19. #. 1.} be between the bodies a4 and
B, it muft bear the fum of their weights; becaufe
the lever being loaded with thofe weights, it muft
give way if the prop does not fuftain their fum ;
but that when the powers a and B are on the fame
fide of the prop or fulcrum ¢, (fig. 19. #. 2.} in
which cafe one of them, as a4, muft pull upwards,
while the other B pulls downwards, that there- may
be an equilibrium, it is then only loaded with the
difference of the powers 4 and 8. The one of thofe
cafes always follows from the other, if we confider,
that in the cafe of the ejuilibrium, any one of the
three powers that act at a, B, and ¢, may be confi-
dered as that of the prop, and the other two as en-
deavouring to turn the lever about it, From thefe
principles we deduce the law of the wquilibrium in
the lever, in the following manner,

4. Sup-
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4. Suppofing firft two equal powers, a and &
(Fig. 20.) acting in the direétions 4 F, BH, to carry
a body c, upon the lever a B, placed at ¢ at equal
diftances from them ; it is evident, that, in this cafe,
each of the powers a and B fultains one half of the
weight c, by dividing it equally between them.
Imagine now that the power a is taken away, and
that inftead of refting upon it, the end a of the
lever refts upon a prop at a ; it is manifeft that the
power B, and the prop at a, {uftain, as before, each
one half of the weight ¢ ; the prop now acting, in
every refpect, as the power at A before; and, the
«quilibrium continuing, it appears, that, in this cafe,
a power B equal to one half of the weight ¢ fuftains
and ballances it, when the diftance of ¢ from the
prop a is one half of the diftance of B from the
fame that is, when B‘is to c, as c A to Ba, or
BXBAa=cxcA. From this fimple inftance we fee,
that powers a&t upon a lever not by their abfolute
force only, but that their effect neceffarily depends
-upon the diftance of the point where they act from
the prop, or centre of motion; and particularly,
that a power ballances a double power which alts at
half its diftance from the prop, on the fame fide of
it, with-an oppofite direction,

The cafe when the two powers a& on different
fides of the prop, follows from this, by the princi-
ples laid down in the laft article. For let Bu and
€6 (Fig. 21.) reprefent the directions and forces
“ with which the powers B and ¢ aét upon the lever;
“upon Ba produced take AE equal to ac, or 4 AB,
and in place of the power cc fubftitute an equal
power EK at 5, with an oppolfite direction ; and, by
the firft of thofe principles, this power ex will have
the fame effeét as cc, only the -prop, or centre of
§ mo-
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motion, A will now fuftain the {fum of the forces
ek and BH, by the fecond principle in the laft
article, But the @quilibrium between the powers BH
and g k will continue as it was before between BH
and cc ; fo that the powers B u and Ex will be 7%
equilibrio, when the power B H is one half of Ek,
and the diftance of Ex from the prop a is one half
of the diftance of BH from the fame; that is, when
the power at B is to the power at £, as A& to A B,
or BXBA=EXEA. In thiscafe, the prop a being
loaded with both the powers B and & which act with
the fame direction, its reaction muft be equal to their
fum Exk4Bu=3 BH, and muft be in the oppofite
direction a¥. In place of this reaction let us now
(Fig. 22.) fubftitute a power aAF at a, equal to
thrice e ; and in place of the power Ek, let us
fubftitute a prop at e, fuftaining that end of the
lever B ; and fince the @quilibrium continues as
before, it follows that the prop, or centre of motion,
being at g, the power Bu fuftains the power aF
which is triple of B, when the diftance of B a |
from the prop & is triple of the diftance of the
power aF from the fame, that is, when BHXBE
=AFXAE.

If we fuppofe the power Ex to remain (Fig. 23.)
but the end B of the lever & B to reft upon a prop,
then the powers aF and ek will fuftain and ballance
each other, the prop at B now coming in place of
the power B H3; 1n which, AF=3BH, and rk=
2BH; fothat AF is to EK as 3 to 2 ; and the dif-
tances E2 and a B being in the fame proportion, it
appears that when two powers in the proportion of
3 to 2 att upon a lever on the fame fide of the prop,
or centre of motion, with oppofite direftions, at
diftances in the proportion of 2 to 3, they then
fuftain each other. We have demonftrated there-

| fore,




Chap. 3. Puirosopurcar Discoverizs. 161

fore, that when the powers are in the proportion

either of 2 to 1, or of 3to 1, orof 3 to 2, and
the diftances of their application from the centre of
motion are in the inverfe proportion, then thole
powers ballance each other, or are in wquilibria.

5. Upon B & produced (Fig. 25, #. 1.) take EL =
EAa; and in place of the power ar fubftitute a
power LM=AF, but with a contrary direction ; this
power L m will have the fame effect to turn the lever
‘round the centre of motion E as a £ had, by the firft
‘principle in § 3; confequently it will be in wguilibris
‘with the power BH, as ar was. Therefore when
‘two powers LM and BH, in the proportion of 3 to 1,
‘act upon a lever with the fame direction, they are in
equilibrio, if their diftances from the centre of mo-
tion LE and EB be in the ratio of 1 to 3 that is,
when LM XLE=BH X BE Inthis cale, the powers
LM and B H acting with the fame diretion, the prop
£ muft {uftain their fum LM 4-BH=4 BH, by the
fecond principle of § 3. Therefore a power at L as
3, and a power alting at B with the fame diretion
as 1, are fuftained by a power ating at g, with a
contrary direction, as 4. From which it follows,
by fubftituting in the place of the power L M a prop
at L, that a power at B as 1 {uftains a power at & as
?g., afting with a contrary direCtion, when B 1 is to
EL as 4 to 1 3 thatis, when the powers are inverfely
as their diftances from the prop, or centre of mo-
tion, By fubftituting the prop at B in the place of
the power BH, it appears that a power LM at L, as
3, fuftains a2 power, alting with an oppofite direc-
tion, at E, as 4, when their diftances LB and B
from the prop B, are to each other as 4 to 3, or
When L MXLB=EcKkXEB. By taking upon LB pro-
Quced Be=zE, (Fig, 24. #.2,) and in place of the

Z?Wer at E, fubflituting an equal power at ¢ with a
¥ cors

L |
.
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Contrary direttion, it appears, by the firft principle
in § 3. that a power at L as 3 fuftains a power act-
ing at e, with the fame direction, as 4, when the
diftance LB is to the diftance e, as 4 to 3. Inthis
cafe, the prop at 8 fuftains the fum of the powers
acting at L and e, that is, a power equal to feven
times BH. From which it follows, by fubftituting a |
prop at L, or ¢, in place of the powers that act
there, that a power at ¢ as 4 {uftains a power at B
as 7, about the centre of motion L, when their
diftances from it ¢, BL are to each other as 7 to
4: and that a power at L as 3 fuftains the power
at B as 7, about the centre of meotion ¢, when thei
diftances from it, L¢ and Be, are to each other a

7 10 3.

6. By proceeding in this manner it appears, tha
when the powers are to each other as number t
number, and when their diftances from the cen
tre of motion are in the inverfe ratio of the fam
numbers, then the powers fuftain each other, or ar
in equilibrio. From which it is eafy to thew, in ge
neral, that when the powers are to each other in an
ratio, tho’ incommenfurable, and the diftances
their application from the centre of motion in t
fame inverfe ratio, then they are in equilibrio ;
caufe the ratio of incommenfurable quantities m
be always limited, to any degree of exactnefs at ple
fure, between a greater and a lefler ratio of numbdf
to number. And this I take to be the moft dire

~and natural proof of the law of wquilibrium in t
lever, the fundamental propofition of mechanics.

7. When the centre of motion ¢ is between t
bodies a and B, it is the fame point which was call
their cenire of gravity, chap. 2. § 13. And hen
it appears, that when the two bodies are fuppo









"

Chap. 3¢ Puirosorurcar Discoveries: 163

to be joined by an inflexible rod void of gravity, if
the centre of gravity be {ultained, then the bodies

thall be {uftained.

If two powers or weights, B and b, (Fig. 25.)
act upon a lever at the diftances 8 ¢ and p ¢ from
the centre of motion, the forces with which they act
upon the lever fhall be in the fame proportion of
BXEBEC to DX DcC; that is, in the ratio compounded
of the ratio of the powers, or weights, and that of
their diftances from the centre of motion. For the
effort of g is fuftained by a, if axac be equal to
BxBcC ; and the effort of the power p is fuftained by
K applied at the diltance ca, if kXac=bpxDec.
But the efforts of the powers, or weights, Band p,
upon the lever, are in the fame proportion to each
other as the powers a and k, which, applied at the
fame diftance c a from the centre of motion, fuftain
them, or as Axac to xx ac, and therefore as BxEc
to pxpc. From this it appears, that when any
number of powers at upon a lever, if the fum of
the products that arife by multiplying each power by
its refpective diftance from the centre of motion, on
one fide of it, be equal to the fum of the produtts
that arife by multiplying each power on the other
fide of the centre of motion by its refpective diftance
from it, then thefe powers fuftain each other, and
the lever is in #juilibrio. But by what was fhewn
1n § 13. chap. 2. the centre of motion coincides, in
this cafe, with what was there called the centre of
gravity.  Therefore if any number of -powers or
weights act upon a lever, and, their centre of gra-
vity being determined by the conftruétion in that
article, if the prop or fulerum be applied at this cen-
tre, the lever fhall be in equilibrio. In the fame
manner, if any number of powers or weights be
applied upon a plane that refts upon a given right

M2 line
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line 11, (Fig. 26.) and the centre of gravity of all
the powers or weights fall upan that line, the plane
thall be in equilibrio : for, by that article, the fums
of the products that arife by multiplying each power
by its refpective diftance from the axis of motion,
being equal on the different fides of this axis, their
efforts to move the plane muft be equal and con-
trary, and deftroy each others effe€t. Therefore as
the ftate of any fyftem of bodies, as to motion or
reft, depends on the motion or reft of the point
called the centre of gravity, by what was fhewn
above in the laft chapter ; fo it is another notable
property of this point, that if the bodies be joined
together, and to it, by inflexible lines void of gra-
vity, and this point be fuftained, the whole fyftem
fhall be fuftained and rﬁmain'in equilibrio,

8. When any powers  and p (Fig. 25, 26.) att
upon a lever, endeavouring to turn it about the cen-
tre of motion ¢, or when they att upon a plane,
endeavouring to rurn it about the axis of motion 11,
their effect is the fame as if a power or weight equal
to their fum was fubftituted in place of them at their
common centre of gravity n.  For, by § 14. chap.
2, BXBC+4DXDC=B-4DXNC; Of if 86, pd, n#n
be perpendicular to 11 in the points 4, d, n, then,
by the fame article, Bxeé+DXDd—p4DXN7 If
¢, the centre of gravity of all the powers, or weights,
that a¢t upon the lever, fall on one fide of c the
centre of motion ; or the centre of gravity of all the
powers that aét upon the plane, is on one fide of the
axis 1L then the prepondf:rancy will be on that fide,
and will be the fame as if, in place of all thofe

powers, one power equal to their fum was fubifti-
tuted at their common centre of gravity. Fori it

was fhewn that Bxﬂc+nxuc—axac_ﬁ+g+nx
GGy
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cc, when the power a alts on one fide and the
powers B and p on the other, Therefore, as when
the centre of gravity of the powers refts upon the
centre of motion, the whole is in eguilibrio, and the
prop c fuftains a force equal to their fum ; fo when
the centre of gravity is not fuftained by the prop,
but 'falls on one fide of it, the preponderancy is on
that fide, and is the fame as if all the powers or
weights were collected together at that centre. “The
analogy between thefe fatical theorems, and thofe
in the theory of motion relating to this centre, de-
fcribed in the laft chapter, deferve our attention ;
and farther illuftrate the fimplicity of this doétrine
and the harmony of all its parts.

9. Sir Ifaac Newton demonflrates the funda-
mental propofition concerning the lever, from the
refolution of motion. Let c (Fig. 24.) be the cen-
tre of motion in the lever kL ; let a and B be any
two powers, applied to it at k and L, alting in the
direttions k a and L B. From the centre of motion
c, let cm and o~ be perpendicular to thofe direftions
in M and n; fuppofe cm to be lefs than cwn, and
from the centre c, at the diftance cN, defcribe the
circle N H p, meeting kA in p. Let the power a
be reprefented by » a, and let it be refolved into the
power pe acting in the direttion ¢ p, and the power
p r perpendicular to ¢ n, by compleating the paral-
lelogram Arpc. The power pG, alting in the
direction cp from the centre of the circle, or wheel,
pHN towards its circumference, has no effet in turn-
ing it round the centre, from b towards #, and tends
only to carry it off from that centre. It is the part
p F only that endeavours to move the wheel from p
towards H and ~, and is totally employed in this
effort. The power 8 may be conceived to be ap-

plied at v as well as at 1, and to be wholly employed
M 3 1n
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in endeavouring to turn the wheel the contrary way,
from n towards # and p. If therefore the power B

be equal to that part of a which is reprefented by

p F, thefe efforts, being equal and oppofite, muft

deftroy each others effe¢t; that is, when the power

B is to the power 4, as DF to Da, or, (becaufe of
the fimilarity of the triangles A¥ b, DM ) as cM to

cD, oras cM to cn, then the powers muft be in

equilibrio; and thofe powers always fuftain each

other that are in the inverfe proportion of the dif-

tances of their diretions from the centre of motion;

or, when the produét of the one power multiplied
by the diftance of its direction from the centre, is
equal to the product of the power on the other fide

multiplied by the like diftance from it. ;

10. The demonfiration commonly afcribed to
Archjmedes is founded upon this principle, that when
any cylindric or prifmatic body is applied upon a
lever, it has the fame efiect as if its whole weight
was united and applied at the middle point of its
axis. Let as (Fig.28.) be a cylinder of an uniform
texture, c its middle point; and it is manifeft, thac
if the point ¢ be fupported, the equal halves of the
cylinder, ca and ce, will ballance each other about
the point ¢, and the body will remain in zquilibrio.
Let the cylinder a B be diftinguifhed into any un-
equal parts, Ap and pe; bifet ap in E, and DB
in F 3 then a power applied at &, equal to the weight
of the part aAp, with a contrary direétion, will
fuftain it 3 and a power applied at 7, equal to the
weight of the part pe, with a contrary direétion,
will fuftain that part; fo that thefe two powers at-
ing at £ and ¥, refpedively equal to the weights of
aD and p B, have precifely the fame effet as a prop
at ¢, fuftaining the whole cylinder a B, and may be
confidered as in «quilibrio with a power, aéting at e,

equal
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equal to the whole weight of the cylinder. But the di-
ftance CE=cA—AE—=;AB—IAD=4DB;and,in like
manner, the diftance cF—=cB—BF—=LAB—LDB
=rAD; confequently cE 1s to cF, aSDB tO AD
that is, as the power applied at r to the power ap-
plied at &, thefe being in wquilibrio with the weight
of the whole cylinder applied at ¢. From which it
appears, that powers applied at & and r, which are
to cach other in the proportion of ¢ r to ¢ g, fuftain
one another about the centre c.

11. Suppofe the lever aB (Fig. 29.) with the
weights a and B, to turn round the centre c; the
bodies a4 and B will defcribe fimilar arcs A and B3
and Az willbe tosd, as ca tocB, orass to 4 ;
confequently A X A a=p X B that is, the momenta,
or quantities of motion, of a and B will be equal;
and confidering one of them as the power and the
other as the weight, the power will be to the weight,
as the velocity of the weight to the velocity of the
power. Therefore in this, as in all nrechanical en-
gines, when a fmall power raifes a great weight, the
velocity of the power is much greater than the velo-
city of the weight; and what is gained in force is
therefore faid to be loft in time. In like manner,
when a number of powers are fuppofed to act upon
the lever, and it is turned round about their com-
mon centre of gravity ¢, the fums of the momenia
on the different fides of c are equal.

12. The lever, or wefis, is commonly diltin-
guithed into #hree kinds. In the fir/ff, the centre of
motion is between the power and weight, In the
fecond, the weight is on the fame fide of the centre
of motion with the power, but applied between
them. In the third, the power is applied between
the weight and centre of motion. In this laft, the

M 4 power
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power muft exceed the weight, in proportion as its
diftance from the centre of motion is lefs than the
‘diftance of the centre from the weight. But as the
firft two ferve for producing a {low motion by a {wift
one; fo the laft ferves for producing a fwift motion
of the weight by a flow motion ‘'of thepower, Itis
by this kind of levers that the mufcular motions of
anitmals are performed 5 the mufcles being inferted
much nearer to the centre of motion than the point
where the centre of gravity of the weight to be
raifed is applied ; fo that the power of the mufcle is
many times greater than the weight which it is able
‘to fuftain. Tho’ this may appear at firlt fight a dif-
advantage to animals, becaufe it makes their {trength
lels 3 it 1s, however, the effeft of excellent contri-
vance : for if the power was, in this cale, applied at
a greater diftance than the weight, the figure of ani-
mals would not only be awkward and ugly, but al-
together unfit for miotion ; as Boreli has fhewn in
his treatife de motu animalium.

13. When the two arms of a lever are not in a
right line, but contain any invariable angle at c,
(Fig. 3o.) the law of the equilibrium is the fame as
in the former cafe; that is, if the power p be ap-
plied at ®'to the arm ¢ B, and the weight w act, by
means of a pulley m, in the direction a m perpendi-
cular to the arm ‘ca, the power and weight will
{uftain each other if p be to w, asc a to ¢B, or pX
ce=wxca. If feveral powers alt upon the arm
ca, find their centre of gravity a, on the aym c a,
by § 13. chap. 2. fuppofe all the powers to be united
there ; and if the power p be to theirfum, as ca
to c g, it will fuftain them. The fum of the powers
being fuppofed given, it is manifeft that the farther
their centre of gravity a is removed from the centre
of motion ‘c, the greater refiflance they will oppofe

againft
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againft the power p, and it will require the greater
force in the power to overcome them. From this
Galileo jultly concludes, that the bones of animals
are the ftronger for their being hollow, their weight
being given; or, if the arm cer reprefent their
length, the circle ¢ # p a fection perpendicular to the
length, p any power applied along their length,
tending to break them ; then the ftrength or force of
all their longitudinal fibres, by which the adhefion
- of 'the parts is preferved, may be conceived to be
united in A the centre of the arcle cu p, which is
the common centre of gravity of thofe forces, whe-
ther the fection be a circle or gnnulus. Butitis plain
that when the area of the {ection, or the number of
fuch fibres, 1s given, the diftance c a is greater when
the fection is an annulus, than when it i1s a circle
without any cavity ; confequently the power with
which the jparts achere, and which refifts againft p
~which endeavours to feparate them, is frreater in the
Mfame proportion. For the fame reafbn, the ftalks of
- corn, the feathers of fowls, and hollow fpears, are
lefs liab]e to accidents that tend to break them, than
1f they were of the fame weight and length, but
Jolid without any cavity. In this inftance, therefare,
.art only imitates the wildom of nature, :
. The fame excellent author obferves, that in
ﬁmllar bodies, engines, or animals, the greater are
.more liable to accidents than the leffer, and have a
efs relative ftrength; that is, the greater have not a
ftrength in proportion to their magnitude, A greater
“column, for example, is in much more danger of
being broke by a fall than a fimilar fmall one ; a man
1s in greater danger from accidents of this kind than
achild; an infe¢t can bear a weight many times
‘greater than itfelf, whereas a large animal, as a horfe,

can hardly bear a burthen equal to his own we:g'%t.
Q
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To account for this, it will be fufficient to fhew,
that, in fimilar bodies of the fame texture, the force

which tends to break them, or to make them liable

to hurtful accidents, increafes in the greater bodies

in a higher proportion than the force which tends to

preferve them entire, or fecure againft fuch acci-

dents. Suppofe the fimilar beams agpE, FoHK,

(Fig. 31.) of acylindric or prifmatic figure, to be

fixed in the immoveable wall 11 5 and let us at pre-

fent abftra¢t from any other force that may tend to

break them, befides their own weight. Bifect a &

inc, and Fc in m; and their weights may be con- |
ceived to be accumulated at the points ¢ and M, |
which are direétly under their centres of gravity.
For the greater facility of the computation, fuppofe
AB=2FG, and confequently the weight of the beam
a8 pe will be eight times greater than the weight of
the fimilar beam rc Hk; and the weight of the
former being conceived to be accumulated in ¢, and
that of the latter in M, and A c being double the
diftance r m, it follows, that the force which tends
to break the former at A, being eight times greater
than that which tends to break the latter at r, and
at the fame time acting at a double diftance, on both
thefe accounts its effort muft be fixteen times greater
than that of the latter. Now, to compare the forces
which tend to preferve thofe beams entire and fixed
in the wall, let Ar £ be a feétion of the greater beam,
and rsk a feCtion of the latter, perpendicular to
their lengths at the points A and r; bifeét A€ in p,
and rkin ¢ ; then the number of longitudinal fibres,
whofe adhefion tends to preferve the beams entire,
or rather the quantity of this adhefion, in the greate
beam, will be to the quantity of adhefion in the
lefler beam, as the area of the feftion AR E to the
area of the fetion sk, thatis, in the prefent cale
(becaufe of the fimilarity of the figures) as the [quare
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of aE to the fquare of Fk, oras 4 to 1, But the
adhefion of the parts that are in contatt with each
other in the feftion ARE may be conceived to be
"accumulated at p their centre of gravity ; and the
"adhefion of the parts in contact with each other in
“the fection F s k is to be conceived as accumulated in
‘g, for the fame reafon. The adhefion, therefore,
“which tends to preferve the greater beam entire is
‘quadruple of that which tends to preferve the leffer
beam entire, and at the fame time is to be conceived
as alting at a double diftance from the centre of
“motion, becaufe a p=2 F¢; fo that the effort which
tends to preferve the greater beam from breaking, is
eight times greater than that which tends to preferve
the lefler beam entire.  'We have found, therefore,
' that the effort which tends to break the greater beam

at A, is fixteen times greater than that which tends
" to break the leffer beam at r; but that the effort,
which, on the other hand, endeavours to preferve
" the adhefion of the greater beam entire, is only eight
times greater than that which tends to preferve the
adhefion in the lefler beam. In general, it will
eafily appear, in the fame manner, that the efforts
tending to deftroy the adhefion of the beams, arifing
from their own gravity only, increafe in the quadru-
plicate ratio of their lengths ; but that the oppofite
efforts, tending to preferve their adhefion, increafe
only in the triplicate ratio of the fame lengths,
- From which it follows, that the greater beams muft
be in greater danger of breaking than the leffer
fimilar ones; and that, tho’ a leflfer beam may be
firm and fecure, yet a greater {imilar one may be
made fo long, as neceffarily to break by its own
weight. Hence Galileo juftly concludes, that what
appears very firm, and fucceeds well, in models,
may be very weak and infirm, or even fall to pieces

by
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by its weight, when it comes to be executed in Jarge
dimenfions according to the model.

15. From the fame principles he argues, that
there are neceffarily limits in the works of nature
and art, which they cannot furpafs in magnitude.
‘Were trees of a very enormous fize, their branches
would fall by their own weight, Large animals
have not ftrength in proportion to their fize ; and if
there were any land-animals much larger than thofe
we know, they could hardly move, and would be
perpetually fubjected to moft dangerous accidents.
As to the animals of the fea, indeed, the cafe is dif-
ferent, as the gravity of the water fuftains thofe ani«
mals in great meafure, and in fact thefe are known
to be fometimes valtly larger than the greateit land-
animals, Nor does it avail againft this doétrine to
tell us, that bones have been found which were fup-
pofed to have belonged to giants of an immenfe
fize, fuch as the fkeletons mentioned by Strabo and
Pliny 5 the former of which was 60 cubits high, and
the latter 46 3 for the naturalifts havé concluded, on
juft grounds, that in fome cafes thofe bones had be-,
longed to elephants; and that the larger ones were
bones of whales, which had been brought to the
places where they were found, by the revolutions of
nature that have happened in paft times. Tho’ it
muft be owned, that there appears no reafon why
there may not have been men that have exceeded,
by fome feet in height, the talleft we have feen.
The reader will find a curious and ufeful differtation
on this fubje¢t, by the celebrated Sir Hans Sioane, in
the Philofophical Tranfaétions, or in the Memoires de
I’ Academie Royale des Sciencesy, 172%. If, in the
other planets, the fame law of cohefion and other
attractions takes place as in the earth, it may be of
ufe that the gravity near their furfaces thould not be

vaitly
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vaftly different from what it is near the furface of
the earth it was perhaps with fome view to this,
that Sir I_{Emc Newton nfinuates, that it was not
without defign and contrivance that the gravities at
the furfaces of the planets thould differ fo much lefs
from each other, than, at firft fight, might be ex-
pected from the attractions of bedies of fo unequal
magnitude.

16. It follows, from § 14th, that in order to
make bodies, engines, or animals, of equal relative
ftrength, the greater ones muft have groffer propor-
tions, Thus in order that the greater cylinder
A B DE may be as firm and fecure againft accidents
as the leffer cylinder Fc H K, the fe€tion A R £ and
its diameter A muft be increafed, tll the effort
arifing from the adhefion of the parts bear as great
a proportion to the effort that tends to overcome
this adhefion, in the greater, as in the leffer cylinder.
And this fentiment being fuggeited to us by per-
petual experience, we naturally join the idea of
reater ftrength and force with the groffer propor-
tions, and the idea of agility with the more delicate
ones. In archite¢ture, where the appearance of fo-
lidity is no lefs regarded than real firmnefs ard
{trength, this is particularly confidered, in order to
ﬁmsf}r a Judlcmus eye and tafte; the various orders
of the columns ferving to fuo‘geﬂ: different degrees
flof ftrength. But, by the fame principle, if we
fhould fuppofe animals vaftly large, from the grofs
oportions, a heavinefs and unwieldinefs would ne-
effarily arife, which would make them ufelefs them-
fifelves, and d:fagrceable to the eye. In this, as in-
deed in all other cafes, whatever ﬂ'f:n-:ra.lly pleafes
ftes not vitiated by education, or by fabulous and
marvellous relations, may be traced till it appear to
have
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have a juft foundation in nature; tho’ the force of
habits 1s fo ftrong, and their effe¢ts upon our fenti-
ments {o quick and fudden, that it is often no eafy
matter to trace, by reflexion, the grounds of what
pleafes us.

17. We have infifted at f{o great length on the
lever, that we may be brief in treating of the other
mechanical powers. The common &allance is a lever
that has equal arms ac and ¢ B, (Fig. 32.) with the
centre of motion ¢ commonly placed directly over
c. If the centre of motion was in ¢, equal weights,
fufpended from a and B, would fuftain each other,
in any pofition of the lever A B ; but when the cen-
tre of motion is above ¢, they fuftain each other
when the lever aB is level only; and when the
weight at a is but a little greater than the weight at:
B, the ends A and B defcend and afcend by turns,
till their common centre of gravity g fettles in the:
vertical line ¢ ¢ ; where they fuftain each other, be-~
caufe their centre of gravity is fuftained by c. The
ballance is falfe when the arms a ¢ and ¢ B are un-
equal : and the exatnefs of this inftrument chiefly
depends upon making the friction, at the centre o
motion ¢, as {mall as pofiible.

18. The axis and wheel has a near analogy to the
lever 5 the power is applied at the circumference of
the wheel, and the weight is raifed by a rope that is
gathered up (while the machine turns round) on the
axis, The power may be conceived as applied at
the extremity of the arm of a lever equal to th
radius of the wheel, and the weight as applied at
the extremity of a lever equal to the radius of th
axis 3 only thofe arms do not meet at one centre of
motion as 1n the lever, but in place of this centre,
we have an axis of motion, w/z, the axis of the

3 whole



- Chap. 3. Purrosopurcar DiscoveRrizs, 175

whole engine. But as this can produce no diffe-
rence, it follows that the power and weight are in
«quiltbrio when they are to each other inverfcly as
the diftances of their directions from the axis of the
engine 3 or when the power is to the weight, as the
radius of the roller to the radius of the wheel, the
power being fuppofed to act in a perpendicular to this
radius 3 but if the power att obliquely to the radius,
fubftitute a perpendicular from the axis on the direc-
tion of the power, in the place of the radius. Thus
if ABDE (Fig.33.) reprefent the cylindric roller,
H PN the wheel, LM the axis or right line upon
which the whole engine turns, q_the point of the
furface of the roller where the weight w is applied,
p the point where the power is applied, k o the
radius of the roller, cp the radius of the wheel;
then if the power p act with a diretion perpendicu-
lar to cp, the power and weight will fuftain each
other when p is to w, as kqtocP or cH: butif
the power alt in any other direction p R, let cr be
perpendicular from c, the centre of the wheel, on
that direftion ; then p and w will {uftain each other
when p 1s tow, as KqQ_ to c R ; becaufe, in this cafe,
a power p has the fame effect as if it was applied at
the point r of its direction, alting in a right line
perpendicular to c R,

19. The fimple pulley ferves only to change the
direction of the power, or motion, without any me-
chanical advantage, or any difadvantage but what
arifes from the friction. Let m (Fig. 34.) reprefent
a fimple pulley, p nw the rope that goes over the
pulley from the power p to the weight w: and it is
manifeft, that if p and w be equal, they will fuftain
each other as if fufpended at equal diftances, M a
and m B, from the centre of the lever a 5. Bur,
if befides the fixed puiley M, there be (Fig. 35.)

another
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another moveable pulley r, to which the weight w
is fixed, and the rope that goes from the power p,
over the fixed pulley M, and under the moveable
pulley ¢, be fixed above at g, then it is manifeft
that the power p fuftains only one half of w, becaufe
the rope k n fuftains only one half of it, the other

half being fuftained by the rope k.

There is an cbvious analogy between this cafe of |
ullies, and that wherein a power fuftains,a double
weight at half its diftance from the centre of mo- |
tion, on the fame fide. For if A B be the diameter
of the pulley L, at whole extremities the parallel
ropes, At and BN, touch it, the power p may be
conceived to be applied at B, the weight w at L, and
the centre of motion to be at a.  If we fuppofe the
wower p and weight w to move, as P is equal to one
alf of w, fo the velocity of w is one half of the
velocity of p, or p multiplied by its velocity gives a
produét equal to w multiplied by its velocity ; for,

that the weight w may be elevated one inch, each .
of the parts of the rope ex and x N muft be thortned
by one inch and the power p that draws the whole
rope from £ by k and w, muit defcend two inches,
A fimilar reafoning may be applied to all the com-

binations of puiles,

20. When a weight w (Fig, 36.) defcends along
an inclined plane Ac, a part of 1ts gravity is fuftained
by the reation of the plane, and the remaining part
produces its motion along the plane, Let a5 be
the height of the plane, Bc the bafe, and the gra-
vity of the weight w being reprefented by the ver-
tical line w m, let this power be refolved into the
power wn perpendicular to the plane, and wq
parallel to it. The former w v is deftroyed by the

reaction of the plane, and the latter wq_ is that
i which
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which produces the motion of the body along the
plane. Becaufe the triangles woM and aBc are
fimilar, wq_is to wm, as AB to ac; and the force
with which a body defcends along the plane is to its
gravity, as the height of the plane to its length ;
confequently a force aéting upon the body w, with
the direction @ w parallel to the plane ac, will fuftain
it, if it be to the whole weight of the body, as a B

tﬂACQ

21. Let aBc (Fig. 37.) reprefent a wedge driven
into the cleft £ pr, of which pe and pF are the
fides; and if we fuppofe thofe fides p £ and pF to
re-act upon the wedge with directions perpendicular
to pE and p F, let the herizontal liné EF meet p ¥
~1n F; then when the force impelling the wedge, fup-

pofed perpendicular to the horizon, is in wquilibrio
with the refiftances of the fides of the cleft p & and
DF, thefe three powers are in the fame propor-
‘tion as the three right lines e 7, & and D F., For
it follows from the compofition of motion, that
when three powers are in equilibrio with each other,
they are in the fame proportion as the three fides of
a triangle parallel to their refpective direttions, and,
‘confequently, as the three fides of a triangle perpen-
dicular to their directions ; fuch a triangle being evi-
dently fimilar to the former. But E F is perpendi-
cular to the direction in which the weight of the
wedge, or the power that impells it, is fuppofed to
act; and o g, p r are perpendicular to the directions
in which their refiftances are fuppofed to aét, confe-
quently the power that impells the wedge and thofe
refiftances are in the fame proportion as & F, DE and
pr. If other fuppofitions are made concerning the
refiftances of the fides of the cleft pr and D F, the
portions of the powers may be determined, from

the fame principles.

N 22,
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22. When a point moves along the fide of a cy-
linder, with an uniform motion, upon its curve fur-
face, while this fide is itfelf carried with an uniform
motion about the axis of the cylinder, the line traced,
by this compounded motion, upon the curve {urface
of the cylinder, is called a fpiral. When this line
is raifed upon the external furface of the cylinder, it |
is called the external ferew 3 but if it is carried on
in the internal furface, it is called the internal ferew. |
While ore of thefe is converted about the other,
one of them ought to be fixed ; and they form a
machine of great force for {queezing or moving bo- |
dies. If a power p ([ig. 38.) turn either of the |
fcrews with a direction parallel to the bafe, it will |
fuftain the weight w which is to be raifed, if it be
to w in the fame proportion as the diftance between |
the two neareft fpirals is to the circumference of the
circle defcribed by the power p3 becauvfe while the
power makes a compleat revolution, the fcrew ad-
vances by the diftance of the two neareft fpirals,
and the velocity of the power is to the velocity of
the weight, as the circumference defcribed by p to
that diftance. The fame will appear by confidering
the ferew as an inclined plane involved about a cy-
linder, In this engine the frition is very great.

23. From thefe fimple machines, compounded
ones are formed by various combinations, and ferve
for different purpofes; in which the fame general
Liws take place, particularly that which was defcribed
in § 3. That the power and weight fuftain each
other when they are in the inverfe proportion of the
velocities which they would have in the direQions
wherein they act, if they were put in motion. By
thefe the famous problem is refolved, of moving
any given weight by any given power, provided ;]Pte

relifts
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refiftance arifing from the friction can be overcome.
It being of great importance to dimiaifh this fric-
tion, feveral contrivances have been invented for
that purpofe, In wheel-carriages the friction is
transferr’d from the circumference of the wheel
(where it would aét if the wheel did not turn round)
to the circumference of the axis; and, confequently,
is diminifhed in the proportion of the radius of the
axis to the radius of the wheel. In thefc, theréfore,
the frittion is always diminithed by diminithing the
diameter of the axis, or by increafing the diameter
of the wheel. The fri¢tion is likewife diminithed
by making the axis of an engine to reft upon the
circumferences of wheels that turn round with i,
inftead of refting in fixed grooves that rub upon it;
for by this contrivance, the frition is transferred
from the circumferences of thofe Wheels to their
pivots ; and the friction may be ftill diminithed far-
ther by making the axles of thofe wheels reft upon
other fri¢tion-wheels that turn round with them. Ig
is hardly poffible to give general and exaét rules con-
cerning fri¢tion, fince it depends upon the itructure
of bodies, the form of their prominent parts and
cavities, and upon their rigidity, elafticity, their
coherence, and other circumftances. Some authors
have made the fri¢tion upon a horizontal plane equal
to one third of the weight 3 but others have found
that it was only one fourth of it, and fometimes
only z or > of it. Of late, authors have told us
that the friction depends not on the furface of the
body, but its weight only ; but neither is this found
to be accurately true. In leffer velocities, the fric-
tion is nearly in the fame ratio as the velocities 3 but
in greatet velocities, the friction increafes in a higher
proportion, whether the bodies are dry or oil’d,

Nz 24
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24. The fecond general problem in mechanics,
mentioned above, is, to determine the proportion
which the power and weight ought to bear to each
‘other, that, when the power prevails, and the engine
is in motion, the greatefl effect poflible may be pro-
duced by it in 2 given time, It is manifeft that this
1s an enquiry of the greateft importance, tho’ few
have treated of it. 'When the power is only a litile
greater than that which 1s fufficient to fuftain the
weight, the motion is too flow; and tho’ a greater
weight is raifed in this cafe, it is not fufficient to
compenfate the lofs of time. When the weight is
much lefs than that which the power is able to fuftain,
it is raifed in lefs time 3 and this may happen not to
be fufficient to compenfate the lofs arifing from the
{mallnefs of the load. It ought, therefore, to be
determined when the product of the weight multi-
plied by its velocity is the greatet pofiible ; for this
meafures the effect of the engine in a given time,
which is always the greater in proportion as the
weight that is raifed is greater, and as the velocity
with which it is raifed 1s greater. We fhall, there-
fore, fubjoin fome inftances of this kind that may
be demonflrated from the common elementary geo-
metry ; withing that farther improvements may be
mide in this moft ufeful part of mechanics.

25. When the power prevails, and the engine
begins to move, the motion of the weight is at firft
gradually accelerated. The action of the power
being fuppoled invariable, its influence in accelerating
the motion of the weight decreafes while the velocity
of the weight increafes. Thus the ation of a ftream
of water, or air, upon a wheel is to be eftimated
only from the excefs of the velocity of the fluid
above the velocity already acquired by the part of |

the
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the engine which it ftrikes, or from their relative
velocity. On the other hand, the weight of the
load that is to be elevated, and the frition, tend to
retard the motion of the engine ; and when thefe
forces, viz. thofe that tend to accelerate it, and
thofe that tend to retard it, become equal, the en-
gine then proceeds with the uniform motion it has

acquired.

Let as (Fig. 39.) reprefent the velocity of the
ftream, ac the vtiumty of the part of the engine
which it firikes, when the motion of the machine
becomes uniform ; and c¢B will reprefent their rela-
tive velocity, upon which the effeét of the engine
~ depends. It is known that the action of a fluid,
upon a given plane, is as the {quare of this relative
velocity 3 confequently, the weight raifed by the
engine, when its motion becomes uniform, being
equal to this ation, it is likewife as the fquare of
c¢B. Let this be multiplied by ac, the velocity of
the part of the engine impell’d by the fluid; and
the effect of the engine in a given time will be pro-
portional to acxcs*= (fuppofing cr to be bifected
1N D) ACX 2CDX 2 DB=4 ACXCDXDB; confequent-
ly, the effect of the engine is greateft when the pro-
du& of ac, cr, and pB is greateft. But it is eafy to
fee, that this product is greateft when the parts ac,
cp and DB are equal; for, if you defcribe a femicir-
cle upon ap, and the perpendicular ce meet the
circle in E, then acxcp=cEe*, and is greateft when
c is the centre of the circle ; fo that in order that
acxcpxps may be the greateft poffible, ap muft
‘be bifected in ¢; and cB having been bifeted in =,
1t follows that ac, c¢p, pB muft be equal; or that
Ac, the velocity of the part of the engine impelled
by the ftream, crught to be but one third of ap the
velucity of the ftream. In this cafe, when (abftrai-

N 3 ing




182 Sir Isaac NewTon’s Book 11,

ing from friction) the engine atts with the utmoft
advantage, the weight raifed by itis to the weight
that wou!d juft fultain the force of the ftream, as the
fquare of cs, the relative velocity of the engine and
fircam, to the {quare of as, which would be the re-
lative velocity if the engine was quiefcent ; that is,
as 22 to 3x3 or 4 to 9. Thercfore, that the en-
gine may have the greateft effect poffible, it ought
to be loaded with no more than £ of the weight
which is juft able to fuftain the efforts of the ftream.
Of this the reader will find more in my Treatife of
Fluxions, § 908.

26. For another example, fuppofe that a given
weight p, (Fig. 40.) delcending by its gravity in the
~vertical I, raifes a greater weight w likewife given,
by the rope p mw (that pafles over the fixed pulley
M) along the inclined plane Bp, the height 'of which
BA 1s given; and let it be required to find the pofi-
tion of this planc, along which w will be raifed in
the leaft time, from the horizontal line ap toB. Let
Bc be the plane upon which if w was placed, it
would be cxaltly fuitained by p, and, by § 20. of
this chapter. p fhall be to w, as aB t» Bc; but wis
to the force with which it tends to defcend along the
planc BD, as Ep to as, by the fame-arucle; confe-
quently the weight p is to that force, as Bp to Bc.
Therefore the excefs of p above that force (which
excefs 1s the power that accelerates the motions of p
and w) is to p, as BD—BC t0 BD; or, taking BH
upon Bc equal to Bp, as cH to p.  But it is known
that the fpaces defcribed by metions uniformly acce-
lerated are in the compound ratio of the forces which
prodiuce them and the {quares of the times ; or, that
the fquare of the time 1s directly as the fpace de-
feribed in that time, and inverfely as the force; con-
fequently, the fquare of the time, in which 8D is
2 defcribed




Chap. 3. Puirosornicar Discoveries. 182
defcribed by w, will be directly as p and inverfuly

CH ; BD:2 - ~dy
as 35, and wi:: be lealt when == is a minimum ;
that is, when =+cH+28c, or (becaufe 2 Bc is in-

variable) when f_%f

when the fum of two quantities is given, their pro-
duct is a maximum when they are equal to each other s
fo it is manifeft, that, when their product is given,
their fum muft be a minimum when they are equal,
Thus it is evident, that, as in the lalt fe&ion the
reCtangle or prodult of the equal parts ac and cp
was cE *; fo the reftangle or produc of any two
unequal parts, into which ap may be divided, is lefs
thin ce®, and ap is the leaft fum of any two quan-

tities the product of which is equal to ce?*, But

BC

the product of == and cn is Bc?, and confequent-

ly given ; therefore the fum of %‘:T“ and cu is leaft

when thele parts are equal, that is, when cn is equal
to Bc, or Bp equal to 2 Bc. It appears, therefore,
that when the power p and weight w are given, and
w is to be raifed by an inclined plane, from the level
of a given point a to the given point B, in the leaft
time poffible, we are firft to find the plane Bc upon
which w would be fuftained by r, and to take the
plane Bp double in length of the plane Bc ; or, we
are to make ufe of the plane Bp upon which a
weight that is double of w could be fuftained by the

power P.

+-cH 1s a minimum. Now as,

27. Let a fluid, moving with the velocity and
direCtion ac (Fig. 41.) ftrike the plane ck, and fup-
pofe that this plane moves parallel to itfelf in the
direction cB, perpendicular to ca, or that it cannot
move in any other direétion ; then let it be required
to find the moft advantageous pofition of the plane

: N 4 CE,
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cE, that it may receive the greateft impulfe from
the action of the fluid. Let ap be perpendicular to
ce in p, draw axk parallel to ¢B, and let Pk be per-
pendicular upon it in k3 and ax will meafure the
force with which any particle of the fluid impells
the plane Ec, in the direttion cs. For the force of
any fuch particle being reprefented by ac, let this
force be refolved into aq parallel to ec, and ap per-
pendicular to it ; and it is manifeft, that the latter
ap only has any effe¢t upon the plane ce. Let this
force ap be refolved into the force ar perpendicular
to ¢B, and the force ax parallel to it; thenitis
manifeft, that the former, ar, has no effeét in pro-.
moting the motion of the plane in the diretion cB
{o that the latter ak, only, meafures the effort by
which the particle promotes the motion of the plane
ck, in the dire¢tion ¢B. Let Em and EN be per-
pendicular to ca and cB, in M and N3 and the num-
ber of particles, moving with directions parallel to
ac, incident upon the plane ce, will be as Em.
Therefore the effort of the fluid upon ce, being as
the force of each particle and the number of par-
ticles together, it will be as Ak X Em ; or, becaufe ax

: EM2EM2XEN
is to AP (=EM,) a5 EN (0 CE, as———""—=3 {0

that ce being given, the problem is reduced to this,
to find when em*XxEen is the greateft poffible, or a
maximum, But becaufe the fum of em?* and of En?
‘—=cM*) is given, being always equal to ck?, it fol-
lows that EN*xEM* is greateft when En?=2XcE®;
in the fame manner as it was demonftrated in § 235.
that when the fum of ac and cB was given, acxes?
was greatelt when ac=3ap. But when en?>)XEM* |
is greateft, 1ts {quare-root ENXEM* is of neceffity at .

the fame time greateft. Therefore the action of the
fluid upon the plane ck in the direion cp is great-

eft
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et when en*=3ce®*, and confequently rm*=
- Zce®; thatis, when Em the fine of the angle ack
in which the ftream ftrikes the plane is to the radius,
'as v/ 2 to 4/ 3; in which cafe it eafily appears, from
~ the trigonometrical tables, that this' angle is of

54°. 44.

28. Several ufeful problems in mechanics may be
refolved by what was fhewn in the laft article. 1If
we reprefent the velocity of the wind by ac, a fec-
tion of the fail of a wind-mill perpendicular to its
length by cE, as it follows from the nature of the
engine, that its axis ought to be turned directly
towards the wind, and the fail can only move in a.
dire¢tion perpendicular to the axis, it appears, that,
when the motion begins, the wind will have the
greateft effect to produce this motion, when the
~angle a cE in which the wind ftrikes the fail is of
54°. 44+ Inthe fame manner, if cB reprefent the
direction of the motion of a fhip, or the pofition of
her keel, abftratting from her lee-way, and ac be
the direction of the wind, perpendicular to her way,
| then the moft advantageous pofition of the fail ce,
to promote her motion in the direction c¢s, is when
the angle ae e, in which the wind ftrikes the fail, is
of 54°. 44". The beft pofition of the rudder, where
it may have the greateft effect in turning round the
fhip, is determined in like manner. And how this
fame angle enters into the determination of the
figure of the rhombus’s that form the bafes of the
cells in which the bees depofite their honey, in the
moft frugal manner, I have thewn in a letter to the
learned and worthy Martin Folkes, Eiq; prefident

of the royal fociety.  Philofophical Tranfaitions,
N®. 471.

29,



186 Sir Isaac NewToN’s Book IT,

29. But it is to be carefully obferved, that when
the {ine of the angle ack is to the radius as +/ 2 to
+/ 3, or (which 1s the fame thing) when its tangent
is to the radius, as the diagonal of a fquare to its
fide, this is the moft advantageous angle only at the
beginning of the motion of the engine; fo that the
fails of a common wind-mill ought to be fo fituated,
that the wind may indeed firike them in a greater
angle than that of 54°. 44. For we have demon-
ftrated elfewhere, that when any part of the engine
has acquired the velocity ¢, the effort of the wind
upon that part will be greateft, when the tangent of
the angle in which the wind ftrikes it is to the radius,

not as the v/ 2 to 1, but as{/ 2 'i':f:'i":jf to I,
the velocity of the ‘wind being reprefented by a.
If for example ¢e=%a then the tangent of the angle
AcE ought to be double of the radius, that is, the
angle ace ought to be of 63°. 26". If c=4 then
ack ought to be of 74°. 19. This obfervation is
of the more importance, becaufe, in this engine, the |
velocity of the parts of the fail remote from the axis, |
bear a confiderable proportion to the velocity of the
~wind, and perhaps fometimes are equal to it; and
becaufe a learned author, Mr. Daniel Bernouilli, has
- drawn an oppofite conclufion from his' computations
i his bydrodynamics, by miftaking a minimum for a
maximum ; where he infers, that the angle in. which
the wind firikes the fail ought to decreafe as the
diftance from the axis of motion increafes, that if
¢=a the wind ought to ftrike the fail in an angle of
45°, and that, if the fail be in one plane, it ought
to be inclined to the wind, at a medium, in an angle
of about 50°. How he fell into thefe miftakes, we
have explained elfewhere *. In like manner, tho’

% Treatife of Flyxionsy, § 9l4e

&

the
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‘the angle ack of 54°. 44". be the moft advantage-
ous at the beginning of the motion, when a thip
fails with a fide wind, yet it ought to be enlarged
afterwards as the motion increafes. In general, let
Aa, parallel to cB, be to ac, as the velocity which
the engine has already acquired in the diretion cB,
to that of the ftream; upon ac produced take ap
0 AC as 4 t0 3, draw DG parallel to cs, and let a
circle defcribed from the centre ¢ with the racius ca
meet Dc ing; and the plane ck fhall be in the moft
advantageous fituation for promoting the motion of
the engine, when it bifeéts the angle acg. Itis
generally fuppofed, that a dire¢t wind always pro-
motes the motion of a fhip, the fail being perpendi-
cular to the wind, more than any fide-wind ; and
this has been affirmed in feveral late ingenious trea-
tifes ; but, to prevent miftakes, we are obliged to
oblerve, that the contrary has been demonftrated in

* our treatile of fluxions, § gig 3 where other inftances

. of this fecond general problem in mechanics are
given, to which we refer.

30. The mechanical powers, according to their
different ftructure, ferve for different purpofes; and
it is the bufinels of the fkilful mechanic to chufe
them, or combine them, in the manner that may be
beft adapted to produce the effect required, by the
power which he is poffeflfed of, and at the leaft ex-
pence. The lever can be employed to raife weights

~ a little way only, unlefs the engine itfelf be moved,
as, for example, to raife ftones out of their beds in
quarries, But the axis and wheel may ferve for
raifing weights from the greateft depths, The pul-
lies being eafily portable aboard fhips, are therefore
much employed in them. The wedge is excellent
for feparating the parts of bodies 3 and the fcrew,
or comprefling or fqueezing them together 3 and its
great

!
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reat friCtion is even fometimes of ufe, to preferve
the effe&t already produced by it. The ftrength of
the engine, and of its parts, muft be proportioned
to the effefts which are to be produced by it. As
we found, that, when the centre of motion is placed
between the power and weight, it muft fuftain the
fum of their efforts ; a fmall ballance ought not to
be employed for weighing great weights 3 for thefe
diforder its ftrutture, and render it unfit for ferving
that purpofe with accuracy. Neither are great en-
gines proper for producing {mall effects: the detail
of which things muft be left to the fkilful and expe-

rienced mechanic.

31. But, befides the raifing of weights and over-
coming refiftances, in mechanics we have often other
objects in view. To make a regular movement,
that may ferve to meafure the time as exatly as

offible, is one of the moft valuable problems in this
{cience; and has been moft fuccefsfully effeéted, hi-
therto, by adapting pendulums to clocks; tho’ many
ingenious contrivances have been invented to correct
the irregularities of thofe movements that go by
fprings. Some have endeavoured to find a perpe-
tual movement, but without fuccefs: and there is
ground to think, from the principles of mechanics,
that fuch a movement is impoffible. In many cafes,
when bodies act upon each other, there is a gain of
abfolute motion ; but this gain is always equal in op-
pofite directions, and the quantity of diret motion
1s never increafed. To make a perpetual move-
ment, it appears neceflary that a certain fyftem of
bedies, of a determined number and quantity, fhould
move in a certain fpace for ever, and in a certain
way and manner; and for this, there muft be a feries
of ations returning in a circle, to make the move-
ment continual ; fo that any action by which the ab-_
| - folute

5
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lute quantity of force is increafed, of which there

s feveral {orts, muft have its corrr:fpundmg counter-
tion, by which that gain of force is deftroyed, and

the quantity of force reftored to its firft ftate. Thus,
-‘# thefe actions, there will never be any gain of
‘dire&t force, to overcome the fri€tion and the re-
iltance of the medium. But every motion will be
abated, by thefe refiftances, of its juit quantity ;
and the motions of all muft, at length, languith and

fe.

32. To illuftrate this, it is allowed, that, by the
efolution of force, there is a gain or increafe of the
bfolute quantity of force ; as the two forces ae and
AD (Fig. 2.) taken together, exceed the force ac
which 1s refolved into them. But you cannot pro-
ceed refolving motion 7 infinitum, by any machine
whatfoever ; but thofe you have refolved muft be
again compounded, in order to make a continual

movement, and the gain obtained by the refolution
will be loft again by the compofition. In like man-

per, if you fuppofe o and B (Fig. 42.) to be per=

fectly elattic, and that the lefler body a ftrikes B .

quiefcent, there will be an increafe of the abfolute

guantity of force, becaufe a will be refletted; but
if you fuppofe them both to turn round any centre
¢, after the ftroke, fo as to meet again in 4 and 2,
this increafe of force will be loft, and their motion
- will be reduced to its firft quantity. Such a gain,
therefore, of force as muft be afterwards loft in the
| -.-"' ions of the bodies can never produce a perpetual
movement. There are various ways, beflides thefe,
by which abfolute force may be gained ; but fince
there is always an equal gain 1n oppofite d1reé'tmns,

| and no increafe obtained in the fame direflion ; in
I *1 circle of actions neceflary to make a perpetual
movement, this gain muft be “préfently loft, and
- will

!
|
|
|
%
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will not ferveé for the neceffary expence of force em:
ployed in overcoming frition and the refiftance o
the medium,

33. We are to obferve, therefore, that tho’ i
could be fhewn that in an infinite number of bodies
or in an infinite machine, there could be a gaih o
force for ever, and a motion continued to infinity
it does not therefore follow that a perpetual move:
ment can be made. That which was propofed by
Mr. Leibnitz, in Augufp 1690, in the Leipfick alls
as a confequence of the comman eftimation of the
forces of bodies in motion, is of this kind ; and, fo
this and other reafons, ought to be rejected. It is
however, neceflary to add, that tho’ on many ac.
counts, it appear preferable to meafure the forces as
well as motions of bodies by their velocities, and not
by the fquares of their velocities 3 yet, in order tc
produce a greater velocity in a body, the power o
caufe that is to generate it muft be greater in a highes
proportion than that velocity ; becaufe the action of
the power upon the body depends upon their relative
motion only ; fo that the whole altion of the power
1s not employed in producing motion in the body,
but a confiderable part of it in fuftaining the power
fo as to enable it to at upon the body and keep ug
with it, Thus the whole action of the wind is not
employed in accelerating the motion of the fhig
but only the excefs of its velocity above that of the
fail on which it alts, both being reduced to thé famé
diretion. When motion is produced in a body by
fprings, it 1s the laft fpring only which aéts upon the
body by contact, and the reft ferve only to fuftair
itin its action ; and hence a greater'number of {prings
is requifite to produce a greater velocity in a given
body, than in proportion to that velocity. A double
power, like that of gravity, will produce’ a double

motion
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motion in the fame time; and a double motion in
an elaftic body may produce a double motion in
another of the fame kind., But two equal fucceflive
‘impulfes, ating on the fame body, will not produce
a motion in it double of what would be generated
by the firlt impulfe; becaufe the fecond impulfe has
neceflarily a lefs effect upon the body, which is al-
ready in motion, than the firft impulfe which acted
wpon it while at reft.  In like manner, if there is a
third and fourth impulfe, the third will have lefs
effect than the fecond, and the fourth lefs than the
third. From this it appears what anfwer we are to
make to af{pecious argument that is adduced to thew
the poflibility of a perpetual motion. Let the height
aB (Fig. 43.) be divided into four equal parts ac,
cD, DE, EB: fuppole the body A to acquire, by the
- defcent ac, a velocity as 1, and this motion by any
contrivance to be tran{mitted to an equal body &3
then let the body a, by an equal defcent cp, ac-
quire another motion as 1, to be tranfmitted likewife
to the fame body B, which in this manneris fuppofed
to acquire a motion as 2, that is fufiicient to carry
it upwards from B to 4 3 and becaufe there yet re-
main the motions which a acquires by the defcents
pE and B, that may be {ufficient to keep an engine
in motion, while B and A afcend and defcend by
turns, it is hence concluded that a fufficient gain of
force may be obtained in this manner, fo as to pro-
duce a perpetual movement, But it appears from
what has been thewn, that a motion as 2 cannot be
produced in B, by the two fucceflive impulfes tranf-
mitted from a, each of whichis as 1.

Some authors have propofed projeéts for pro-
- ducing a. perpetual movement, with a defign to re-
fute them ; but, by miftaking the proper anfwer,
have rather confirmed the unfkilful in their grnu:-lldl_—

efs
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lefs expe@ations. An inftance of this we have in
Dr. Wilkin's Mathemarical Magick, book 2. chap. 13,
A load-ftone at a (Fig. 44.) is fuppofed to have a
fufficient force to bring up a heavy body along the
plane Fa, from r to 53 whence the body is {uppofed
to defcend by its gravity, along the curve BEF, till
it return to 1its firlt place ¥ ; and thus to rife, along
the plane ra, and delcend, along the curve B E F,
continually. But fuppofing 8z E to be the furface
upon which if a body was placed, the attraction of
the load-ftone and the gravity of the body would
ballance each other, this furface thall meet BEF at
fome point & between A and F, and the body muft

itop in defcending along A E F at the point k.

C:H A P. 1IN,
Of the collifion of bodies.

I, H O’ the laws of motien and principles of

mechanics are fufficiently explained and
eftablithed in the preceding chapters, it will be of
ufe, before we proceed to apply them to fubjeéts of
a higher nature, to confider the moft fimple and

obvious motions and ph®nomena that are derived
from them ; by which they may be farther tried and
examined, and our methods of reafoning from them
juftified: and thefe are the motions which are pro-
duced by bodies impinging upon one another, which
fall frequently under our obfervation, and can be re-
peated by us in experiments. It is always from the
moft fimple kind of phznomena that we can trace
with the greateft certainty the analyfis of the laws
of nature; from which we afterwards may proceed
to fuch as are more complicated and abftrufe : but it

would be contrary to the rules of good method to
begin
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begin with the latter. It would be very prepofte-
rous, for example, in defining or afcertaining the
true notion of the imertia of body, to begin with
~ chymical experiments concerning fermentation, the
folutions of bodies by menftruums, the phnomena
of generation and corruption, or others of that com-
- plicated kind. If we fhould begin with fixing our
~ attention on thefe, we fhould be apt to alcribe to
body an a&ivity which is really repugnant to its na-
- ture. It is from oblervations and experiments con-
- cerning the fenfible and grofs bodies, that we muft
~ acquire our knowledge of the firft principles of this
fcience. The doctrine of the collifion of bodies was
very plain and clear, and deduced in a fatisfactory
manner from the laws of motion, before fome late
- authors endeavoured to cloud it, by introducing
- abftrufe notions into it, in favour of their new doc-
. trine concerning the eftimation of the forces of bo-
- dies in motion. But we fhall have no regard to
- thefe; and fhall endeavour to deduce it, in a plain
and fatisfaltory manoer, from the principles efta-
 blifhed and illuftrated in the fecond chapter.

- 2. Bodies have been commonly diftinguifhed into
. three forts, Thole are called perfectly bard whofe
. parts yield not at all in their collifions, but are abfo-
lutely inflexible; and fuch the laft elements of bo-
" dies, or aroms, are fuppofed to be, 'Thofe are
called foft whofe parts yield in their collifions, but
- reftore not themfelves again towards their firlt pofi-
‘tions: Thofe are faid to be elgffic which yield in
 their collifions, but reftore themi{clves {fo as to reco-
~ver their firlt fituation ; and they are faid to be per-
feCtly claftic, when they reftore themfelves with the
fame force with which they are compreflecd.  Tle
‘actions of perfectly hard or inflexible bodies on one
another are confummated in a moment: and, as
- O there
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there 1 no {pring, nor any force, to feparate thefn,
they muft go on together after their collifion as if
they formed one bady. But when an elaftic body is
atted on by any force or power, its parts yield at
firft, and afterwards reftore themfelves by degrees to
their firft fituations. There is a time required for
this, which may be diftinguifhed into two portions 3
the firft is the time during which the parts yield and
become more and more compreffed 3 the other is
the time curing which they reftore themf{elves to their
firlt fituations. When two fpherical elaftic bodies
meet, at firft they touch one another in a point, but
their contat gradually increafes, as the parts that
touch and prefs on one another yield, till their great-
eft compreflion: and afterwards thefe parts recover
by the fame {teps, tho’ in a contrary order, their firft
fituations., The actions of elaftic bodies may be ex-
plained by imagining fprings kL placed betwixt hard
bodies a and B (Fig. 14.); for the {prings muft have
the fame effeét in this cafe, as the elafticity of the
parts of the bodies in the other cafe, If a move
towards B and comprefs the fprings, and, by their
mediation, act on g, the fprings will become more
and more comprefled, till the two bodies have equal
velocities in the fame direétion ; and then, no force
acting on the f{prings, they will have liberty to begin
to expand themfelves; which they will do by the
fame degrees as they were comprefled, in a contrary
order : and this is the fecond period of the action of
the bodies on one another. In the firft period of the
action of elaftic bodies, or of bodies acting by the
intervention of {prings, the fame effects are produced
as if the bodies were perfetly hard. At the end of
this period the refpective velocity of the bodies is
deftroyed, and in the inftant when it ceafes the fe-
cond begins, the velocities of the bodies in the fame
direction being now equal. In this fecond period of
the
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the action of the bodies, if the elafticity is perfects
the fprings éxpanding themfclves by the fame force
with which they were compreffed, the bodies muit
- be fepatated with a refpective velocity equal to that
they had before their collifion; and whatever mo-
“tion was added to, or fubducted from, eicher body,
‘in the firft period, as much will be added to, or fub-
“ducted from it, in the fame direction, in the fecond ;
fo that there will be twice as much force loft, or
‘twice as much gained, by either, as if the bodies
‘had been perfe@ly hard.

3. The effeéts produced in the firft period of the
‘action of bodies that have an imperfet elafticity are
‘the fame as when the bodies are perfeltly elaftic;
‘but, becaufe their patts recover theif firlt fituations
-With lefs force than that whereby they were difplaced
from them, there is lefs force loft or gained in the
{fecond than in the fitft period. There is, however,
a conftant proportion obferved between what is loft
‘or fa‘ined in thefe two periods, in the fame fort of
bodies ; fo that there is a conftant proportion be-
tween their refpective velocities before and after their
collifion. 1In glafs, for example, this proportion is
‘obferved to be that of 16 to 15.

4. In foft bodies, whofe parts yield fo as not to
reftore themfelves at all to their frft {ituations, the
‘action muft be the fame as in the firft period of per-
fectly elaftic bodies, and the fame as in perfectly hard
bodies. ~ By their collifion their refpeltive velocity is
deftroyed, the smertia, or refiftance of the parts,
having the fame effet in this cafe, as their {pring in
the other. After the collifion they go on together
‘as one mafs, there being ro fpring to feparate them.
Becaufe the parts yield, in their collifions, certain

philofophers have imagined that fome force mutt be
Q@ 2 loit
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loft in producing this effeCt: but there is no motion
communicated to any one part that it can lofe with-
out communicating it to others ; a body moving in
a fluid lofes no force but what it communicates to
the parts of the fluid ; and a body aéting upon a foft
body can lofe no force but what muft be communi-
cated to the parts of that body, which therefore muft
be accumulated to the force of the whole. The
parts are indeed moved out of their firft places, but
this can produce no lofs of force ; for it is manifeft,
that if o move and firike B, (Zig. 45.) and make it
go into the place 4, and there ftrike ¢, fo that it re-
main itfelf in the place 2, all the force which a had
at firlt muft be ftill found in & or ¢, and there can
be none loft or confumed in carrying B from its firft
place B, to its laft place 4, fince a loft none but what
it gave to B, and B could lofe none, but what is
communicated to ¢. There can be no force loft in
this cafe more than if 8 had ftruck c in its firft place
8, nor would there be more force loft in B moved
twice or thrice as far before it ftruck ¢. In lik
manner, when a body aéts upon a foft body and
moves its parts out of their places, the force which
the firft body lofes is employed in moving thofe parts
indeed, by which they acquire whatever is loft by ira
and lofe none of what they thus acquire, but by
communicating to other particles ; nor is it of mo-
ment how far they are moved from their places, but
what force is communicated to them, which it is not
poflible to conceive they can lofe by merely moving
out of their places, but by acting on other particles.

5. This will ftill be found true, tho’ you fuppofe
the particles of the foft body to cohere with fom:
certain degree of force. That cafe may be explaine
by fuppofing particles, B, ¢ and p, (Fig. 46.) co-
hering by a ftring of a certain degree of ftrength,

2 | and
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and that 4 impelling ¢ changes the fituation of the
particles with refpéct to one another. 'In this cafe,
a will lofe no force which will not be all communi-
cated to ¢, but fome part, by mediation of the ftring,
muft be imprinted on B and p, and all that A lofes
and is not given to ¢, muft be communicated to B
- and p, if we fuppofe the ftring infinitely fine, or ab-
ftract from its imertia, and reckon all the force in the
fame diretion. It is true the ftring will be ftretched
by the force which is at firft imprinted on ¢, but as
¢ can lofe none but whats and b receive, there can
be no force loft from that caufe; and, if the ftring
fhould break, the only’ confequence can be, that
there will be no more force communicated from c to
B and p, after that happens. From the equality of
attion and rea&ion it follows, that the ftring alts
_equally on cand B, and on ¢ and p; fo that it adds
as much force to 8 and p as it takes from c ;' and,
as this is always true, it muft hold in the inftant
when the firing breaks, as well as before: the cohe-
fion of the particles, therefore, can be the occalion
of no lofs of force, taking in all that are affefted in
the collifion, and there appears no ground for fup-
pofing that any force is confumed, in making the
parts of foft bodies yield, but what is accumulated
to the whole mafs of body, while its parts continue
- all together.

6. Thefe things being premifed, firft let the bo-
dies'a and B (Fig. 47.) be {fuppofed void of elafti-
eity, let ¢ be their centre of gravity, and let ap and
B p reprefent their velocities before the firoke. Then
fuppofing the ftroke ‘to be direct, after it they will
proceed together as forming one mafs, and their cen-
tre of gravity being carried along with them, their
common velocity will be the fame as the velocity of
that centre, which (by § rs5. chap. 2.) is the fane

) O 3 aft.r
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“after the ftroke as before it. But while the bodies
. defcribed & p and B p before the ftroke, their centre
of gravity moves from c to p, the place where they
meet, or the one overtakes the other ; therefore the
common velocity of A and B after the {troke is mea-
fured by cp, their velocities before the ftroke being
reprefented by A p and B p refpetively. The right
line ¢ p thews the direction as well as the velocity of
their motions after the ftroke s for it is always in the
diretion from ¢ top. If » fall upon ¢, then cn
vanifhes, and their motions are deftroyed by the*
ftroke. 'This propofition {ferves for determining the
cafes when the bodies are either perfectly hard or
perfectly foft.

7. But if the bodies are perfedtly elaﬂic,Jtake CES
equal to cp in an oppofite direction ; and the velo-
~cities of a and B after the firoke, with their direc-
tions, will be reprefented by 4 and e B refpectively,
For the change produced in their motions by the
{troke, being, in this cafe, double of what it was in
the f-:}rmer, by § 23 and the difference of Ap and
cp (the change produced in the velocity of a inthe -
former cafe) being equal to the difference of cp, or
ce, and ea, it follows that the velocity of A after
the firoke is meafured by £ 4 ; and the difference of
B and cD, or CE, /2. CB, being equal to the difs
ference of c¢p and Bp, it follows, that B 1s the ve-
locity of B after the ftroke. If 8 have no motion
before the ftroke, let aB reprefent the velocity of a,
take cE equal and oppofite to c B, and E 4, E B, will
reprefent the velocities of A and B after the {troke:
in which cafe, the velocity of a before the ftroke is
to the velocity of B afterit, as AB to B, or 2 €B;
that is, as one half A B to c¢B, and therefore ( by
the property of the centre of gravity ) as half the
fum of the bodies A and B to a,

2 From
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From this theorem, ali the cafes relating to the
motion of bodies that have a perfect elafticity may
be immediately deduced.  For example, if the bo-
dies A and B be equal, then ca=ce, and fince ce=
. cp, it follows that EA=3Dp, and Ep=AD ; that is,
- the bodies exchange their velocities by the ftroke.

8. But if the elafticity of the bodies is imperfelt,
take ce (Fig. 48. n 1.) equal and oppolite to c¢p,
but ca is lefs than ca, and c 4 lefs than c¢B, inthe
fame proportion as their elafticity is lefs than a per-
fect elafticity ; and the right lines £ 2 and £ 4 will re-
prefent their velocities after the ftroke, by§ 3: be-
caufe if we diftinguifh the time in which the bodies
act upon each other into two periods, as in that ar-
ticle, the effect produced in the fecond period will be
lefs than the effet produced in the firft period, in
that ratio. In this cafe their refpective velocity after
the ftroke is reprefented by 44, and is to their re-
fpective velocity before the firoke, as 24 to a .
In glafs, Sir Ifaac Newton found this ratio to be that
of 15 to 16, as was obferved above; confequently
in determining the effect of their collifions, we are
fntake ce=+3 ca, andel=2icB.

9. If motion be communicated, in this manner,
from a body A to a feries of bodies in a geometrical
progreflion, then the velocity fucceflively communi-
cated to thofe bodies will be likewile in a geometri-
cal progreffion ; and if 4 and B be the two firft bo-
dies, the common ratio of the velocities will be that
of half the fum of A and B to a ; that 1s, if the bo-
dies 4, B, be reprefented by the right lines o4 and
0b, (Fig. 48. n. 2.) and abd be bifected in e, the
common ratio of any two {fubfequent velocities in
the progreflion will be that of ¢etoea ; and if #

O 4 repre-
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reprefent the number of bodies without including
the firft a, the velocity of the laft will be to the ve-
locity of the firit, as the power of oa whofe expo-
nent is # to the fame power of oe. « 8

10. Any three bodies being reprefented by oa,
0b, and od, take of tood, as ea is to ob 3 then
fuppofing the motion to begin from the firft o4
(which was fuppofed to firike o0& quiefcent, and o0&
afterwards to flrike o4 quiefcent) the velocity com-
municated, in this manner, to the third fhall be to
the velocity of the firft, as o4 is to one fourth part
of the fum of oa, 0b, of and vd. For the velo-
city of the firft o 2 is to the velocity of the fecond 04,
as the fum of ¢z and 04 to 204 ; the velocity of 0
is to that of od, as thefum of o4 and 0d to 205
confequently the velocity of the firft 04 is to the
velocity of the third o4, in the compound ratio of
oatob to20aand of eb+odto 2 0b, thatis,(fince
0a, ob, of, od, are proportional, fo thateeis too?,
as oad-of toob4od, and 0atobto 0b, as the fum
of va,0b,0fand 0d to 0b4o0d) as the fum of oaq,
0b, of and 0d is to 40a4. Hence the velocity of
o a being given, the velocity communicated to o4 is
inverfely as the fum of ¢a, 04, of and od, and is
greateft when this fum is leaft ; that is, if 02 and od
be given, when o0& and of coincide with each other
and with o & the mean proportional between o4 and
od. Therefore the velocity communicated to od is
greateft when 02, the body interpofed between oa
and o4, 1sa mean proportional between them, This
1s one of Mr. Huygens’s theorems 3 from which it
follows, that the more -fuch geometrical mean pro-
portionals are interpofed between o4 and od, the
greater 1s the velocity communicated t6 ¢d.  There
is, however, a limit which the velocity communi-
cated to od never amounts to, (the bedies o, 04,

and
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and the velocity of 04 before the ftroke, being given)
o which it approaches continually, while the num-
‘ber of {uch bodies interpofed between ¢4 and od is
ﬂlways increafed. And this limit is a velocity which
s to the velocity of the firft 02 before the ftroke, in
the fubduplicate ratio of o4 to 0d; as we have de~
mnnﬂrated n our ﬂﬂmam, § 514,

11, The fame principles will ferve for determine
ing the effeéts of the collifions, when a body ftrikes
any number of bodies at once, in any direttions
whatever, Let the bodies firft be perfectly hard and
wvoid of elafticity, and the body ¢ (Fig. 49.) moving
in the direftion cp with a velocity reprefented by -
cp, ftrike at once the bodies a, B, £, e, thatare
{uppofed at reft before the ftroke, in the direétions
CF, CH, CcK, {J¢, in the fame planc with ¢p, and
18!: pa, Db, me, be perpendicular to c F, ¢ H, CK,
in a, &, and e, refpettively, Determine the point
P where the common centre of gravity of the bo-
' dies ¢, a, B, £, &¢c. would be found, if their cen-
tres were placed at the points c, 4, 4, e, &e. re-
fpectively, (by § 13. chap. 2.); join DP, and cL
parallel to p p fhall be the direction of the body c
aiter the ftroke. Let pr, perpendicular to pp, meet
bD nr, and p1, perpendicular tocD, meet cL in

s then if c L be divided in G, {fothat cc be toct
in the ratio compounded of that of cp to cr, and
that of the body c to the fum of all the bodies, the
velocity of ¢ after the ftroke will be reprefented by
¢ ¢ that is, the velocity of c after the ftroke will
be to its velocity before it, as cG is to ¢p. Tuet
cf, Gb, and c £ be refpettively perpendicular to
cF, cHy and ¢k, in f, b, and k3 and the velo-
cities of a, B, and u, after the (iroke, will be repre.
fented by ¢ f, cd and ck,.

But
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But if we now fuppofe the bodies to be perfectl
elaftic, or the relative velocities, before and after
the ftroke, to be always equal when meafured on the
fame right line; produce pe till pg be equal to
2 D@, join cg, and the body ¢ will defcribe c g af-
ter the {troke, in the fame time that it would have
defcribed a right line equal to c¢p, before the ftroke.
“And, in like manner, the motions are determined
when the elafticity is imperfect, if the relative velo-
city after the firoke is always in a given ratio to the
relative velocity before it in the fame right line.
Mr. Bernouilli has refolved only a very limited cafe
of this problem, in his £ffzy on motion, Paris 17263
for he fuppofes the bodies to be perfectly elaitic, and
that, for each body on one fide of the line of direc-
tion ¢ p, there is always an equal body on the other
fide, that is impell’d in a right line forming an equal
angle with ¢ p 3 fo that the body ¢ moves with the
fame direction after the ftroke as before. The folu-
tion of this particular cafe, (which he reprefents as a
matter of uncommon difficulty, and magpnifies as the
fruit of the new doctrine concerning the forces of
bodies) he derives from this principle, ¢ that the
fum of the bodies multiplied by the {quares of their
velocities is the fame before and after the {troke;’*
which principle, however, had never been demon-
ftrated by him; for it cannot be confidered as an
immediate confequence of the equality of acion and
re-action, as he too haftily concluded, by what was
fhewn above. But the folution of thefe and other
problems of this kind is derived, in a natural eafy
and general manner, from the laws concerning the
fum of the motions of a fyftem of bodies eftimated
in a given direction, and concerning the motion of
their centre of gravity, which is never affeted by

their collifions,
g ¥
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. x2. The fame things being fuppofed as in § 7.
:bccauﬁ: cE=cD, (Fig.47.) it follows that ap*—
JAE®*=—4 CEXCA and that EB*—BD? =4 CEXCB.
‘But AX4CEXCA=BX4CEXCE, by the property of

‘the centre of grawty c: therefore AxXaADp*~—AXAE®
=—BXEB*—BXBD?*, Of AXAD®>-BXBD*==AXAE"
}BxEB*; that is, when the bodies are perfectly
selaftic, the fum anﬁng when each is multiplied by
ithe fquare of its velocity, is the fame after the firoke
‘as before it. = The fame things being now fuppofed
‘as in the laft article, let po. g9, fm, bn, kr, be
.perpendiculars to c G, inQy ¢, m, #, and r; then
‘the reétangles contained by c¢m and ¢ 6, c¢# and
‘€6, cr and ce, will be refpeCively equal to the
Aquares of c f, cb and ck. If the bodies ¢, a,

B3 E, be fuppofed to have no elaflicity, their velo-

- cities after the ftroke will be reprefented by cc, cf,
¢ b and c £, the velocity of ¢ before the (troke being
_reprefented by e p, becaufe, in this cale, no relative
velocity is generated by the ftroke in their refpective
_directions ; and the fum of axcm, Bxcn, excr 18
~equal to ¢ xXGq, becaufe the fum of the motions
“which would be communicated to a, B and g, in the
“direc¢tion ca, 18 equal to the motion which ¢ would
lofe in the fame direétion, by § 4. chap. 2, There-
fore the fum of axef®, Bxch®, exck® is equal
.zo cxcexeq s and to thefe if we add cXcc?, the
fum of all the bodies multiplied by the fquares of
. their velocities in this cafe would be cxcexcq. But
- when the bodies are fuppofed to.be perfeétly elaftic,
 the velocities of a, B and &, are to be reprefented
by 2¢f, 2ch, and 2 ¢k, refpetively ; the fum of
Paxact?, Bx4cb“ and EX 4ck?, 18 equal to
ex4cexXcq or (Elem, 8.2.) cxcQ®—cxcg*; to
which if we add excg® (or excg*+4cxpe?) the
whole fum of the products, when each body is mul-
tiplied
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tiplied by the fquare of its velocity, is equal to ¢;
cp? ; and confequently the fame after the ftroke

it was before the ftroke. 'When therefore the bodies
are void of elafticity, this fum is lefs after the ftroki
than before it, in the ratio of coXcq to cp?, ora
¢6 to cL, L being the point where Lp perpendicu-
lar to c¢p meets cc. And when the bodies a, B, E,
move, before the ftroke, in direttions different frot
thofe in which c aéts upon them, the propofitio
will appear by refolving their motions into fuch :
are in thofe directions (which alone are affeéted

the ftroke,) and fuch as are in perpendiculars to th
direttions, from Elem. 4%. 1, This propofitio
likewife holds when bodies of a perfett claftici

ftrike any immoveable obftacle as well as when th
ftrike one another, or when they are conftrained, by
any power or refiltance, to move 1n directions dif-
ferent from thofe in which they impell one another,
But it is manifeft, that it is not to be held a genera
principle or law of motion, fince it can take place in
the collifions of one fort of bodies only. The fola-
tions of fome problems which have been deduced
from it may be obtained, in a general and direét
manner, from plain principles that are univerfally
allowed, by determining firft the motions of hard
bodies, which are fuppofed to have no elafticity, and
thence deducing the folutions of other cafes, when
the relative velocities before and after the ftroke are
equal, or in any given ratio, i |

13. From what was thewn in the laft article, we
are led to the principle, which, by Mr, Huygens, wasg
called the confervatio wis afcendentis. It 1s well
known, and was proved in § r1. chap. 1. that the
heights to which bodies will rife againft the dire&
refiftance of an uniform gravity are as the fquares
of the velocities with which they fet out. :In'the laft |

3 article
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article we found that the fum of the produéts, when
the bodies are multiplied by the fquares of their ve-
locities, is the fame after as before the ftroke ; pro-
r:qu:lcn:l the bodies be perfectly elaftic. 1If, therefore,
‘we {uppofe the motion of the bodies to be turned
Enpwar s in vertical lines, the fum of the produéts
nﬁ’hcn each body is multiplied by the height to which
‘it would arife is the fame after as before the firoke.
‘But by the property of the centre of gravity, in §

15. chap. 2. the fum of the produéts of the bodies
multlphed by thofe heights is equal to the product of
‘the fum of the bodies multiplied by the hucrht to
‘which their centre of gravity would arife. There-
fore when the motions of bodies are fuppofed to be
converted upwards in vertical lines, before or after
their collifions, their common centre of gravity will
- always arife to the fame height ; and that is what is
~meant by Mr. Huygens when he tells us the wis
'fendem of any fyftem of bodies is not affected by

eir collifions or mutual actions, provided they be
perfectly elaftic ; for if they are foft bodies, or have
an imperfect ela{hclty (which indeed is the cafe of -
all bodies we have accefs to examine,) then it is ob-
vious that by their collifions their motions are often
 diminithed, and fometimes totally deftroyed; fo
~ that the centre of gravity will neceflarily arife to a
fl)efs height after their collifion than before it, if the
5mut1un5 of the bodies be fuppni&d to be converted
upwards in vertical lines.

~ 14. When bodies are moved by their gravity, and
* at the fame time aé& upon each other, it will ftill be
. found, that the fum of the produéts that arife when
.~ each bﬂd}" is multiplied by the fquare of the velocity
-~ acquired by it, is equal to the difference of the fum

af the products of thofc that defcend muldplied by
. the
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the {quares of the velocities that would have beeri
acquired by the fame defcents, if the bodies had
fallen frecly without acting upon each other, and of
the fum of the products of the bodies that afcend
multiplied by the fquares of their refpective veloci-
ties that would be acquired by falling freely along’
the refpective altitudes to which they have arifen ;
. provided that the elafticity of the bodies be perfett;
or if it be imperfect, that there be no collifion, of
fudden communication of motion from one body ta
another, For if the relative velocities in their re~
fpective direGtions be lefs immediately after that
action than before it ; in thofe cafes, the fum of the
produéts of the bodies multiplied by the fquares of
their velocities will be lefs than it would have been
if the bodies had defcended freely from the fame res
fpective altitudes; and if the bodies be fuppofed to
~alcend with their refpective velocities at any time,
and their motions be retarded by their gravity only,
the common centre of gravity will not afcend to the
fame level from which it defcended ; as we have
thewn at length in our Treatife of Fluxions, from

§ 521 t0533.

15. The true general principle on this fubject, is,
that when any number of bodies, moved by their
gravity, are connected together in any manner fo as
to at upon each other while they move, the afcent
of their common centre of gravity, in their vibra-
tions or revolutions, will be always found to be
either equal to its defcent, or lefs than it, but never
to exceed it. And, from this principle, the impof-
fibility of a perpetual motion is juftly derived.  For
it appears, that, in fuch vibrations and revolutions,
the fuccefiive afcents of the centre of gravity muft
continually diminifh, in confequence of the attri-

- tion

rad
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fon of the parts of bodies, and the refiftance of the
edium 5 fince the alcent of the centre of gravity
heing never greater than the defcent (tho’ often lefs
than it,) there can be no gain of force to overcome -
hofe refiftances. All motion, therefore, muft be
bated and gradually languifh in our mechanical en-
sines, unlefs they be fupplied by new and repeated
nfluences of the power.

e

~ 16. It is very well known, that, when allowance
is made for the defeét of elafticity in bodies, for at-
tion, and the refiftance of the medium, thefe con-
ufions are perfeétly agreeable to experience; and
therefore ferve to confirm the general laws of motion
with their corollaries, and our methods of reafon-
ing from them,

R R A P Y,

Of the motion of projectiles in vacua s of the cycloid,
i and the motion of a pendulum in it *,

LEMMAZ I

t--‘-‘v;

s

 Suppofe the motion of a body to be uniformly ac-
%lerated; let the time be reprefented by the right
ine A M, (Plate IV, Fig. 1) and any part of it by
A K, draw M N, K & perpendiculars to A M in M and
K, and A v interfecting them in ~ and L : then the
welocities acquired in the times A m, 4 k, reckoned
:'from the beginning of the motion, will be as the

* * To render the fecond book more complete, we have added
this fupplement, from two pieces which the author ufed to give
his fcholars. The fubftance of them is taken from the learned
Mr, Cotes’s tratls, printed at the end of his Harmonia Men-
| furarum. '

pers
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perpendiculars M N, k1, but the fpaces defcribed ify
thefe times will be as the areas aAmw, Ak L. ,

This propofition has been demontftrated elfewhere 3
but we fhall here add the proof that is commonly
given of it, by the method of indivifibles. :

Since the motion of the body is fuppofed to be
uniformly accelerated, that is, to receive equal in
crements of velocity in equal times, the velocities
acquired will be always proportional to the times
fo that if m ~ reprefent the velocity acquired in the
time a M, it follows, becaufe AM:AR::MN:KL
that x L will reprefent the velocity acquired in tha
time Ak, After the fame manner, the wvelocities!
acquired in the times aB, ac, ap, &¢. will be
reprefented by the perpendiculars 3 &, ¢ F, DG, e,
- refpectively. |

The fpace defcribed by any uniform motion is as
the rectangle contained by the right lines that repre-
fent the velocity and the time : therefore the fpaces!
defcribed in the times A B, B¢, cD, DH, ¢ with
the velocities B E, CF, D G, H1,.£Fc. are as the re&-
angles AE, BF, cG, DI, & and the fpaces de-
{tribed in the whole time A kK as the {um of theft
rectangles. That the motion may be uniformly and
continually accelerated, fuppofe the number of the:
parts A B, BC, cD, &¢. into which the line Ak i
divided, to be increafed /% infinitum, and the fum o
the rectangles A &, BF, cG, &¢. will become equ
to the triangle Ak L. Therefore, in a motion uni-
formly accelerated, the fpaces defcribed in any times
AK, aM, from the beginning of the motion, are as
the areas AKL, AMN. 4

C e:ra{.'
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Corol. 1. The {pace defcribed by a motion uni-
formly accclerated, in any time, is half the fpace
that would be defcribed, in the fame time, by an
uniform motion with the velocity acquired at the end
of that time.

The fpace defcribed by a motion uniformly acce=
lerated, in the time A k, is reprefented by the tri-
angle ax L ; the fpace that would be defcribed by an
uniform motion, 1n the fame time, with the velocity
K L, is reprefented by the rectangle contained by ax
and kL, but the triangle a k L 1s half of that reét-
angle ; and the propofition is manifeft,

Corol. 2. The fpaces defcribed by a motion uni-
formly accelerated, are as the fquares of the times
from the beginning of the motion ; for thofe fpaces
are as the fimilar triangles A x L, aAM n; whofe ho-
-mologous {ides A kK, am, reprefent the times. For
the fame reafon, the fpaces are alfo as the fquares of
(x L, MN.) the velocities acquired at the end of
thofe fpaces:

Coral, 3. If the accelerating force is fuppofed to
be greater or leffer in any given ratio; the velocities
generated by it, in a given time, will be increafed or
diminithed in the fame ratio.  And in any times, the
velocity generated by this force, will be to that ge-
nerated by the former, in the compounded ratio of
the forces and of the times,

Corol. 4. The fall of heavy bodies, either perpen-
dicular or along inclined planes, being a motion uni-
formly accelerated; the preceding Lemma and its co-
rollaries may be applied to them.

p L E M-
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LEMMA 1. Fig. 1L

If two heavy bodies fall from reft at c to the ho-
rizontal line A B, one in the vertical cB, and the
other along the inclined plane c a; the time of de-
fcent from c to B, will be to the time of defcent from

c to 4, as ¢ B to ca; and the velocities acquired at
B and A will be equal.

For let the force of gravity by which the body
defcends in the vertical cB, be reprefented by c B,
and refolved into the forces B p perpendicular to c a,
and cp; the other body is urged along the ‘inclined

lane by cp only. Therefore the accelerating forces

y which the bodies defcend in the vertical ¢ B and
along the inclined plane c a, are reprefented by c B
and cp. The fpaces defcribed in equal times, by
the uniform continued action of any forces, are in
the fame ratio as thofe forces: therefore the bodies
will fall from ¢ to B, and from ¢ to p, in equal
times. But the time of defcent from c to p is to
the time of defcent from c to a (by Cordl. 2. and 4.
Lem, 1.) in the fubduplicate ratio of ¢p to c a, that
1s, (becaufe cp, cB, ca, are in continued propor-
tion) in the ratio of cp to ¢ce, orof cB to ca,

Again, the velocities generated in the falls are n
the compound ratio of the generating forces, and of
the times of their generation (Corol, 3. Lem. 1.)
that is, in the prefent cafe, in the compound ratie

of catocs, and of cB to ca; which compound
ratio is that of equality.

L E M-
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LEMMAA 1L

Upon the fame horizontal plaﬁe let there be
' taifed another plane ca, whofe elevation is ¢33
‘from c draw c1 parallel to ¢, meeting B4 in 1,
~and from g the line B d perpendicular to c1.  Then
cB reprefenting; ag before, the conftant force of gra-
-v:ty, cp, ¢4 will reprefent the accelerating furces
‘along the planes c a and (c1 or) ca; and their ratio
be:nn' compounded of thofe of cp to ¢, and of
' €B to cd, thatis, of cB to ¢a, and (c1 to cB or)
£a tocB; It fu]lcws that thole ac{.elemtmﬂ’ forces
' are direCtly as the elevations of the planes, ¢ B, ¢B,
- and inverfely as their lengths ¢ a, ca.

Corol, 1. Compound now thele three ratios ; that
‘ofcato C B, of v ¢cBto v, andof ¢B to ¢a,
their fum gives the ratio of the times of falling thro
"ca and ca, being the direct ratio of the lengths ca,
ca, and the mverﬁ: fubduplicate of the elevations
" CB, Or ¢B,

Corol. 2. The velocities acquired being as the ac-
t:eleratlng forces and the times in which they aét
‘ecompound the ratio of thefe found in the prt:r:r:dmg

Lemma and Cotollary, and there will refult that of
_the velocities, viz. the dire@® fubduplicate of the
“elevations ¢ B, ¢B.

.-r

Corol. 3. Hence likewife it is inferred, that if
ﬁFxg IIL.) a body fall from reft at ¢, to a in the ho-
1izontal line a B, along any number of planes c b,
DE, E A, inclined to each other any how, as at p and
E, the velocity at a will be the fame as if the body

thad fallen in the vertical ¢ 8; abfiralting however
P2 from
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from the lofs of velocity that happens by its impulfes
at p and E, upon the contiguous planes,

That multiplying the number of planes from c to
a, till the path of the body becomes curvilinear,
the velocity at o will be accurately the fame as in the
perpendicular fall ¢ B,

And laftly, that if a feries of planes, ¢d, de,
&c. fimilar and fimilarly itvated to the former, or
two {imilar and fimilarly ficvated arcs of a curve, b
the path of the body; the velocites will be as th
lengths of the paths ; and the times in the fubdupl
cate ratio of thofe lengths, of the heights ¢, ¢#&
or of any two homologous lines belonging to the
figures,

Corol. 4. Yet ap (Fig.IV.) be the diameter of a
circle touching the horizontal line in a3 c a, fﬂﬂ

any two chords drawn to a. Then, if bodies defcend:
by the force of gravity along thefe chords, the times
of defcent will be equal ; and the velocities will be;
proportional to the chords ca, ¢ a.

For, joining nc, pe¢, and making c g, ce, per-
pendiculars to the diameter; becaufe the triangles
Dca, EcA are imilar, as alfo pca, eca; 1t 1S
eafily thewn, that c A is to ca in the fubduplicate
ratio of the elevations A, A e : and this compounded
with the {fame ratio inverted, gives the ratio of equa-
lity 5 which, by Corol. 1. is that of the times.

And, by Coral. 2. the velocities are in the fubdu-
plicate ratio of AE to a ¢, or that of ca to ¢ a.

1. Of



Chap: 5. PuiLosoPHICAL DiSCOVERIES 2172

1. Of the motion of projefiiles.
PROPOSITI'ON L. "5z V.

 The line defcribed by a beavy body, thrown in any
direclion not perpendicular to the horizon, is a parabola.

Suppofe a body projected in the diretion a p,
with the velocity it would have acquired by falling
from B to a, the body, by that force alone atting
upon it, would uniformly defcribe the right line 4p ;
and any part of the line of direction, as am, repre-
fents the titme in which it would be defcribed,

Suppofe that the force of gravity, acting alone,
would have, in the fame time, carried the body from
4 to p; compleat the parallelogram a e mH, and,
at the end of the time reprefented by a u, the body
will actually be found in M. Since, by the firlt Co-
rollary of the firft Lemma, the time in which the body
falls from B to a is the fame in which it would de-
feribe 2B by an uniform motion, with a velocity
equal to that acquired at a, therefore that time will
be reprefented by 2 a B. ' But the time in which the
body would fall from a to p being reprefented by
ad, it follows, from the fecond Corollary of the
fame Lemma, that Ap: AB:: AH®*:4AB*, and 4 ABX
ap—an*=pm*: from which it appears that the
point M is a point in the Parabola whofe diameter is
A p and vertex A, having the parameter of that diz-
- meter equal to 4 AB,

Corol, 1. Tt 1s evident that the line au is a tan-
gent to the Parabola in A, becaufe it is parallel 1o
the ordinate pM,

¥ Corol,
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Corol. 2. Since 44 B is the parameter of the dia-
meter A p, it follows that the parameters belonging:
to the vertex a of the diameter A p are always in the
duplicate ratio of the velocities of the projettion,
the fpace 4B being always as the fquare of the velo-
city acquired by falling from B to a. It follows alfo
that the parameter of a p is the fame when the velos
city of the projection is the fame, whatever the di-
re€tion an of the projectile be.

Corol. 3. If from A as centre you defcribe the
femicircle B o 1, its circumference fhall be the locus
of all the foci of the parabolas that can be defcribed
by a projeétile thrown from a, with the velocity it
could acquire falling from B to A : for, by a known
property of the parabola, the diftance of the focus
from a is always equal to } of the parameter of the
diameter that pafies thro® 4 : thatis, to L of 4 A&
or to a itfelf; all the foci muft therefore be found
in the femicircle B QL.

Corol. 4. Hence it is eafy to determine the para-
bola defcribed when the direction of the projectile is
given; for you need only draw aF fo as to make
the angle r A p equal to the given one pa B, which
the direction ap makes with the perpendicular a B,
and the point r where A r cuts the femicircle B Q_L
fhall be the focus required ; and, if you draw thro’ ¢
the line r N parallel to aB cutting the dire@rix BE
n N, it thall be the axis, and 1, the middle point
betwixt r and wn, fhall be The vertex of the parabola,
4 F1 being the parameter of the axis,

Corol, 5. If you draw a line thro’ the wertex 1
paralicl to the direfirix, meeting 4 B in ¢ it muft be
bile¢ted by the line of dirgtion in p; and if you*

‘ e
i
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draw a line from the focus r, to p, it will be perpen-
dicular to the tangent, and will pafs thro’ B if pro-
duced, as appears from the properties of the para-
bola: and therefore a femicircle defcribed upon a g
as diameter will always pafs thro’ the point p, where
the line of direction cuts c 1 the tangent to the ver-
tex of the parabola,

Definition. If you draw a line thro” the point a,
parallel to the horizon, cutting the axis in o and the
parabola in k, then Ak is called the emplitude of

the parabola.
RO PO 81 PO N L

The amplitude of any parabola is always equal to
Sfour times the fine of double the angle which the line of
direflion makes with the wvertical, taking the balf of
A B for radius,

" For AK=2A0=2cCI=4cD; but Ak is the am-
plitude of the parabola, and cp is the fine of the
angle p ¢ 8, which is the double of B abp, if you

takg 6B (=% A B) for radius.

Therefore the amplitude is equal to 4 times the
fine of double the angle B A p, which the vertical

makes with the line of direftion.

Corol. 1., The velocity of projettion being given,
- the amplitudes are to one another as the fines of

double the angles of inclination,

Coral. 2. If the angle ® A p does not exceed 45°,
then it i1s plain that the more acute that angle is, the

amplitude Ak muft be the lefs; fince the fine of
P4 double
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double that angle muft become lefs, and the ampli-
tude is equal to four times the fine.

‘When the angle B A p vanifhes, then the parabola
A 1k coincides w1th the ftreight line a4 B ;3 and the
projeile, inftead of deﬁ:rlbmg a curve, will only
rife to B and fall again to a.

On the other hand, the more the angle 8 a p ap-
proaches to 45°, the line ¢ p, which is the fine of
double that angle, becomes the greater: and there- -
fore the amplitude ax, which is quadruple of that
fine, muft alfo become the greater.

Corol. 3. When the angle B A p becomes 45 °, the
points 7 and o fhall fall on the point ;. where the
{femicircle B o L cuts the horizontal line 4 x 3 the f{ine
c¢p of double B A p becomes now the fine ﬂf 90°%,
and therefore is equal to the radius ¢ a,

But fince the radius is the greateft fine, it is plain
that now the amphtude ax is the greateft that can
be dﬂﬁ:nbcd by any prn}r:&lle thrown from a WLEh a
velocity which it would have acquired by falling from
B to 4: and this greateft amplitude is always double
of B A ; for sk in this cale isequal to 4 Ac=2 a B.
Hence it appears, thatif you throw a body in a di-
reftion that makes an angle of 45° with the hori-
zon, 1t will be carried farther on the horizontal line,

t‘uan if you threw it with the fame force in any other
dn‘fﬂmn

Caraf 4. When the angle B A p is greater than
45 °, then according as it approaches to a right angle,
the parabola becomes more and more open, but the
:amphtudes ak decreafe as the angle 3 a D mcrcafes,

for
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for Ak=4 cD, and ¢ p muift, in this cafe, decreafe
according as B A D increafes,

If of two directions ap and a 4, the elevation of
the one exceeds that of 45° as much as the eleva-
tion of the other wants of it, their amplitudes will
be equal ; for the fines of double thefe angles muft
be equal, becaufe they are fupplements to two right
angles, to one ancther: but the amplitudes of the
parabolg are always quadruple of thefe fines, and
therefore they muft alfo be equal to one another.
That the duubles of thefe angles are fupplements to
one another appears thus: let their difference from
45° be called a, and the greater fhall be 45°+a,
the lefler 45°—a, their doubles fhall be go°42 A
and go°—a2a4, which are fupplements to each other
becaufe together they make up 180°.

Corol. 5. When the angle 2 Ap becomes a right
angle, then a B becomes the axis, and a the vertex
of the parabola, cp vanifthes, and ak becomes
=0,

Corel. 6. When the angle 8 Ap becomes greater
thin a right one, then the curve defcribed fhall be
only a purtmn of the parabola that we have confi-
dered in the preceding corollaries, lying on the other

fide of a,

Corol. 7. 1f there is given the impetus or velocity
wherewith the projectile is thrown, and the angle of
elevation, or its complement B A ,'you may find
the amplitude A x, and the altitude of the parabola
defcribed by this projection. For feeing the ampli-
tude of 45° 1s 2 a3 (which is the linc that always
exprefles the velocity, fince by falling thro’ it the
velocity is acquired) you may fay as the radius igﬂr

ne
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fine of 90°) is to the fine of double the angle Ba ¢,
fois 2 A B to ak the amplitude fought, (by Cor. 1.)3
the amplitude being found, you may find the alti-
tude by faying, as the radius is to the tangent of the
angle of elevation, fo is cp (=3aK)to ac the altis
tude fought. ' }

Corol. 8. If you have given, the amplitude a x,
and the angle of elevation p A Kk, you may find the
impetus neceffary to defcribe a parabola that fhall
have that amplitude, by this proportion 3 as the fine
of double the angle of elevation, is to the radius,
fo is one half of the given amplitude to a B, the
fpace thro’ which a body muft fall to acquire the ne-

ceffary impetus. :

Corol. 9. 1f the impetus and amplicude be giveny
the dire@tion may be found by this rule. Firft find
AB, by falling thro* which the given impetus may
be acquired ; then fay, as the double of this line to
the given amplicude, fo is the radius, to the fine of
double the angle of elevation, and this angle or itg
complement will fatisfy the problem. '

PROPOSETION I Fy, VL -

A projetiile thrown in the dire@ion a E, with the
velocity it would acquire by falling from B to A, will
Jfirike any line AN inx, fo that ax fball be equal to
4¢D: fuppofing ac perpendicular to the line a N, the
angle G B A=G A B, and that the circle defcribed from
G as centre, with the radius A, cuts the direiiion A &
in D, and that DC is parallel to AN, meeting A B in c.

For it is plain that the angle apc¢ (=p ak)
=D B A, by Eucl. 32. 3. and that confequently the
tri=
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triangles Apc, ApB are fimilar, having the angle
at A common, and the angle ADc=a BD; therefore
AC:AD::AD:AB:: (becaufe of the fimilar tri-
angles Acp, PAK) aAP:PK :: ( by the property of
the parabola) px:4 A B, therefore A p=21pPK, and
gonfequently c p=% A K, or AK=4CD.

Corol. 1. Draw thro’ p a parallel to A 2 meeting
the circle in 4, and draw ad; then will the pro-
jectile thrown in the direction a 4 ftrike the line a n
in the fame point x ; for cp=cd.

Corol. 2. Let u1, parallel to 48, touch the cir-
cle in 1, then fhall A u be the dire€tion which will
carry the projetile fartheft on the line A v s becaufe
when D comes to u, then cp is the greateft it can
poffibly be, and confequently ax (=4cp) is then
the greateft diftance the projettile can be carried to,
on the line an, by the velocity acquired by falling
from B to a. But it is plain that the angle na n=
H B A—H a B, therefore the dire€tion A u bifeéts the
angle & o y which the line AN makes with the ver-
tical A B.

Corol. 3. The lines A p, A 4, make equal angles
with A 5, dlfo the angle pa N=4d A 8; and when
thefe angles are equal the diftance a x is the fame.

Corol. 4. When ax 1s given and the diretion is
required, take ar=% of Ak, and thro’ r draw
R D parallel to a B, meeting the circle in p and 45
then draw A p, A d; and thefe will be the direc-
tions *,

* See more on this fubjeft in Mr, Gray’s treatife of Gumnery,
London 1731. |

1L
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:]_‘I._ Of the cycloids and the motion of & pendulum

in it

Definitions. 1f the circle ¢ p u (Fig, VIL,) roll on
the given ftreight line aB, fo that all the parts of
the circumference be applied to it one after another,
the point ¢ that touched the line A B in 4, by a mo-
tion thus compounded of a circular and rectilineal
motion, will defcribe the curve line A c £3 which is
called the ¢ycloid. - The ftreight line A B is called the
bafes the line £ ¥ perpendicular to 4 B, bifecting it |
in F, the axis; and the point & the wverfex of the
cycloid. The circle by whofe revolution the curve
line is defcribed, is called the generating circle. The
line ck parallel to the bafe A B, meeting the circle m
c and the axis in g, is called an ordinaze to the axisy
and a Jine meeting the curve in one point, that pro-
duced does not fall within the curve, is called a zau-
gent tq the curve in that point. 3

TR O ED S TN T

Oy the axis EF deferibe the generating circle & 6 F,
mecting the ordinate c X in G and the ordinate will
be equal to the fum of the arc EG and its right fine
GkK; I fay, cK=EG+GK,

It is plain, from the definition, that the line Ao B
is equal to the whole circumference of the gene-
rating circle, and therefore A ¥ muflt be equal to the
femicircumference ec r. It i1s alfo obvious, from
- the defcription of the curve, that the arc ¢ p is equal
to the line 4 p, and confequently the arc cu equal
to DF Or 1K or ¢ G3 but the arc cu is equal to the
arc Ec ; therefore g is equal to the arc Ec, and

4 the
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the ordinate ck (=cc+4c k) muft be equal to the
fum of the arc ¢ and the right line k.

PROP O SIEILON 1L

The line c v, parallel to the chord £G, is a tangent
20 the cycloid in c.

Draw an ordinate ¢ £ very near c x, meeting the
curve in ¢, the arcle in g, and the axisin k: let c#
and G #, parallel to the axis, meet the ordinate ¢ £ in
# and n 3 and from o the centre of the circle £c F,
draw the radius oc. Since ck=eg+gk, therefore
cu—=cg-+gn; and if you fuppofe the ordinate ¢ £ to
approach to the ordinate ck, and at length to coin=
cide with it, as g and ¢ # vanifh, the trlangles
cgn and c ok become fimilar, whence cg:gn:
0G:0K,andGg-tgn:gn: :0G+OK(=FK):0K 3
but cn:gn::cx:0K, therefore cg4gn:can:
FK:GK::GK:EK; and confequently c#:cu::
GK:EK 3 and if you draw the chord c¢, the tri-
angles c#¢, exc will be fimilar; fo that the chord
c ¢, as the points ¢ and ¢ coincide, becomes parallel
to £c : therefore the tangent of the cycloid at ¢ is
parallel to EG.

PR PO SO EOINCJIL

Tbe arc of the cycloid & v 15 double of the chord Em
of the corre/ponding arc of the gemerating circle EMF.

Let kL and % s be two very near ordinates of the
cycloid, meeting the generating circle’in m and Qs
produce the chord & m till it meet the ordinate £s in
P ; let o be the perpendicular from qon mp ; then
drilw the lines En and MmN, touching the circle in E
and M,

Becaule
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Becaufe the triangles £ n M, P QM are fimilar, and
EN=NM, therefore p s equal to QM ; and the tri-
angle pqum being ifofceles, the perpendicular o
bifets the bafe pm 3 fo that mp is double of mo:
but, by the laft propofition, Ls is parallel, and con-
fequently equal, to m P, and L s is equal to 2 mo.
The line L s is the increment of the curve eL, gene-
rated in the fame time that the chord E m increales
by m o, fince £ _1s equal to xo, when the points g
and M come togecher: Therefore the curve increafes |
with double the velocity that the chord increafes; |
and f{ince they begin, at &, to increafe together, the |
arc of the cycloid e will be always double of the
chord £ M. -

Corol. The femi-cycloid LB is equal to twice
the diameter of the generating circle, & 7 ; and the
whole cycloid 4 ¢ £ B is quadruple of the diameter
E F.

PROPOSITTON W

Tet 5 v be parallel to the bafe A B, and cr paral-
lel 20 the axis of the cycloid 3 and ithe [pace Ec Ry
bounded by the arc of the cycloid & c and the lines R |
and » c, fhall be equal to the circular area G k.

Draw c7 parallel tocr 3 and fince c#:cu::6k: |
EK ; therefore ExX c#=cK X c#, and confequent- |
ly R¥XCR=GK XK k: therefore the little fpace |
crre=ck kg Sothat the areas Ecr, Gk in- |
creafe by equal increments ; and fince they begin to |
flow together, - therefore they muft be equal, {

Corol, |
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Corel. 1. Let aT, perpendicular to the bafe a s,
meet ER in T, and the fpace & TA c £ will be equal
to the femicircle EG F.

Corol. 2. Since aAF is equal to the femicircumfe-
rence EG F, the reftangle eraT, being the reftan-
gle of the diameter and {emicircumference, will be
equal to four times the femicircle Ec F : and chere-
fore the area ec A will be equal to three times the
area of the generating femicircle 6 .

Coral, 3. If you draw the line £a, the area inter-
cepted berwmt the cycloid £ c A and the ftreight line
£a will be equal to the femicircle® 6 F “or the
area ECAFE is equal to three times ecr, and the
triangle EAF=AFX L EF the rettangle of the femi-
«circle and radius, and confequently equal to 2&6G F 3
therefore their difference, the area rcaE, 1¥ equal
t0 EGF.

PROPOSITRAON ¥,

Take tb=0k, draw bz parallel to the bafe, meet-
dng the generating circle in X, andthe cycloid inz, and
join cz, ¥x: then fhall the area c ZE ¢ be equal to the
fum of the triangles G FK and JFX.

Draw z 4 parallel to the axis r, meeting ET pro-
duced in 4, and the trapezium r ¢ zd will be equal

t0 3 CRe}-+Zd X Rd= (becaufe Zd—=rb=0K) OE
XRd. But Rd=RE+4Ed=cK+4)Z=CC+4GK+EX
+ 4 x ; therefore the trapezium rczd 1s equal to
the fum of the rectangles of half the radius and the
arcs G, £X, added to their fines gk, and 2x. But
the area EGF, i.e the triangle £ r and the feg-

ment
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ment cut off by the chord E g, is equal to the refl-
angle contained by half the radius and the fum of
the arc £c and its right {ine 6 K 5 and the area exF
confifting of the fector rox and the triangle xoF is
equal to the re¢tangle of half the radius and the fum
of the arc £x and its right fine s x ; therefore the
trapezium R ¢ 24 is equal to the fum of the areas
ecrF and Exr. By the lalt propofition, the area
EcCR isequal toEGK, and Ezd=Ebx ; from the tra-
pezium rRc z d fubtract the areas Ecr, Bz d, and
from the areas EGF, EXF, {ubtract the areas zcxk,
£bx, and there will remain the area cz & ¢ equal to
the fum of the triangles, ¢ Fx, 4 Fx, |

Corol. 1. Hence, an Infinite number of fegments
of the cycloid may be afligned that are perfectly
quadrable, For example, if the ordinate cx be
{fuppofed to cut the axis in the middle of the radius
0 E, then k and & coincide ; and the area £ ¢ x be-
comes in that cafe equal to the triangle ¢ x r, and
E bz becomes equal to F&x; and thefe triangles
themf{elves become equal.

Corol. 2. Suppofe now that x comes to the cen-
tre @, and c comes to 7 ; then becaufe ok vanifhes,
therefore = & vanithes, and the fpace ¢z & ¢ becomes
in this cafe £ ¢ i 5, which is equal to L or*; for
the triangle & ¥ x in this cafe vanifhes, :

But to return from this digreffion 5
PROPOSITION VI Fg VIIL

Let arc be a femi-cycloid baving its bafe xc paral-
lel to the borizon, and its vertex A downwards: fup-
pofe a firing, with a pendulum, of the length of the

ﬁmi—
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Jemi-cycloid, [ufpended at c, and applied to the [emi-
¢ycloid ct Ay the body v, by its gravity, will gradually
feparate the firing fram the femi-cycloid cta, and will
defcrive an equal femi-cycloid A v v, having its vertex
in v, and its axis perpendicular to :ba horizon.

On the axis a & deferibe the generating femicircle
AGE, draw A B cutting the vertical line ¢v in b,
and on p v, taken equal to a =, delcribe the femi-
| crcle puv, Then, fince the {femi-cycloid ¢ T A is
| equal to 2 AE or cv, ( by Cor. Prop. 111.) there-
fore the body p will come to v, when the ftring c T p
comes to a vertical fituation. Thro’ T and p draw
T G and p H parallel to Ap, meeting the {emicircles
in ¢ and H; and fince the ftreight part of the {tring
T P 1s equal to the curve Ta to ‘which it was applied,
therefore T P—=2 Ac=2TK, and confequently Tk
and x p are equal, and the points ¢ and g muft be
equally ditant from the line a4 p : and therefore the
arc a ¢ will be equal to b H, and confequently the
angle cap=apH ; and the chords ¢ a, p H, are pa-
rallel. Bur Tp, being a tangent to the cycloid in
T, 1 parallel to ca ; therefore px p 1 is a parallelo-
gram, and p K is equal to p H. But the arc A is
equal to ¢ T, by Prop. 1. and therefore the arc a G
—aK3; and fince AD=A G E, it follows that pk or
PH—=GE of HV: and if p 5 be produced till it meet
the axis in r, then fhall the ordinate PR be equal
to the fum of the arc uv and its right fine ur, and
therefore the point p, by Prop. I. muft be in a femi-
cycloid, whofe generating circle is puv, its axispv,
and vertex v,

Corol, Tf another femi-cycloid equal to ¢ TA, as
ct g, be placed in a contrary fituation, it is plain,
that, by means of thefe femi-cycloids, a pendulum

Q. ' may
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may be made to defcribe the cycloid AvEe in its
ofcillations.

PCR O P s 30170 NSy

Let v L, perpendicular to o v, be equal to any arc
of the cycloid v m L 5 defcribe with the radius v L the
Semicircle vzl 3 and ﬁtppfyfﬂg the pendulum to éegm an
ofcillation from-v, the wvelocity acquired at M, in the
cycloid, will be as M X the ordinate of the circle at the
correfponding point M in the fireight line vL: and the
| farf.e by which the motion of the pendulum is accelerated

in M, is as the arc of the cycloid v m that remains 1o |
be deﬁwéeﬁ

Tet Lr, ms be perpendiculars to the axis pv,
meeting the generating circle in o and @, and draw |
the chords v o, vq: then by Cor. 3. Lemma 3. the
velocity of the pendulum at m, will be the fame as
would have been acquired by a body diretly falling
from R to s, and the velocity acquired at v will be
the fame as would have been acquired by a body
directly falling fmm R tO V3 but thefe velocities are

to one another as v’ RS to 1/ Rv, b}r Cor, 2. Lmz-*
ma 1. and fince Rv: SV :vo® vq ¢ and R vl
R‘H’-—SV{'—RS) IVOr—vQ®: : VL2
v M* (becaufe vi—=2vo and vM=2 v Q__), it fDHGWSﬂ
that the velocity of the pendulum acqeired in m is

z

4 VL*, oras Mx to vz,

3 |
to the velocity acquired in v, asy/ vL*—vM® tO

The force of gravity that is fuppofed invariable,
afting in the direction of the diameter p v, may be
reprefented by pv; and may be refolved into the
two forces p  and vq, whereof the firlt p o, pa-

rallel
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rallel to zm the ftring, ferves only to ftretch the
ftring, and does not at all contribute to accelerate
the motion of the pendulum ; it is only the force re-
prefented by the chord v o_that accelerates the mo-
“tion of it along the curve mm, and is all employed
- to produce that effect, the direction v _bring paral-
lel to the tangent of the cycloid at m, by Prop. II.
But vmM=2vaq_, by Prop. Il ; therefore the force
that accelerates the pendulum at M, is as the arc of

the curve v M.

Corol. It is obvious from the demonftration, that
the part of the gravity which the ftring fuftains in
any point M, is to the whole weight of the pendu-
lum, as the chord p g to the diameter.

PROPOETTION VHL

Suppofe that the circle Lz ] is deferibed by the body
X with an uniform motion, by the velocity acquired by
“the pendulum in v 5 and any arc of the cycloid, as Mn,
will be defcribed by the pendulum, in the fame time as
the arc of the circle x v by that uniform motion : taking
VN, on the flreight line v L, equal to v N in the cy-
cloid, and drawing wy parallel to vz, meeting the

circlein vy.

Let xm be an ordinate very near to x M, and
draw x7 parallel to the diameter L/, meeting ¥ in
#; then, fince the triangles x#x and v x M are {imi-
lar, it follows that xx : Mmm (=x7) : tvx: MX, that
15, as the velocity of the body x to that of the body
M : and confequently the fpaces x ¥ and mm will be
‘defcribed in the fame time by thefe bodies, the times
being always equal when the {paces are taken in the
fame ratio as the velocities,  After the fame manner,
the other correfponding parts of the lines M~ and

Q; %Y
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x v will be defcribed in the fame time; and there-
fore the whole fpace M~ will be defcribed in the famc-
time as the arc x v.

Cor. Therefore the pendulum will ofcillate from
L to v, in the fame time as the body x will defcribe
the quadrant L z.

ER@EBOSILI O Ne g

The time of a complete ofcillation in the cycloid is to
the time in which a body would fall thro’ the axis of the
cycloid Dv, as the circumference of a circle to s
diameter., |

The time in which the femi-circumference Lz / is
defcribed by the body x, is to the time in which the
radius Lv could be defcribed with the fame velocity 3
as the circumference of a circle, to its diameter.
But the fame time, in which the femi-circumference
L z/ is defcribed by the body x, is equal to the time
of the complete ﬂfcillatinn Lvp in the cycloid, by
the Corollary of the laft propofition. The time
which a body falls from o to v, along the chord o¥,
is equal to the time in which v (=2 0v) could be
defcribed by the velocity acquired at the point v, by
Cor. 1. Lem. 1. and Cor. 3. Lem, 3. and the time of
the fall thro’ the chord o v is equal to the time of the
fall thro’ the diameter p v, by Cor. 4. Lem. 3. ."*
fequently the time in which 1.v c{mld be defcribed by
a velocity equal to that of the body x, is equal to the
time of a fall thro’ the diameter pv. It follows
therefore that the time of the entire ofcillation L v ‘
is to the time of a fall thro’ the diameter pv; m

the circumference of a circle, to its diameter.

%
Corol.
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~ Corol. 1. Hence the ofcillations in the cycloid are
all performed in -::qual times ; for they are all in the
fame ratio to the time in which a body falls thro’ the
- diameter pv. If therefore a pendulum ofcillates in
acyclmd, the time of the ofcillation in any arc is
‘equal to the time of the ofcillation in the greateft arc
g,_nva, and the time 1n the leaft arc is equal to the
;mme in the greateft.

~ Corol. 2. The cycloid may be confidered as co-
inciding, in v, with any fmall arc of a circle defcribed
from the centre ¢ ; pafling thro’ v 5 and the time in
" a {mall arc of fuch a circle will be Equal to the time
“in the cycloid ; and hence is underftood why the
5t1mes in very little arcs are equal, becaufe thefe little
“arcs may be confidered as portions of the cycloid as
“well as of the circle,

b

Corel. 3. The time of a complete ofcillation in
any little arc of a circle, is to the time in which a
body would fall thro® half the radius ; as the circum-
ference of a circle, to its diameter: and fince the
lateer time is half the time in which a body would
fall thro” the whole diameter, or any chord, it fol-
%:ws that the time of an ofcillation in any little arc,

to the time in which a body would fall thro’ its
tharcl ; as the femicircle, to the diameter.

~ Suppofe ~ v a fmall arc of the circle defcribed from
the centre ¢ ; then the time in the arc N v is {o far
from being equal to the time in the chord n v, even
when thc)r arc fuppofed to be evancicent, that the
la[’c ratio of thefe times 1s that of the mrcumfercnce
of a circle to four times the diameter : and hence an
error in {everal mechanical writers is to be correéted,

who, from the equality of the evancfcent arcs and
Q.3 their

'I .
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their chords, too rafhly conclude the time of a fall |
of a body in any of thefe arcs equal to the time of |
the fall of a body in their chords, :

Corol. 4. The times of the ofcillations in cycloids, |
or in {mall arcs of circles, are in a fubduplicate ratio -
of the lengths of the pendulums. For the time of |
the ofcillation in the arc LvPp 1s in a given ratio to
the time of the fall thro’ pv, which time is in the
fubduplicate ratio of the fpace p v, or of its double
¢ v the length of the pendulum.

Corol. 5. But if the bodies that ofcillate be alted |
on by unequal accelerating forces, then -the ofcilla-
tions will be performed in times that are to one ano-
ther in the ratio compounded of the dire¢t fubdupli- |
cate ratio of the lengths of the pendulums, and in- |
verfe fubduplicate ratio of the “accelerating forces : |
becaule the time of the fall thro’ pv is in the fubdu-
plicate ratio of the fpace b v direétly and of the force
of gravity inverfely ; and the time of the oftillations
15 in a given ratio to that time, Hence it appears,
that if ofcillations of unequal pendulums are per--
formed in the fame time, the accelerating gravities|
of thefe pendulums muft be as their lengths; and|
thus we conclude that the force of gravity decreafes
as you go towards the equator ; fince we find that
the lengths of pendulums that vibrate {feconds are al-|

ways lefs at a lefs diftance from the equator,

Corol. 6. From this propofition we learn how tuﬁ
know exattly what fpace a falling body defcribes in|
any given time : for finding, by experiment, what
pendulum ofcillates in that time, the half of the
length of the pendulum will be to the {pace rr:quired,"_
in the duplicate ratio of the diameter to the circum-

ference ; becaufe fpaces defcribed by a falling body,
from
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from the beginning of its motion, are as the fquare$
of the times in which they are defcribed 3 and th®
ratio of the times, in which thefe fpaces are defcribed,
1s that of the diameter to the circumference : and
thus Mr, Huygens demonftrates that falling bodies,

- by their gravity only, defcribe 15 Parifian feet and
1 inch in a fecond of time,

Schol. That it may be underftood how the time in

a fmall arc is not the fame with that in its chord, tho’
the evanefcent arc is equal to its chord, we may here
demonftrate, that if v4 and ~ £ be two planes touch-

- ing the arc nv in v and n. Tho’ the evanefcent
- chord nv be equal to the fum of thefe tangents v £
and ~#£, yet the time in the chord is to the time in

thefe tangents as 4 to 3.

By Cor. 1. Lem. 3. the time in ~ £ is to the time
In NvasnktonNvV,orasto2; but kv being ho-
rizontal, the motion in £ v muft be uniform, and it
will be defcribed by that uniform motion in half the
time the body falls from ~ to k: therefore if the time
in which £v is defcribed uniformly be called 1, the
time in which ~ £ is defcribed will be 2 T, and the
time in which the chord ~ v will be defcribed will be
4T: and confequently the time in which a body
‘would fall along the two tangents, is to the time in
which it would defcribe the chord, as 3 to 4.

Q 4 BOOK
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B 00K Il

Gravity demonfirated by analyfis.

Gk B vk

Of the theory of gravity as far as it appears fo bave
been known before Sir lfaac Newton. 4

we are enabled to colleét the hiftory of na-
- ture, or defcribe her ph®nomena. By the |
principles of geometry and mechanics, we are en-
abled to carry on the azalyfis from the ph®nomena |
to the powers or caufes that produce them ; and, by
proceecing with caution, we may be fatisfied that
our foundations are well laid, and that the fuper-
ftructure raifed upon them is fecure. The firlt |
views which philofophers had of nature were no bet-
ter than thofe of the vulgar, being the lmmedlate
fuggeftions of fenfe. Rut | by comparing thefe mgc- 1
ther, examining the nature of the fenfes thfmfélves,i';
cc-rre&mg and aﬂ'{’tmﬂ’ them ; and by a juft applica- i
tion of geometrical and mechanical principles, I:hﬂF
fcheme of nature foon appears very different to a_
philofopher fiom that which is prefented to a vu}gar 4
eye. At firft fight, the furface of the earth appears
of an unbounded extent, and of a moft 1rre0ular,
form ; while all the reft of the univerfe, the clouds, W
meteors, moon, fun, and ftars of all ﬁarts, appear in
one concave furface bent towards the earth. This
was the opinion concerning the fyftem that moft

com-

l AR OM experiments and obfervation alone, |
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commonly prevailed at firft, while their imagination,
influenced by fuch prejudices made men fancy that
they faw and heard things impofiible. Thus the
Roman poet reprefents their army when in Portugal
(the weltern boundary of the great continent) as
hearing the fun enter with a hifling noife into the
E ocean, '
Audiit berculeo ﬁrfa’emem gurgite folem.

¥ | Lucan.

- while other travellers have talked of 2 vaft cavity in
- the moft remote parts of the eaft, from whence the
- fun was heard to iffue every merning with an unfuf-
 ferable noife. But philofophers foon diftovered that

' the earth was not of an unbounded extent, but of a

globular form ; and that the meteors, pfanets, and
. ftars, were not confined to one concave furface, but
| dlfperﬁtd in fpace at very different diftances; that
their real magnitudes and motions are very different
from their apparent ones, and are not to be deduced
from the appearances in any one place, but from
views taken from divers points of fight, compared
together by geometrical principles.

2. As our analyfis of the fyftem muft be founded
upen the real figures, magnitudes and motions, of
the bodies of which it is cumpﬂfed {o we fhall have

an excellent inftance of the method of proceeding
by analyfis and [ynthefis it we defcribe in what man-
ner we are enabled, from the apparent ph&nomena,
to deduce an account of the real ; without the know-
ledge of which our enquiries into the powers or
caufes that operate in nature muft be doubtful or er-
roneous. The knowledge of the difpofition and
motions of the celeftial bodies muft precede a juft
enquiry into their caufes. The former is more £m-
ple, the latter more arduous ; and the former will

pre-



234 Sir Isaac NewTon’s Book II-

prepare the way for the latter, and ferve to make the
reader acquainted with this method (the only one by
which certainty can be acquired in this fcience) in
eafy cafes, before he proceed to thofe of a more
complmat{:d nature. We fhall therefore begin with|
the plaineft and moft imple inftance of this kmd by
fhewing briefly how, from the ph&nomena, the true
figure, magnitude and motions of the carth are de-|
rived ; and how, thefe being eftablifhed, Innume-
rable ph®nomena are deduced by fynzhefis,
. It is to fight that our knowledge of the diftant ;J‘
parts of the fyftem 1s owing, thofe objects that ar
very near us falling under the obfervation of the
other fenfes only : bm: this fenfe, however admlrab]e
has its imperfections.  Vifion depends upon the pu:-;
ture of external objects formed on the refina, tﬂg&ﬁ
ther with a _]udcrmcnt of the underl’tandmg, acquire
by habit and experience ; which is fo immediately
cnnne&nd with the fenfe, that it is impoffible, by an'
act of refle€tion, to trace it, or, when it is erro-
neous, fuddenly to correct it. If vifion depended
upon the picture only, then equal piiures upon the
reting would fuggeft ideas of equal magnitudes of
the objets ; and if the fmalleft fly was fo near that
it could cover a diftant mountain from it, the fly
ought to appear to us to be equal to the mountain,
But we have, by habit, acqmred a faculty of com-
pounding the opinion, or, prejudice, formed con-!
cerning the diftance with the apparent magnitude o or
bulk of the image formed on the retina ; and this
with an inconceivable quicknefs of thnucrht, fo tha -r;_'
the idea or image we form to ourfelves of its mag-"
nitade is the refult of both ; an allowance being |
macdle for the greater diftance, agreeable to the no-
tion we have conceived of it. Hence it is eafy to
fee how many fallacies in vifion muft arife: for as i

3 we

1

L}
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we may be often miftaken in our notion of diftance,
{o every fuch miftake muft produce a correfponding

rror in-our idea of the magpitude of the object.
3efides, in many cafes, this notion of diftance arifes
‘without reflexion, from the force of habit; and we
find the effect of it takes place even after the under-
flanding is better informed, and the judgment cor-
re¢ted. Thus the moon continues to appear bigger
to us at the horizon than at the meridian, even after
4t has been demonftrated to us that her diftance is
then greater, fo that fhe ought really to appear lefs,
Becaufe ( according to Kepler’s obfervation ) the
leavens appear to us, not in an hemifpherical dome,

but as a fegment of a fphere lefs than the hemifphere,

we have been accuftomed to afcribe a greater real

L

i magnitude to objects fcen at a great diftance along
| the horizon, than to thofe of an equal apparent mag-

‘nitude (or that have equal images on the retina) feen
l

at a confiderable elevation about it; and hence he
ngenioufly accounts for the moon’s appearing bigger
'to us at the horizon than at the meridian. Bur after
we are better informed, and know that the apparent
‘“magnitude of the moon is lefs at the horizon in the
fame proportion as the diftance is greater, we con-
‘tinue to make an allowance not on this account on-
ly, but a much greater than this requires, from the
‘great influence of habit and cuftom * ; the effect of

‘which on the mind and its operations is a fubject that
well deferves the particular attention of philofophers,

~ * Perhaps the concave furface of the heavens appears to us
1@s a portion lefs than a hemifphere, becaule we have been al-
“ways accuftomed to fee greater diltances along the horizon than
iin the vertical line towards the zenith. But whatever the rea-
fon of this 2ppearance (fuppofing it true) may be, it would feem
‘that an habitual way of thinking to the contrary ought to have
Hdome effect ; and fome oblerve that the moon never appears to
‘them {o large at the horizon, as it did formerly when they were
‘young and unacquainted with her motions,

but




236 Sir Isaac NewTon’s Book 111,

but is improper to be infifted on in this place, le
we fhould feem to mix, without neceffity, what is
obfcure and uncertain with what is clear and fatf-
fattory. For the anabfis we are to defcribe, depends
not on any difputed principles, but on thofe of prac-
tical geometry applied to the heavens.

4. Experience has taught us feveral ways of form
ing a judgment concerning the diftances of objeéts,
when they are not very remote from us; as by th
different difpofition of our eyes when we look at
near objet with both ; it being manifeft that wh
the objet is near, the eyes muft be turned mor
towards each other, in order that they may be di
reted towards the fame point of it, than when it is
at a greater diftance. 'We {oon learn from expe
rience, likewife, that when the objeét is very near.
the image is obfcure and confufed, and we are obliged
to ftrain the eye to render it tolerably diftin&. * The
image is alfo found to be more luminous and brigh
when the objeét is near than when it is remote. Bu
the moft ufual way of eftimating the diftance is from
the intervening objeéts 3 or, when the object itfelf is
of a kind with which we are well acquainted, by the
bulk its image bears in the piture upon the re/ina.
By thefe, and perhaps other methods, we are enabled
to form fome judgment of the ditance of near ob-
jects ¥,  But when they are very remote, and no

objelts

* A learned author, of a diftinguithed charater, begins an
ingenious treatife upon this {ubject, by obferving, ¢ jc is, I
*¢ think, agrced by all, that diltance, of itfeif and immediately,
¢ cannot be feen. - For diftance being a line direfted endwife
s to the eye, it projetts only one point in the fund of the eye
¢ which point remains invariably the fame, whether the c{I
¢ tance be longer or fhorter.”®  The diftance here fpoken of,
diltance from the eye; and what 1s faid of it is not to be ap-
plied to ditance in general. 'I'he apparent diftaace of two Rtars

is
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_objedts intervene, as is the cafe of the celeftial bodies,
thefe methods fail us, the fenfe is at a lofs in com-
| paring their diftances together, and is unable to de-
termine which are greater or lefs, without the aid of
geometry, or fome equivalent art. In fuch cafes,
therefore, the objects are all referred by the fenfe to
one concave furface. Thus the clouds, meteors,
planets, and ftars of all kinds, appear to the fenfe in
one concave furface of heaven, tho’ there be the
‘greatelt variety in their real diftances, It is in thefe
cafes that praétical geometry brings us its neceflary
| and fure aid. By it we foon find that the clouds are
| not only nearer us than the celeftial bodies, which
they often cover from us, but that their diftance is
“only of a few miles; a [mall change of the place
producing a great change in their pofition with re-
{peét to us, while thofe that are feen by us at one
place are different in pofition from thofe that are
{een at the fame time in places remote from it. We
g foon perceive that the moon is at a vaftly greater dif-
" tance ; becaufe fhe is feen over one half of the earth
" at once, and nearly in the fame direttion, or in the
“fame fituation among the fixed ftars. We eafily
“learn that the moon is at a lefs diftance from us than
the fun, becaufe by coming between us and the fun
gfhe produces the folar ecliples ; and that Vesus and

is capable of the fame varieties as any other quantity or mag-
‘nitude. Vifible magnitudes confift of parts into which they may
?bﬂ refolved as well as tangible magnitudes, and the proportions

of the former may be afligned as well as of the latter ; fo that
j-;this author goes too far, when he tells us that vifible magnitudes
* are to be no more accounied the ol jett of geometry than words ;
* and when he concludes of diltance in general, what had only
l’bcen fhewn of difiance direfted *° end-wile to the eve ;" and
" pretends “ to demonitrate that the ideas of fpace, outnefs, and
-% ‘¢ things placed at a diflance, are not, ftri€tly Ipeaking, the vb-
- * ject of fight ; and are not otherwife perceived by the eye than

by the ear.” '

¥ 3 Mer-

-4
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Mercury are nearer to us in their inferior conjunc-
tions than the {fun, becaufe they are then feen as dark
fpots upon his difk. If our inftruments were abfo-
lutely perfect, and our obfervations could be made
with the utmoft accuracy, then each celeftial body
might have its diftance precifely afcertained, and
- the whole difpofition of the fyftem might be exactly
known, But this fubjet being of the utmoft im-
portance in our prefent analyfis, it deferves fome far-
ther illuftration. |

5. Let a and ¢ (Plate 111, Fig, 50.) reprefent tw
{petators, or two different ftations of the fame fpec-
tator, p the objet or ph@nomenon whofe diftance
is required. This objelt appears to the {pectator a
A in the right line ApF, and to the {pettator at ¢
in the right line cpz ; the angle contained by which,
ADc, thews how much the pofition of the objeét p
varies with refpect to the two fpectators. 'When this
angle is great, the diftance A p bears not a great
proportion to a ¢ ; but when this angle 1s very {mally
as when the obje¢t 15 removed from p to u, then its
diftance from a muft be much greater than a c the
dittance of the two fpectators or ftations ; becaufe
A c is always to a p, as the {ine of the angle ape
to the fine of Acp, by common trigonometry.
Thus when ac confifts of fome miles, and p repre-
fents a cloud, the angle apc is found to be confi-
derable ; and thence we learn that its diftance is not
very great. If Epc reprefent the right line in which|
the fun thines, then ¢ will reprefent the fhadow of
the cloud upon the plane ac ; and the proportion of
AD to A ¢ may be determined by obfervations taken
from one ftation a. But tho’ the right line a ¢ con=
fift of bundreds of miles, if u reprefent the mo
it is found that the angle A nc 1s exceeding fmall
and thence we conclude, that the diftance of tk

maoon
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moon is not to be expreffed but by a great number

. 6. Let c (Fig. 51.) reprefent the centre of the
parth, A a place upon its furface, ca e the vertical
line of this place, 4 any object or ph@enomenon in
F% e zenith; ApF a tangent to the furface of the
earth at A, the fenfible horizon at that place. Then
the object d being fuppofed to project upon the fixed
ftar ¢, when in the vertical line, to a fpeltator at a
well as at c, it will be otherwife when the object
d comes to the horizon at p. For tho’ the centre
¢, the object p and the ftar & (abftracting from their
ii= oper motions) be ftill in a ftrait line, yet p and
are no longer in a right line with a the place of the
fpectator ; but while o appears to be fet at F, the
ftar appears {till elevated above the horizon by the
arc £ r, which meafures the angle EpF¥, or anC}
he fine of which is to the radius, as c a the femi-
{diameter of the earth is to cp the diftance of the
lobjet from the centre of the earth. This angle
lA D c is what is called the borizontal parallax of the
object or phanomenon, and thews under what angle
the femidiameter of the earth ca would appear if
viewed at the diftance of the objet cp. And to
find this horizontal parallax of any object, is no more
than to determine how great (or under how many
minutes and [econds) the femidiameter of the earth
would appear viewed at that object. Suppofe any
number of objets in the right line A ¥, as o, ¢, u;
and fpeftators at each of thefe viewing the femi-
diameter of the earth c a; it will appear to them
under the refpeétive angles cpa, cca, cra, which
are the refpective parallaxes of thofe objeéts, and
which gradually decreafc as their diftances increafe.
‘We dilcover therefore the diftances of thofe objecis
by determining what appearance, as to bulk or ap-
Pﬂ.[’ﬂ“t
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parent magnitude, the earth’s {emidiameter makes
at thofe objects: and it is obvious that this method
is well founded, it being manifeft, that the diftances
at which the earth appears great to a fpectator muft
be lefs, and that thofe diftances at which the earth
appears {mall to him muft be greater. Thus to a
{fpectator carried to a few hundred miles diftance
only, the earth would appear very large ; to a fpec=
tator at the moon, the femidiameter of it would ap-
pear under an angle lefs than a degree ; to a fpeta-
tor at Venus, of much about the fame bignels as
Venus appears to us; and to a fpetator as remote asl
Fupiter or Saturn it would hardly be vifible at ally
unlefs his fenfe was more acute than ours, or affifted|
by art. And as, when the proportion of the diftance
of the fpetator from the centre of the earth to its
femidiameter s known, it is ealfily afcertained hos
great an appearance the earth will make to that fpec-
tator ; {o converfely, when this appearance is de:
termined, it is eafy to affign the fpectator’s diftance
from it, :

7. In this manner, menfuration is carried fron
the earth to the heavens; and the diftances of the
celeftial bodies compared with femidiameters of the
earth, and with one another. For the further il
Juftration of what is of fuch importance in aftrono
my, a fcience that affords us {o noble and extenfive
views of nature, let us imagine a fpectator at A view
ing the immenfe expanfe around him, while a right
line p L, perpendicular to a p and equa! to the femi-
diameter of the earth, moves off on the right line
A F from the leaft to the greateft diftances; then the
parallax belonging to any diftance is nothing elfe than
the angle which the femidiameter of the earth at that
diftance fubtends to the fpectator at a. Thus the
parallaxes belonging to the feveral diftances a b, Ac

AH
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"AH, &c. are the refpective angles paL, ¢awm,
‘HAN; &¢; which meafure the apparent magnitude
‘of rthe femidiameter of the earth viewed, at thole
diftances, by a fpeftator at . While we fuppofe
this femidiameter to be carried off in infinitum, thele
pparent magnitudes gradually decreafe, nearly in
the fame pmportmn as the diftance mcreafes The
Parailaxr:s decreafe in the fame manner 3 and a {cale
of the one affords us a fcale of the other, It is ob-
&mus that, from the moment any object departs
from ‘the vertical line, it appears to a {pectator at a
Ep‘reﬁhd towards the horizon, and is the more de-
ffed in proportion as it is nearer to him, The
ue place of the object b is at g, where it would be
een from the centre c; but its apparent place to a
Ctator at a is at F, and its depreflion or parallax
is meafured by the arc &7, or by the angle EDF
équal to apc, Now in order to find this depref-
n, it is fufficient to make ufe of the fixed ftar g,
which has no fenfible parallax, and was {uppofed to
be in conjuntion with the object in the vertical line
Ade; for the depreffion of the objet p below the
ftar &, viewed from a, gives the parallax. By pro-
fles of this kind, it is found, from afironomical
fervations, that the mean d1[’cancc of the moon
rom the centre of the earth, 1s about 6o+ femidia-
meters of the earth,

- _—l'\-_u“.

- 8. The figure of a body is more eafily known
when we are able to view it from great diftances than
rom very fmall ones ; becaule when it is at a great
iftance, the eye takes in a confiderable portion of
in one view, from which the figure of the whole
, more ealily colleted : whereas when it is viewed
t.a fmall diftance, {mall irregularicics on its furface
lave too great an effect upon the fenfe, and are apt

) miflead us in our judgment concerning the whole.

It
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- It is very eafy to fee, for example, that the fun and
moon are globular, becaule in all pofitions they con--
{tantly appear to us as bounded by a circle, a pro-
perty which belongs to the fphere or globe alone.
But the figure of the earth is not fo eal’ ly difcovered
by us, becaufe the largeft views we are able to take
of it, {rom the tops of the highelt mountains, bear

fmall proportion to the whn]f: furface ; and the
curvature or fphericity is hardly fenfible in thofe!
profpeéts of it. However, we have undoubted
proofs that the earth is globular, tho’ not exaétly
{pherical. We are affured that the meridian {ections
of the earth, or fections thro’ its poles, are circular, |
becaufe as we go fouthwards the northern ftars are
deprefled, and the fouthern ftars ¢levated, nearly in|
a regular courfe 5 fo that a degree of depreflion of:
the fu:mer or elevation of the latter, always cor-/
refponds to 6o lialian or geophraphical miles on the
meridian; whence we conclude, that a meridian
feétion of the earth is a circle, a degree of which is
‘60 fuch miles, and the whole circumference is 6o0x
360, or 21600, of the fame miles, At the equa~
tor, both the poles are in the horizon ; as we remo
northwards, the northern pole rifes till we come to
the pole of the carth, where the celeftial pole is in
the zenith; and, in gcﬂt'ra] the clevation of the
pole increafes or adua]l}r and regularly with the dlf-
tahce from the equator. The equator and its para“-t
lels appear to be circular from the regular daily pro-

grefs of light, from calt to weft, along their furface
lhe fun arrives at the meridian of places that are
more eafterly, fooner than to the meridran of tht}
that are towards the weft, in proportion to the dkf'
tance of the meridians meafured upon the equator.
The fpherical figure of the earth appears hkew‘ife
from levelling, where it is found neceffary to make
an allowance for the difference between the apparﬁncll:

an
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and the true level; the former being a plane that
touches the earth’s furface, the latter the globular
{urface itfelf, which falls below the tangent plane.

9. But we have the plaineft and moft fimple proof
of the globular figure of the earth, from that of its
fhadow proje€ted on the moon in a lunar eclipfe.
tor this fhadow being always bounded by an arc of
 circle, it follows that the earth which projeéts it is
of a fpherical figure. If there was any remarkable
angle, or very conliderable irregular protuberance,
n the earth, it would, on fome occalion or other,
ppear by the fhadow. The mountains, indeed, are
regularities on the furface of the earth; but they
ar fo fmall a proportion to its vaft bulk, that they
ake no appearance upon its thadow. There is
kewife a gradual rifing from the fea thore towards
he inland parts of the great continents; as in Ku-
ope from the fhores of the ocean, the Mediterra-
ean, and the Euxine {ea, towards Switzerland ; but
his gradual rifing is fmall, and has lictle effect on
he figure of the earth. If it was confiderable, it
ould carry the inland parts too high in the atmo-
phere ; but it is fufficient for giving a courfe to the
wers, and preferving the beautiful circulation of
ater, fo neceflary to the good condition of this
lobe; and the extent of the continents has been
robably contrived with a view to this great purpofe.
Jpon the whole, the earth is evidently globular tho’
ot an exact fphere, and if {een at a diftance would
ppear to us as the fun or moon ; that is, always
rminated by a circular figure, unlefs this diftance
as fogreat as to make it appear like Venus or Mars;
hen, in confequence of the contrattion of the ap-
ent diameter, the whole furface would appear to
e crouded in one point, and the 4/ps, Pyrenees, and
ren the diftant Cordelleras, would refleét undiftin-
* Rz guifhed
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guithed rays. At fuch diftances its figure could nét
br‘: difcerned by fenfe, unlefs it was affifted by a tdﬁ-
{cope or fome cquivalent inftrument. |
10. The océan, which covers a great patt of the
furface of the earth is more accurately g ﬂbular than
the folid parts ; and it is manifeft that this arifes from
the gravitation of its parts towards the earth, acting
in nght lines perpendicular to its furface, For if ite
direction formed an acute angle with the furface, the
fAumd water would neceﬁ'anly move towards that ﬁ' e
and could not be in wquilibrio till the direction o
gravity became perpendicular to the furfice every
where, fo as to give no inclinatioh to the fluid te
move towards cither fide. The perpendicdlars to
fpherical furface meet all in the centre of the fphere
Therefore, fince the earth is nearly a fphere, the di
re@tion of the gravity is nearly towards it centre
not as if there was really any virtue or charm in th
point called the centre, by which it attra&ed bddi,

bodies towards all the parts of which the eatth ¢o
fifts; as will appear more fully afterwards. TH
direction of gravity is not any one fixed or detel
mined one, as the vulgar are apt to imagine ; nc;?ﬁ
there any occafion for pillars or inftruments of an
kind to fupport the earth; that direétion being --1
ways downwards which is towards the centre, or g
fpeak more accurately) which is perpendicular to th
ﬂmd furface or level, on the concave fide ; and th
direCtion being upwards which lies in a perpendicula
to the {urface on the convex fide. Was the eart
all fluidy all the furface would be on one level, a
1o one part would have a pre-eminence above t
reft in this refpect; and bodies would beé fuftaine
by the earth equally round all its furface with equ:
firmnefs and fecurity,  Thus there is no difficult

1
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in conceiving that there are Antipodes 5 and it appears

_equally abfurd that bodies fhould fall off from any
“other part of the earth, as that they fhould rile here
into the air.

11. This principle of gravity extends to all bodies
around the earth. For the gravity of the air being
eftablithed beyond all difpute, by the celebrated ex-
Penments of Galiles and Torricelii, and many others
of the fime kind, it eafily appears that all terreftrial
bodies whatfoever are heavy, or gravitate towards
the earth ; and that the apparent levuy of fome of
them pmceeds only from the greater gravity of the
ambient air, which makes them rife upwards, for the
fame reafon that cork rifes in water, and lead in
quick-filver; or from their being carried off by fome
medium entangled in 1ts parts. “The gravity of ter-
reftrial bodies muft the rather be allowed to be uni-
:yerfal becaufe, by the moft accurate exper:menﬁ
it is always found to obferve the fame proportion as
their quantities of matter ; and not to depend on the
figure or bulk of bodies, or the contexture of their
parts, but always to meafurc their quantity of mat-
ter, and to be meafured by it only, abftrating from
the influence of the medium in which they “wim,
For gravity always generates the fame velocity, in
bodies of all forts, in the fame time; and therefore
muft a& equally on equal portions of maiter, and
on a greater portion with a force prupurtmnall,r
greater, The dire@ion of this power is nearly
owards the centre of the earth ; for, at prefent, we
abﬂra& from the variation of its Eu'ure from that of
a perfe&t fphere; arifing from its motion on its axis.
The force of this power is fuch, that it carries all
odies downwards about 15 fect, of Paris mea-
fure, in a fecond of time. This is the refult of ac-
nrate experiments; every body would fall jult fo
R 3 much
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much if it defcended frecly in the plump.line, or
perpendicular to the horizon, and met with no re-
filtance from the air or ambient medium, When a
body is projected in a right line that is not perpfndl- |
cular to the horizon, it moves in a curve, but fo as
to fall always below the point in the line of projec-
tion which 1s direétly over it, as much as it would®
have fallen by defcen{"mg freely in the perpendicular
in the fame time; provided we fuppofe gravity to
att in parallel lmes as was ufual before Sir {ﬁia:'
Newton found it neccflary to confider this fubject
more accurately, and which may be admitted, Wlth-a
out any fenf{ible error, in fuch motions as our r:ngmc&
are able to produce.

12. The alabuiar figure of the earth, with thl“"
direction and force of gravity, being difcovered by
this analyfis, a great variety of phznomena may be
thence deduced by the Synrhetic method, The Whﬁlﬂ
doétrine of the fphere may be explained from the
figure of the earth, either in the Pytbagorean or Pto-
lemaic {yftem. As the fun appears to go round the |
whole circle of 360 degrees in 24 hours, fo in one |
hour he appears to defcribe 15 degrees, and one de=
gree in 4 minutes of time, on the equator or its pa-:
rallels. ~ Hence the diftance of meridians at two
places, meafured upon the equator, or their dlﬁ't-e
rence of longitude, being known, it is ealy to com-n
pute how much the hours at one place precede th?
fame hours at the other, by allowing 4 minutes o
time for each degree of that diftance ; and converfe-
ly, the difference of time being given, the d]i’fereneé’
of longitude is computed by allowing one degree
for each 4 minutes of time, and proportionally in
greater or lefler differences. And it is obvious that
the hours of the day, which are fucceffive in any one

place, are co-exiltent when you take in the whole

globe 3
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globe 3 fo that no hour of the day can be afligned,
but a meridian can be likewife affigned where it is
that hour at this prefent time, The fenfible horizon
of any place is a plane perpendicular to the plumb-
line at that place, and tangent to the earth’s furface
there. The rational borizon is a plane thro’ the
earth’s centre parallel to this, whofe poles are the
2enith and nadir, in the fame manner as the north
and fouth poles of the world are the poles of the
equator. The particular phnomena of places de-
pend upon the pofition of their horizon with refpeét
to the circles of the apparent diurnal motion of the
fun and ftars. The horizon of a place at the equa-
tor paflfes thro’ the poles, and divides equally the
lequator and its parallels. Hence the days and
| nights are always equal in fuch places, and each of
| the ftars performs one half of its revolution above
their horizon, and the other half under it. The
icircles of diurnal motion are all perpendicular to
their horizon, and thercfore they are faid to be in a
\right [pbere. When the fun moves in the equator,
the rifes directly from their horizon to their zenith,
and then defcends direétly to their horizon again; in
jother cafes, after rifing perpendicularly, he flopes
laway in his parallel towards the north or fouth fide
of their zenith, according to the fealon of the year ;
which muft be a confiderable relief to them, as the
heat muft thereby be abated. At the poles, their
horizon coincides with the equator; fo that the
Inorthern celeftial hemifphere muft be always in view
of the northern pole, being above their horizon,
dlwhile no part of the fouthern hemifphere is vifible to
them, being always beneath it. The circles of the
{diurnal motion being parallel to the =quator, and
fconfequently to their horizon, the fun and ftars ap-
pear to them to move in parallels to their horizon 5
the fixed ftars never rifc nor fer, and the {un rifes at
' R 4 the
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the vernal equinox and fets at the autumnal 3 fo thag
they have day for one half year and mght for the
other, They are faid to be under a parallel j@hfﬂg
In intermediate places, the circles of the diurnal mo-"
tion are {}bhque to their horizon ; one pole is alway ‘
elevated above it by an arc equal to the latitude of
the place, and the other poleis deprefied under it
an cqual arc. All the ftars whole diftance from t
elevated p-::rle exceeds not the Iatitudc of the pl -

the fame diffance of the other pule are deprcﬁ_’cd_ :
der it, and are never vifible to them. The equator
and horizon being great circles divide each other
equally, whence the days and nights are equal eve i

where when the fun defcribes the celeftial equator,
But when the {un is on the fame fide with the ele-
vated pole, a greater portion of his parallel is abuvﬁl
the horizon than under it, and therefore the days ar
longer than the nights: and when the fun is on tM'
other fide of the equator, a greater portion of his
diurnal parallel 1s below the horizon than above it g
and confequently the nights are longer than the days.
Thefe are faid to be under an obligue fpbere. In i
thofe different places, the time in which they have

day (that 1s, when the centre of the fun is above
horizon) 1s equal to the time in which they havga
night, or when the centre of the {un is bf:neath their
hosizon, taking the whole year together ; abftradting
from the cffe(ts of refration and the elliptic ﬁgu
of the earth’s orbit, which are not confidered in the|
dotirine of the fphere. But thefe equal times are
diftributed with a good deal of varicty. At the
equator they have 12 hours day and 12 hours night,
pﬁpntth]l}r fucceeding cach other. At the poles
they have their day all at once and their mcrlgalg
pnce, each of half a year., In intermediate plai;@g
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the length of their days at one feafon is compenfated
by the length of the nighis at another. Within the
' polar circles, they have the fun continually for fome
days, or weeks, circulating above their horizon ;3
but, in the oppolite feafon of the year, he continucs
as long beneath their horizon ; and thus the equality
of the times of day and night is preferved, when
we abftract from the fun’s having a fenfible dia-
meter, from the effects of refraction and twilight, -
and the elliptic figure of the earth’s orbit; but, in
confequence of thefe, the time in which they have
day confiderably exceeds what 1s commonly called
night, particularly in the northern hemifphere. The
amplitude of the fun, or his range upon the horizon,
has likewife great varieties, which are eafily deduced
from the fame principles. It is leaft at the equator,
amounting there to 23° 29" on each fide, towards
the north and fouth of the eaft and weft points. In
the latitude of 56° it amounts to above 45°, on
cach fide of the fame points ; and the arc between
the moft northern and fouthern points where he rifes,
and fets, is above a quadrant. At the polar circles,
his range on the horizon is the whole femicircle from
north to fouth. A circle perpendicular to the meri-
dian and horizon 1s called the prime vertical, and,
being a great circle, it cuts the equator equally, and
all places that are under it bear due eaft or weft from
us ; whence many of the geographical paradoxes are
explained, The art of dialling 1s deduced from the
fame principles. The moft fimple kind of dial is
an equino€tial one, where the fhadow is received
upon a plane parallel to the circles of the fun’s diur-
-nal motion, and is projeted by a fylus, or right
line, perpendicular to thofe planes. Becaufe the {un
moves over equal arcs on its parallel in equal times,
the motion of the thadow in this dial muft likewife
be uniform, fo that the intesvals between the hnug
muf
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muft be equal ; which is therefore made by dividing
a circle into 24 equal parts, The conftruction of

other dials is eafily deduced from this: but our de- |

We have a remarkable inftance of the beauty of

truth when we obferve what a variety of phaenomena

fign obliges us to mention thefe things very briefly,

arife from fo few fimple principles as the fpherical |

figure of the earth, its diurnal motion, and the obli-

quity of its axis, as we take a furvey of the earth |
from the torrid to the frigid zone, or from the equa-
tor to the poles, and attend to the ph@nomena of
heat and cold, as well as of thofe of day and night,

and of the apparent motions of the ftars. A diver- |

fity of phznomena fo very great, arifing from two

principles of fo fimple a nature, affords a curious

fpeculation to the underftanding, as well as a pleafing

entertainment to the imagination, and ferves to fug- |

geft the admirable fertility of which nature is capable

in its productions ; infomuch that upon one globe

we have fome image or reprefentation, in the cli- |

mates from the equator to the poles, of that great

variety that we may fuppofe to take place in the
{olar {yltem, from Mercury, the neareft and hotteft, |
to Saturn, the remotelt and coldeft of all the

planets.

13. Tho’ the doctrine of the fphere may be ex-

plained from the Ptolemaic, as well as from the

Pythagorean or Copernican fyftem, by fuppofing the

primum mobile to penctrate the whole univerfe (the
earth and its appendicles only excepted) and to carry
every thing round the earth’s axis every day ; yet

this hypothefis, to every thinking perfon who has
not devoted his judgment. entirely to the prejudices
of fenfe or dictates of fuperftition, appears {o very
abfurd, that it is now almoft univerfally exploded.
‘The motions of the comets, performed with fo much

5 free-

k

i
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freedom in the celeftial fpaces, thew us that the folid
orbs are imaginary, and that there can be no fuch

- univerfal mover that carries all the univerfe along

with it: nor is there any axis upon which this im-
menfe machine can be fuppofed to turn. The pro-
digious velocity, which, according to this doctrine,
muft be afcribed to the remote fixed ftars, cannot
but thock thofe that have any juft notion of the vaft

- extent of the univerfe. The afcribing {o extraordi-

nary a pre-eminence to the earth, to which it appears
to have no title, argues a partiality unworthy of phi-

lofophers ; efpecially fince we fee that moft of the

other bodics of the fyltem, even the fun himfelf,
turn round upon their axes, which would induce us,
if we were upon the furface of any of them, to

‘alcribe the fame pre-eminence to that one, and to

place it in the centre of the whole. But befides thefe
and other confiderations, the retardation of pendu-
lums carried to the equator, with the increafe of the
degrees of the meridian from thence to the poles, are
obfervations that demonftrate a centrifugal force,
greateft at the equator, and gradually diminifhing
towards either pole, where it vanifhes. Now this
centrifugal force is an evident proof of the diurnal
rotation of the earth upon its axis; therefore, in
treating of the celeftial motions, we fhall entirely
abftract from the apparent diurnal motions of the
planets, as pertaining to the earth only : and thus
our analyfis of the caufes that produce the celeftial
motions is founded on the real ftate of things, and
not on fallacious appearances.

14. The doctrine of the fphere is eafily deduced
from thefe true motions. One half of the earth is
illuminated by the fun at all times, and the other
half always deprived of his light. . The boundary
of light and darknefs is a great circle of the earth.

It
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It is day at any place while it revolves in the illumi-
natcd part, but night while it moves in the part l:hat
is hid from the fun’s rays. The diurnal motion is |

from weft to eaft, and the fua rifes to any placcx
when it arrives at the boundary of hght and dark-

nefls on the weft fide, and fets when it arrives at the
{fame boundary on the eaft. The point where a right
line joining the centres of the fun and earth cuts thp
furface of the earth, is that which has the fun in the
vertex or zenith, and is the pole or middle point of
the illuminated dlfk The circle defcribed by the |

earth’s annual motion, or the fun’s apparent mo- |

tion, is the ecliptic 3 and, becaufe the axis of the
carth 1s oblique to the plane of this circle, it cuts the
equator (in an angle of 23° 29"), and the two

points of mterﬂ:&mn are called the equmo&ml points;

in which the fun appears when the axis of the earth |

is perpendicular to the right line drawn from its cen- |

tre to the centre of the fun. Thofe are called the |

folftitial points which are at 9o° diftance from the |

former, and where the fun appears when he declines |
moft towards the poles. The equator being a great |

circle, {o as to be equally divided by the buundar}r }
of light and darknefs, the day therefore at the equa-~ |

mr is always equal to the night. It is obvious that |

en the fun appears on the north fide of the equa~ |
tur, the northern pole muft be in the illumined hemi- |
fphere ; fo that it muft be day there from the vernal |
to the autumnal equinox, but that they muft be de-

prived of the fun’s ight from the autumnal to thﬁ
vernal equinox ; and “that it is the contrary at thﬂ
fouth pole. In any place that is on the fame fide of |
the equator with that which has the fun in the zenith,
a greater part of the parallel to the equator defcribed
by that place mu& be in the illuminated hemifphere
than the night but it is the contrary when the Place

15
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is on the oppolite fide of the equator, and then the
night muft be longer than the day. In the fame
manner, all the othér phanomena of the doétrine of
the fphére may be deduced from the true motions in
the fyftem.

15. We have given a fummary account of what
was known concérning the gravity of terreftrial bo-
dies, before Sir Jfaac Newton. As the figure of the
earth 1s owihg to this principle ;5 fo, as Copernicus
very juftly obferved *, it is highly reafonable to fup-
pofe that by a like principle, diffufed from the fun
and planets, their figures are preferved in their va-
rious motions. Various attempts and {chemes have
been propofed, for explaining the nature of this
power and its caufe; but all have proved unfuccefi-
ful.  Des Cartes deduced it from the centrifugal
force of his fubtile matter revolving on the axis of
the earth ; but this account has been already re-
futed +. Others confidered it as a fort of mag-
netifm ; but the powers of gravity and magnetiim
differ widely in moit eflential circumftances. Others
derived it from the preflure of the atmofphere 5 al-
tho’ the air is fo far from producing gravity, that it
conftantly fubduéls from the weight of bodies. But
all we want to conclude here, 1s, that this power
extends univerfally to all forts of fenfible bodies, at
or near the earth’s furface; and that it has thefe two
remarkable prt:pei‘ties; firft, ;hat it 1s proportional
to the quantity of matter in bodies ; fecondly, that
it atts inceflantly or continually, and with the fame
force upon a body that is already in motion as upon
a bady that is at reft. The laft property appears
from hence, that it produces equal accelerations in

I * See Book I. Chap. 3. § z.
+ See BogkI. Chap. 4. § 4, _
. falling
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falling bodies in equal times, Both thefe properties
diftinguifh it from fuch caufes as are wholly mecha-
nical 3 which either at in proportion to the furface
or to the bulk of bodies, and produce a lefs accele-
ration in a body that is already in motion, in the |
dire¢tion in which the caufe acts, than upon a body
at reft, in the fame time. We here obferve thefe
things concerning gravity, not with a view to deter-
mine any thmg concerning its caufe, but only to
pave the way for what follows concerning the uni-
verfality of this principle.

Colk i P T

The moon is a beavy body, and gravitates towards the
earth in the [ame manner as tervefirial bodses,

IR Ifaac Newton confidering that the power |

of gravity alts equally on all matter on the |
furface of the carth or near it, that it is not fenfibly
lefs on the tops of the higheft mountains, that it af-
fects the air and reaches upward to the utmoft limits
of the atmofphere, and that it cannot be vwing to |
the influence of any fenfible terrefiriel matter; he
could not believe that it broke off abruptly, but was
mduced, on thefe grounds, to think it might be a
more general principle, and extend to the heavens;
fo as to affect the moon at leaft, which is by much
the nearclt to us of all the bodies in the {yftem. The
abfurdity of thofe who had taught that thf: heavenly
bodies were made of fome 1nr:xp11cahle fubilance,
eflentially different from that of our earth, had fuf-
ficiently appeared from modern difcov reries ¢ the phi-
lofophers no longer made that diftin&ion, which
had been founded on fuperftition and vulgar preju-
dices only, The earth was allowed to be, of the

pumber
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number of the planets, and the planets were confi-
dered as like our earth. ‘T'o complete this refem-
blance, our author has fhewn that they confift of
the fame heavy gravitating fubftance of which the
earth is formed.

2. The effects of the power of gravity upon ter-
reftrial bodies may be reduced to three claffes: Firf,
in confequence of it, a body at reft, fupported by
the ground, or fufpended by a ftring or line of any
Kind, or that is any way kept from falling, endea-
wvours, however, always to move; and in fuch cafes,
its gravity is meafured by the preffure of the quief-
cent body upon the obftacle that hinders its motion.
Secondly, when a body defcends in the vertical or
plumb-line, its motion 1s continually accelerated, in
confequence of the power of gravity’s ating incef-
fantly upon it or if it be projected upwards in the
fame right line, its motion is continually retarded,
in confequence of the fame powei’s acting inceffant-
ly upon it with a contrary dire€tion : and, in fuch
cafes, the force of gravity is meafured by the acce-
leration or retardation of the motion produced in a
given time, by the power continued uniformly for
that time: but if the body defcend or afcend along
an inclined plane, or move in a refifting medium,
then, in meafuring this power, due regard muft be
had to the principles of mechanics defcribed in the
preceding book.  Tbirdly, when a body is projected
in any direction different from the vertical line, the
direction of its motion is continually varied, and a
curve line is defcribed, in confequence of the incef-
fant altion of the power of gravity, which in fuch
cafes 1s meafured by the flexure or curvature of the
line defcribed by it; for the power is always the
greater, ceteris paribus, the more it bends the way
or courfe of the body from the tangent or direction

in
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in which it was proje¢ted. Effets of the power of
gravity, of each kind, fall under our conitant ob-
fervation, near the furface of the earth; for the fame
powér which renders bodies heavy while they are at
reft, accelerates them when they defcend perpendi-
cularly, and bends their motion into a curve line
when they are projected in any other direction than
that of their gravity. But we have accefs to judgé
of the powers that act on the celefial bodies by the
effeéts of the laft kind only: we fe¢ bodies near thé
earth faﬂmg towards it ; but this is a proof of the
moon’s gravity that cannot be had, dill the prefent
ftate of things comes to 1its dlﬁh’]ﬂt’!ﬁﬂ When a
body is projected in the air, we do not fee it fall in
the perpendicular towards the earth, but we fee it
falling every moment from the tangent to the curve,
that i1s, from the direftion in which it would have
moved if its gravity had not acted for that moment.
And this proof we have of the moon’s gravity : for
tho” we do not fee her falling directly towards the
earth in a right line, yet we obferve her defcending |
every moment towards the earth from the right line.
which was the direftion of her motion at the begin- |
ning of that moment ; and this is no lefs evidently a |
pmnf of her being afted upon by gravity, or fome |
power like to it, than her rectilineal defcent would |
be was fhe allowed to fall freely towards the earth,

-
" |
"!

. If we had engines of a fufficient force, bodies
mlght be projetted from them {o as not only to be
carried a vaft way without falling to the earth, but fo
as to move over a quarter of a great circle of it, of
(abftralting from the effetts of the air’s reﬁﬁancg
fo as to move round the whole earth without touc
ing it, and, after returning to their firft place, com-
mence a new revolution with the fame force they
firft reccived from the engine, and after that a third,

: and
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and thus revolve as a moon or fatellice round the
earth for ever, If this could be effeted near the
earth’s furface it might be done higher in the air
even as high as the moon, could the engine, or ;Z:
equivalent power, be carried up and made to act
there. By increafing the force of the power, a body
proportionally larger might be thus projected : and,
by a power fufficiently great, a heavy body not infe-
rior to the moon might be put in motion at firft;
which, being perpetually reftrained by its gravity
from going off in a right line, might revolve for
ever about the earth. Thus Sir Ifaac Newton {aw
that the curvilineal motion of the moon in her orbit,
and of any proje&ile at the furface of the earth,
were phenomena of the fame kind, and might be
explainéd from the fame principle extended from the
earth {o as to reach the moon; and that the moon
was only a greater projectile that received its mo-
ion, in the beginning of things, from the Almighty
uthor of the univerfe.

4. But, to make this perfettly evident, it was
eceflary to thew that the powers which act on the
oon, and on projectiles near the earth, and bend
eir motions into a curve line, were dire&téd to the
me centre, and agreed in the quantity of their force
s well as in their diretion.  All we know of force
lates to itsdiretion or quantity, and a conftant co-
cidence and agreement in thefe two relpeéts is fuf-
cent ground to conclude them to be the fame, or
imilar, phenomena derived from the fame, or from
ke caufes, [t was thewn in the laft chapter, that
e gravity of heavy bodies is directed towards the
entre of the earth; and it appears from the obfer-
tions of aftronomers, that the power which acts
n the moon, mceﬁ'a.ntly bending her motion into a

ﬁwr:, 15 directed towards the fame centre: for they
S find
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find that the moon does not defcribe an exact circle
about the earth ; but an ellipfe or oval; and that
fhe approaches to the earth, and then recedes from
it, in every revolution, but {o as to have her motion
accelﬁratﬁd while the appmaches to the centre of the
earth, and retarded as fhe recedes from it; which 1 15
an mdlcatlnn that the 1s atted on by a power diretted, :
accurately or nearly, towards the centre.

That this may appear more fully, let us {'up- ',
pufe that a body s projected in any right line, and,
if no new force aét upon it, then muft it proceed | m
that line, defcribing equal fpaces in equal times, by
the firft law of motion 3 and if you imagine a rajt
drawn always from the body to fome fixed point,|
that is not in the line of its motion, while the body
moves over equal fpaces in equal times, that ray w1li
defcribe equal triangular fpaces * in equal times 5:

* All the reafoning here {uppofes only one propofition VEry
generally known, that ¢ triangles on the fame bafe, or on equai
bafes, that have the fame height, are equal to each other ;'
from which it eafily follows, 1. " That while a body by an um--
form mation deﬁ:nbes the line A F, (Fig. 52.) and moves over
the equal parts a B, BC, in equal times, the triangles deferibed
by a ray drawn always from the body to the given point 5, «wiz.
Ase, Bsc, muft be equal, becaufe their bafes as, Bc are equal,|
and they have their common vertex ins. 2. Suppofe a force to|
att on the body in 5, direéted toward s, that would carry it o
g, if it afted alone upon the bnd}r. in thc {ame time in whicﬁ
the body by its uniform motion would defcribe & ¢, and the
body will now defcribe sp the diagonal of the parallelngra%
B E D inthe fame time, and the ray drawn from the body to
will deferibe the l:rmngle Bs D equal to B s ¢ becaufe they are u‘%
the fame bafe 8 s and between the parallels s, co 5 that is, th
fpace defcribed now by the ray is equal to the fpace that wo
have been defcribed by it if no new force had acted on the budgt
8 : from which it appears, that the fpace defcribed by the ray
not increafed or diminifhed by any a&tion of the body direéted
towards s, and therefore the ray drawn from the body to s wilk
ftill continue to defcribe equal fpaces in equal times, if no new,
force act upon it but what is directed towards s.

becaufe’

%
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becaufe thefe triangles, defcribed by the ray in equal
| times, witl have equal bafes on the line of projeétion,
and one common vertex in that fixed pomnt. Sup-
pofe next that a force, direted to the fame fxed
point, acts upon the body, and it will now be car-
ried out of the firft line of its motion into a new di-
rection, but the area or fpace defcribed by the ray,
drawn always from the body to that fixed point, will
ibe equal to the fpace that would have been defcribed
by the ray in the fame time if ro fuch force had
acted upon the body ; for thefe fpaces are triangles
ftanding on the fame bafe (viz. the firft diltance of
the body from that fixed point) and between the
ame parallel lines. The power, therefore, directed
fowards the given point has no eftect on the magni-
fude of the area or fpace defcribed by the ray that is
uppofed to be drawn always from the body to that
boint ; it may accelerate or retard the motion of the
pody, but affects not the area, Therefore the ray
uft {till continue to defcribe the fame fpaces in
Iqual times abourt the given point, as it would have
fone if no new force had acted on the body,- but it
ad been permitted to proceed uniformly in the line
f projection,

| 6. As one impulfe towards the given point hds no
tiect on the area, or fpace, defcribed by the ray
nding always from the body to that point, {o any
mber of fucceflive impulfes direted to the fame
bint can have no effect on that area, {o as to acce-
ate or retard its defcription ; and, if you fuppofe
je power directed to that point to act continually,
will bend the way of the body’s meotion into a
grve ; and may accelerate or retard its velocity,
t can never affett the area defcribed in a given
e by the ray fuppofed to be drawn always from

 body to the given point; which therefore will
S2 be
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be always of an invariable quantity, equal to that
‘which would have been defcribed in the fame time,
if the body had proceeded uniformly in a right lme,
from the beginning of the motion.

7. 'The converfe of this theorem fhews, that the
equable increafe of the areas defcribed by a ray,
drawn always from a body to a given point, is an
indication that the dire€ion of the power that aét:
upon the body, and bends its way into a curve, i
dire&ted to that point. It is eafy to fee, that if thay
power was directed to either fide of the point *, 1
would increafe or diminifh the area defcribed by the
ray drawn from the body to the point; {o that i
equal areas continue to be defcribed about it in equa
times, we may be aflured that the power is directes
to that point. If a body defcribe a circle with a
equable motion, fo as to move over equal arcs 1
equal times, the areas defcribed in equal times by
ray drawn from the body to the centre of the circl
will be equal, and it is plain that the force whic
bends the body into the curve muft tend to th
centre ; for if it was directed to any other point, th
body would be accelerated in its motion as it af
proached to that point, and retarded as it remove
to a greater diftance from it. We have explaine
this propolfition at fome length, becaufe it is of t
greateft confequence in this philofophy. From it ®
learn, that the force which retains the moon in h
orbit is directed to the centre of the earth, becau
fhe defcribes, by a ray drawn to the centre of il
earth, equal fpaces in equal times, being accelerate

* If a new force acted upon the body at B, that was di &t
to either fide of s, the body, inftead of being found in th ‘F
cp, would, inthe fame time, either pafs that line or fall fh
of it, and the area defcribed by the ray drawn from the bod
would either be greater or lefs than Bse.
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in her motion as the approaches to the earth, and
retarded as fhe recedes from it. We fhall, after-
wards, fee that a fmall inequality in thefe fpaces only
ferves to confirm our author’s philofophy.

8. There is, therefore, a power which a&ts on the
moon, like to gravity, directed to the centre of the
earth ; and as this power makes her fall from the
direction of her motion every moment towards the
earth; fo, if her projettile motion was deftroyed,
the fame power would make her fall to the earth, in
a direét line: and becaufe this power acts inceflant-
ly, bending, every moment, her way into a curve,
it therefore would make her defcend to the earth
with an accelerated motion, like that of heavy bo-
dies in their fall. It remains only to thew, that the
power which acts on the moon agrees with gravity in
the quantity of its force, as well as in all other re-
fpects. But, before we compare them in this parti-
cular, we are to obferve, that the power which aés
upon the moon is not the fame at all diftances from
the earth, butis always greater when fhe is nearer to
the earth. To be fatisfied of this, it is only necef-
fary to fee that to bend the motion of a body into a
curve, when it moves with a greater velocity, re-
quires the action of a greater power than when it
defcribes the fame curve with a lefs velocity.  This
is obvious enough, but may appear more fully thus :
magine a tangent (Fig. 53.) drawn at the beginning
f a fmall arc defcribed by the body, and as this is
e line which the body would have followed if no
w power had acted upon it, the effett of that
wer is eftimated by the depreffion of the other ex-
remity of the arc under that tangent: now it is
lain, that in arcs of the fame curvature or flexure,
he greater the arc is, the farther mult one extremicy
of it fall below the tangent drawn at the othér ex-

S 3 tremity
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tremity 5 and confequently when a body defcribes a
greater arc, it muft be aéted on by a greater power
than when it defcribes a leffer arc in the fame ume.
Now as the moon approaches to the earth, her mo-
tion is accelerated, is fwifteft at her leaft diftance,
and {loweft at her greateft diftance, and the arcs
which fhe defcribes at her greateft and leaft diftance
have the fame curvature, therefore the force which
ats upon her at her leaft diftance, when her motion
1s fwifter, muft be the greater force.

9. It will not be difficult to fee according to what
Jlaw this power varies, at her greateft and leaft dif-
tances from the earth. That it may appear more
eafily, let us aflume a fimple cafe, and fuppofe that
her leaft diftance is the half of her greateft diftance,
If this was true, the moon would move with a double
velocity in her leaft diftance, that the area defcribed
there by a ray from her to the earth might be tqual
to the area deferibed by fuch a ray, in the {fame t.:rne,
at her greateft d1ﬂan{*e fo that fhe would defcribe at
her leaft diftance an arc, in one minute, equal to
the arc fhe would defcribe in two minutes at her
greateft dittance ; and would fall as much below the
tangent at the beginning of the arc, in one minute
in the lower part of her orbit, or the perigacum, as
in two minutes in the higher part of it, or her apo-
gazum. - 1f therefore her projectile motion was de-
ftroyed at her leaft dlﬁ:ﬂnt‘c, the would fall towards
the earth as much in one minute, as in two minutes
if her projectile motion was deftroyed at her greateft
diftance.  But the fpaces defcribed by a heavy body
in 1ts defcent are as the fquares of the times, by Bosk
II. Chap. 1, § 1135 and fuch a body de{'cends thro’
a quadruple fpace in a double tlme fo that the
moon defcending freely at her grr:ate[’c diftance,
would neceffarily fall four times as far in two mi-

nuLes
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 putes as in one minute. Therefore the would fall
thro” four times as much fpace, in one minute, at
her leaft diftance, .as at her greateft diftance in the
' fame time. But the forces with which heavy bodies
~ defcend, are in the fame proportion as the fpaces de-
. fcribed, in confequence of thofe forces, in equal
mall parts of time; confequently the power that
- acts at thf.': leatt diftance is quadruple of that which
~ acts at the greater diftance, when the latter is fup-
- pofed to be double of the former ; or the forces are
b as 4 to 1, when the diftances are as 1 to 2. We

find, therefore, that the force which acts upon the
- moon, and bends her courfe into a curvilinear orbit,
" increafes as the diftance from the centre of the earth
“decreafes, fo as to be quadruple at half the diftance.
In the fame manner it is fhewn, that if her lealt
diftance was the third part only of her greateft dif-
tance, her velocity would be triple at the leaft dif-
tance, to preferve the equability of the areas de-
{cribed by a ray drawn from her to the centre of the
‘earth; and that the would be acted upon by a power
which would have the fame effect there in one mi-
nute, as in three minutes at her greatelt diftance ;
fo that if fhe was allowed to deicend frecly from each
diftance, fthe would fall nine times as far from the
leaft diftance as from the greateft, in the fame time ;
confequently, the power itfelf which caufes her
defcent would be nine times greater at the third part
of the diftance; or the diftances being as 1 to 3,
the force of gravity at thofe diftances would be as
g to 1, that is, inverfely as the fquares of the dif-
tances. In the fame manner, it appears that when
the greateft and leaft diftances are fuppofed to be in
any proportion of a greater to a lefler number, the
velocities of the revolving planet are in the inverfe

r_atm of the fame num’oers- and that the powers,
e 4 which
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which bend its metion into a curve, are in the ine
verfe ratio of the fquares of thofe numbers.

10. In general, let T (Fig. 53.) reprefent the
centre of the earth, avLp the moon’s elliptical mbitg
A the apogaeum, P the perigaeum, a 1 and Pk the
tangents at thofe points, a M and pN any fmall arcs
defcribed by the moon in equal times, at thofe dif-
tances ; MH, N K, the fubtenfes of the angles of con-
tact, terminated by the tangents in B and k : then
mu and § K will be equal to the fpaces which would
be defcribed by the moon, if allowed to fall freely
from the refpetive places a and p, in equal times;
and wi!l be in the fame proportion to each other, as
the powers which act upon the moon, and inflect
her courfe, at thofe places. Let a m be taken equal
to pN, and m b, paraliel to a p, meet the tangent ag
4 in b; then, becaufe the curvature of the ellipfe
is the fame at A as at p, mb is equal to Kk N3 and, |
if the moon was to fall freely, from the places p an&;
A, towards the earth, her gravity would have a
greater effett at p than at 4, in equal times, in pro-
portion as mb is greater than mu. But mb is the
fpace which the moon would defcribe freely by her |
gravity at A, in the time in which 4 5 would be de-
fcribed by her projectile motion at A ; and mu 18
the fpace thro” which the would defcend freely by her
gravity at 4, in the time in which Ag would be de-
fcribed by her projeétile motion; and thofe fpacss':
being as the fquares of the times, it follows that m A
is to M H, as the fquare of 4 b to the fquare of 4 1,
or (becaufe of the equality of the areas Tan, TPk}
as the fquare of T p to the fquare of T o. There-
fore the gravity at p is to the gravity at a, as the
fquare of Ta to the fquare of T p; thatis, the gra',,T
vity of the moon towards the earth increafes in the
fgime proportion 3s the fquare of the diftance from

the
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the centre of the earth decreafes. Sir Ifaac Newton
fhews the univerfality of this law, in all her dif-
tances, from the direction of the power that atts
upen her, and from the nature of the ellipfis, the
line which fhe defcribes 1a her revolution ; and it
follows from the properties of this curve, that, if
you take {mall arcs defcribed by the moon in equal
times, the {pace by which the extremity of any arc
defcends towards the earth below its tangent at the
other extremity, is always greater in proportion as
the fquare of the diftance from the focus is lefs:
from which it follows that the power which is pro-
portional to this fpace obferves the fame pro-
portion.

11. The moon’s orbit, according to the obferva-
tions of aftronomers, differs not much from a circle
of a radius equal to fixty times the femi-diameter of
the earth ; and the circumference of her orbit, is,
therefore, about fixty times the circumference of a
great circle of the earth ; which, by the French ma-
thematicians, was found to be 123249600 Parifian
feet. The circumference of the moon’s orbit is
ealily computed from this; and, fince fhe finifhes
her revolution in 2% days, # hours and 43 minutes,
it 1s eafy to calculate what arc fhe defcribes in one
minute. Now, to compute by what {pace one end
of this arc falls below a tangent drawn at the other
end, we learn from geometry that this {pace is nearly
a third proportional to the diameter of her orbit and
the arc fhe defcribes in a2 minute ; and by an eafy
calculation this fpace is found to be 15 Parifian
feet. 'This fpace is defcribed in confequence of her
gravity towards the earth, which, therefore, is a
power, that, at the diftance of fixty femi-diameters
of the earth, is able to make her defcend in one mi-

nute
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nute through 15.% Parifian feet. 'This power in-
creafes as fthe approaches to the earth: in order to

{ee what 1s force would be at the furface of the

earth, let us fuppofe her to defcend fo low in her
orbit as, at her leaft diftance, to pafs by the furface
of the earth. She would then come fixty times
nearer to the centre of the earth, and move with a
velocity fixty times greater, that the areas, defcribed
by a line drawn from her to that centre in equal
times, might {till continue equal.  The moon there-
fore paffing by the furface of the earth, at her low-
eft diftance, would defcribe an arc in one fecond of
time (which is the fixtieth part of a minute) equal
to that which fhe defcribes in a minute at her prefent
mean diftance, and would fall as much below the
tangent at the beginning of that arc in a fecond, as
fhe falls from the tangent at her mean diftance in a2
minute 3 that is, fhe would fall near the furface of
the earth 15:% Parifien fect in one fecond of time,
Now this 1s exactly the fame {fpace through which
all heavy bodies are found by experience to defcend
by their gravity, near the furface of the earth, as
we obferved above. The moon, therefore, would
defcend at the furface of the earth with the fame ve-
locity, and every way in the fame manner, as heavy
bodies fall towards the earth ; and the power which
aCts upon the moon, agreeing in direction and force
with the gravity of heavy bodies, and alting incef-
fantly every moment, as their gravity does, they

muft be of the fame kind, and proceed from the -

{ame caufe.

12. The computation may be made alfo after
this manner: the mean diftance of the moon from
the earth being fixty times the diftance of heavy
bodies at the furface from its centre, and her gravity
increaling in proportion as the fquare of her diﬁfancc

rom

-
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from the centre of the earth decreafes, her gravicy
would be 60x60 times greater near the furface of
the earth than at her prefent mean diftance, and
therefore would carry her through 6ox6ox15+%
Parifian feet in a minute near the furface: but the
fame power would carry her through 6ox6o times
lefs {pace in a fecond than in a minute, by what has
been often obferved of the defcent of heavy bodies s
and, therefore, the moon in a fecond of time would
fall by her gravity near the furface of the earth 15:'-
Parifian feet ; which therefore is the fame with the
gravity of terreftrial bodies,

13. Thus Sir Jfaac Newton fhewed that the power
of gravity is extended to the moon; that fhe is
heavy, as all bodies belonging to the earth are found
by perpetual experience to be 3 and that the moon is
retained in her orbit from the fame caufe, in confe-
quence of which a ftone, bullet, or any other pro-
jetile, defcribes a curve in the air, If the moon,
or any part of her, was brought down to the earth,
and projected in the fame line and with the fame ve-
locity as a terreftrial body, it would move in the
fame curve; and if any body was carried from our
earth to the diftance of the moon, and was projefted
in the fame dire¢tion and with the fame velocity with
which the moon is moved, it would proceed in the
fame orbit which the moon defcribes, with the fame
velocity. Thus the moon is a projettile, and the
motion of every projettile gives an image of the
motion of a fatellite or moon, Thefe phanomena
are fo coincident, that it is manifeft they muft flow
from the fame caufe.

CHAP.
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(Sl - el 3

Of the folar [yfiem : and the parallaxes of the planets
and fixed flars.

1. AVING fhewed that gravity is extended
from the furface of the earth to the moon,

and to all diftances upwards, decreafing in a regular
courfe as the fquares of thofe diftances increafe, our
author did not ftop here : as any confiderable difco-
very in nature generally opens a new {cene, fo va-
luable a one as this could not be barren in Sir Jfzac
Newtsw's hands. The gravity of the moon fug-
elted to him the univerfal gravitation of matter ;
and fo fuccelsful an account of her motion led him
to explain all rhe curvilinear motions in the folar
fyltem, from the fame principle. The earth can-
not be confidered as the centre of the motions of any
body in the fyftem but of the moon only, with which
{he forms one of thofe lefler {yitems of which the
vaft folar {yftem confifts. The inferior planets,
Mercury and Venus, do not {o much as include the
earth within their orbits, but manifeftly revolve
rousd the fun; for fometimes they are farther diftant
from us than the fun, and at other times pafs be-
tween him and us, but never are feen oppofite to
the fun, or appear removed from him beyond a cer-
tain arc, which is called their greateft elongation. The
higher planets, Mars, Fupiter and Saturn, move in
orbits which include the earth indeed 5 bus it appears
from their motions, which viewed from the earth |
are fubject to many irregularities, that the earth is
not to be confidered as the centre of their orbits,
Sometimes they appear to proceed in thefe orbits
from weft to caft, fometimes they feem fationary
of
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or without motion, and at other times they appear
retrograde, or to go backwards from eaft to weft:
and thefe irregularities, tho’ different in the different
planets, are exatly fuch, in all of them as fhould
appear to us in confequence of the motion of the
earth in her orbit,

2. The motions of all the planets about the fun
are conftant and regular. They all move round
him from weft to eaft, almoft in the fame plane, in
elliptic orbits that have the fun in one of the foci,
but of which fome approach very near to circles.
Mercury pofiefies the loweft place ; where moving
with the greateft velocity of them all and in the
leaft orbit, he finithes his revolution in two months
and 28 days. The planet Venus, which is called by
us fometimes the evening ftar, fometimes the morn-
ing ftar, according as it appears to us eaftward or
weftward from the fun, and confequently fets later
or rifes earlier, is next to Mercury in the fyftem,
and revolves in about feven months and 15 days.
Above thefe next in order revolves the earth, with
ber fatellite the moon, in the {pace of a year, Mars
is above the earth, and is the firft which includes the
earth, as well as the fun, in his orbit ; which he de-
{cribes in one year, ten months and 22 days. Higher
in the fyftem and at a great diftance Fupiter revolves,
with his four fatellites, in eleven years, ten months
and 15 days, Laft of all, Saturn, with five fatel-
lites, and a ring peculiar to him, moves in a vaft
orb with the floweft motion, and finithes his period
in twenty-nine years, five months and 27 days.

3. Suppofe the earth’s mean diftance from the
fun to be divided into 100 equal parts, then the
mean dittances of Mercury, Venus, Mars, Fupiter
and Saturn, from the fun, fhall confift of nearly 38,

6 723
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72, 152, 520 and 954 fuch parts, refpectively.
Or if they be r&qmrf:d with greater exaltnefs, let
the earth’s mean diftance be rePrefcnted by 1ooo00,
and the diftances of thofe feveral planets fhall be re-
prefented by the numbers 38710, 72333, 152369,
520096, 954000, refpectively.

The diftances of Mercury and Venus are deter-
mined by their greateft elongations from the fun.
Let s (Fig. 54.) reprefent the fun, T the earth, and
fuppofing av s the orbit of Venus to be perfeétly
circular, draw Tv a tangent ; then fhall v reprefent
the place of Venus where her elongation from the
fun 1s greateft, and the triangle s v T being right an-
oled at v, it follows ‘that s, the diftance of the
earth from the fun, is to sv, the difltance of Venus
from the fun, as the radius to the fine of the angle
s Tv the greateft elongation of Venus from the fun.
In this manner, the diftances of the inferior planets
are compared with the diltance of the earth from
the fun, The diftances of the fuperior planets are
determined from their retrogradations, and, in fuch
as have fatellites, by the eclipfes of thofe fatellites:
For example, let 1 (f7g. 55.) reprefent the planet
Jupiger, and if the right line s1, joining the cen-
tres of the fun and }’ﬂpzfa'r, be produced to M, then
fhail 1 m be the axis of his thadow, the pofition of
which is determined by the eclipfes of the fatellites,
and fhews the beliocentric place of Fupiter, . e. his
place viewed from the fun. Produce the line 175,
which joins the centres of the Earth and Fupiter, to
N, and N fhall reprefent the geocentric place of Fupi-
ter, i.e. his place when viewed from the earth.
The difference of thofe places gives the angle ~ 1 um
or T1s; the angle 1Ts, the tlongatlon of Jupiter
from the fun as feen from the earth at T, is eafily
found by obfervation ; confequently all the angles of

the
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the triangle T 15 are known, with the proportion of
its fides, which 1s the fame as of the {ines of thofe
angles ; and thus the proportion of s1, the diftance
of Fupiter from the fun, to s, the diftance of the
earth from the fun is difcovered. The angle T15s is
that under which s T the femi-diameter of the earth’s
orbit \would appear if viewed from 1, or the elon-
gation of the earth from the fun as it would appear
to a {peltator at Jupiter,

4. In the firft chapter of this book, we explained
- at length how the diftances of the celeftial bodies
are difcovered by what is called the diurnal parallax,
that is, the angle under which the {femi-diameter of
the earth would appear at thofe diftances, By this
method the diftance of the moon from the earth is
compared with its femi diameger. 'When Penus and
Mars are at their leaft diftances from the earth, it is
of ufe likewife for eftimating thofe diftances. But
in moft other cafes, the diftances of the celeftial bo-
dies are {o great, and the femi-diameter of the earth
bears {fo {mall a proportion to them, that the angle
under which it would appear, viewed at fo great
diftances, cannot be difcovered by our inftruments,
with any tolerable accuracg, Therefore aftronomers
have been obliged to have recourfe to other inven-
tions. The method propofed by rifarchus for
determining the diftance of the fun, by obferving
the time when the moon’s difk appears to be half il-
luminated by the fun, may be confidered as an at-
tempt to {ubftitute the femi-diameter of the moon’s
orbit in place of the femi-diameter of the earth.
Lets and T (Fig. 56.) reprefent the fun and earth,
1 the moon’s place when TL 1s perpendicular tosy,
at which time her difk ought to appear to us to be
bife¢ted by the boundary of light and darknefs upon
her furface; and it is manifeft that Ts, the diﬁancef

0
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of the earth from the fun, is then to T L, the diftance
of the moon from the earth, as the radius to the
{ine of the angle LsT, the complement of the angle
sTL the elongation of the moon from the fun at that
time. But this method, tho’ very ingenious, has
proved unfuccefsful 3 aftronomers finding it imprac-
ticable to determine the time of this bifection of the
lunar difk with fufficient exactnefs for this purpofe.
We learn from it, however, that the diftance of the
fun is vaftly greater than that of the moon ; for it
is obvious that the nearer the angle s T L approaches
to a right one, the greater muft the diftance st be
in proportion to T L; and that if this diftance s
was infinite, then s T L would be a right angle. Now
aftronomers find it very difficult to difcover any dif-
ference between the angle sTL and a right angle, or
between the time when the lunar difk appears to be
bifefted and the quadrature ; from which it follows
that st is vaftly greater than T L.

z. Aftronomers finding the diurnal parallax of no
ufe for determining or comparing the greater dif-
tances in the celeftial fpaces, the {femi-diameter of
the earth being too fmall a bafe for this purpofe, have
had recourfe to what they call the annual parallax.
In place, therefore, of the femi-diameter of the
earth, they fubftituted the femi-diameter of the orbit
defcribed by the earth annually about the fun; or,
in place of two ftations or {pectators, one of which
was fuppofed to be at the furface and the other at the
centre of the earth, they fubftituted one at the earth |
and another at the fun. In this manner they ob-
- tained a bafe that bears a confiderable proportion to
any diftances within the folar fyftem, and with which
they were able to compare them by accurate obferva-
tions. As, in the former cafe, they compared the
diftances in the heavens with the femi-diameter of

the
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the earth, by finding under what angle it would ap-
pear at thofe diftances ; o, in this cafe, they com-
pare the vaft diftances of the planets from the fun
with the femi-diameter of the earth’s orbit, by find-
ing under what angle this {emi-diameter appears at
thofe diftarices. This angle is greater at the diftance
of Mars than at that of Fupiter, and is greater there
than at the diftance of Saturn ; decreafing always
with the diftance, till at length it become too fimall
to be difcernible by the exatteft inftruments we have,
Let 1 (Fig. 55.) reprefent any remote object in the
fyftem, a the point where the earth paffes betwixt
the {un s and that obje¢t 1, 1T a tangent from the
| point 1 to the earth’s orbit, fuppofed to be circular :

| and when the earth is at 4, the object 1 will appear
in the fame place to the earth and fun; but when
the earth comes to T, if we fuppofe 1 to have no
motion, it will appear to the earth in the right line
TI, and will appear to have gone backward by the
arc that meafures the angle T 1s, the fame which the
femi-diameter of the earth’s orbic st fubtends at
15 and this angle being determined by obfervation,
its fine will be to the radius, as sT to s thatis,
as the diftance of the earth from the fun to the dif-
tance of the object 1 from the fun; which propor-
tion, therefore, is eafily computed by trigonometry.

When the objet 1 has a proper motion, an allgw-
ance muft be made for this'motion, after it is deter-

mined by obfervation.”

The appearances, in this cafe, may be explained
n' the following manner. Let s1 produced meet
hie {phere in which the fixed ftars are apparently
ifpofed in M, let the two tangents 1t and £ 1 meet
ht fame in N and 7, and i'uppaﬁng the object 1 to
ibrate continually between v and # like a pendu-

um, imagine this arc n7 ifelf to be carried along
T the
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the arc pmE with the proper motion and diretion

|

of the object 1. If i reprefent a planet, the arc N7
which meafures the angle n1# or T1¢#, will fhew
how much the planet is retrogade, the half of which,}

¥

angle is s1T3; which being known, the proportion
of s1tosT is computed as above.

6. We afcribe the annual motion to the earth anc@
not to the fun, according to the Pythagorean fyﬁemag
tevived by Copernicus, for many reafons ; fome of |
which were briefly mentioned in § 1. and 2. By
comparing the periodic times of the primary planets |
and their diftances from the fun, and by comparing
the periodic times of the fatellites that revolve about
Fupiter and Saturn with their refpective diftances
from their primary planets, it appears to be a gene=
ral law in the folar {yftem, that when feveral bodies
revolve about one centre, the fquares of the periodic
times increafe in the fame proportion as the cubes of
the diftances from that centre; that is, the periodic
times increafe in a higher proportion than the dif=
tances, and not in fo high a proportion as the fquares
of thofe diftances, but accurately as the power of
the diftance whofe exponent is 14, or as the number
which is a mean proportional between thofe numbers
that reprefent the diftance and its {quare, The earth
1s the centre of the motion of the moon, in all the
{yltems. If the fun likewife revolved round the
earch, we thould expe that the fame general law
would take place in their periodic times and diftances
compared together ; or that the {quare of 27 days,
%, 43 would be to the fquare of 365 days, 6%, 9%

as the cube of the moon’s diftance from the earth’

to the cube of the fun’s diftance from the fame__
from which it is eafy to compute that the fun’s dif-

tance ought to be little more than 53 times greater
than the moon’s diftance; whereas it is evident,
from










~ Chap. §. PuiLdsopricaL Discoveries.  2v4
. from the minutenefs of the fun’s diurnal parallax,
| that the {un’s diftance is fome hundred times greater
~ than the moon’s diftance from the earth: But if,
- with Copernicus, we fuppofe the earth to revolvé
. about the fun, in an orbit placed betwixt thofe of
- Venus and Mars, this law will be found to obtain
- between the periodic times and diftances of the earth
- and any of the planets from the fun compared toge-
ther ; and the harmony of the fyftem will appear
- complete. The retrogradations and ftations of the
planets, and the many apparent irregularities in their
. motions and diftances from the earth, furnifth us with
{o many arguments againft the Ptolemaic {yftem, ac-
- cording to which thofe appearances are explained

by a number of perplexed folid orbs ard epicycles;
in a manner ‘uniworthy of the noble fimplicity and
beauty of nature. It is likewife to be remarked;
- that thofe inequalities are different in the different
~ planets, but in each of them are fuch as ought to
»arife from the annual motion of the earth, The
arguments derived from the magnitude of the fun;
and its great ufefulnefs to all the bodies in the
| {yitem, which feem to entitle it to the molt centric
i Eiace, are too obvious to require our infilting on
‘them. The earth and planets revolve about the
fun, in order to enjoy the benefits of his light and
‘hear ; but no reafon appears why the fun and planets
dhould revolve around the earth,

- 7. There i3 but one argument againft the annual
motion of the earth that delerves any notice, viz.
The want of an annual parallax in the fixed ftars.
Let T At (Fig. 57.) reprefent the earth’s orbit about
[the fun s, Tx the axis of the earth, and 7», paral
el to T x, fhall reprefent the pofition of the fame
|ax1s at the oppofite point £.  Suppofe T x to be di-
- F-2 relted
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reCted towards the ftar p3 and it is manifeft that the
axis of the earth will not be directed to the fame ftar
when it comes to the {ituation £, but will contain |
an angje & ¢ p- with the lme £ » joining the earth and
ftar, equal to the angle 7 p T, under which the dia-"
meter, T ¢ of the earth’s orbit appears to a [pectator,
viewed from the ftar p, It might be expected;
therefore, that by obferving the fixed ftar p fromy
the different parts of the earth’s orbit T, #, (which

may be confidered as two ftations in this problemy
the moft fublime of all that can be brought inte:

practical geometry,) we ought to be able te judge,

from, its different appearances at thole ftations, of

the angle T p#, and confequently of the proportion
of T p, the diltance of the ftar, to 77, the dias |

meter of the earth’s orbit, er double diftance of  the
fun. Yet it is certain that aftronomers, hitherto,
have not been able to difcover any difference in the
apparent fituatiens of the fixed ftars, with refpect to
the axis of the earth or to one another, that can
arife from the motion of the earth; the’, fince the!
reftoration of the Pytbagorean doftrine, they have
taken great pains to examine this matter. In an{wer
to this objection, it is obferved, that the diftance o 1
the fixed ftars is {o very great, that the diameter of
the earth’s orbit bears no {enfible proportien to it
lo that the angle T r# is not to be difcovered by our
exacteft inftruments. Nor is this immenfe diftance
of the fixed ftars advanced by the Copernicans as an
hypothefis, merely for the fake of {olving this ob~
jection 5. for, as they had reafon to fuppofe the fixed!
ftars like to our fun, they had ground to conclude
their diftance to be vaftly great, fince they appear to
us with {o faint a light, and of no fenfible diameter,
even in the largeft telefcopes. If we fhould fuppofe
the diftance between us and a fixed ftar to be divided
mto 300 cqual parts, and a fpectater, after paffing
QWer
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over 299 of thofe parts, fhould view it from the laft
divifion, or at 55" part of the whole diftance, the
ftar, indeed, would appear brighter to him, but not
fenfibly magniﬁtd in diameter 3 becaufe it would ap-
pear of the fame magnitude to him at that dii’tancc,
as it was in a telefcope that magnified 300 times.
The immenfe diftance of the fixed ftars hkewﬂ’e ap-
pears from hence, that when the moon or any other
planet covers them from us, this is done in an in-
ftant ; they difappear at once, and not gradually as
the more remote planets when covered by the nearer
ones. If we join thefe obfervations together, they
will rather appear to confirm one another and the
motion of the earth, than to make againft it. The
immeiife diftance of the fixed ftars, that arifes from
‘them jointly, rather ftrengthens the evidence of the
Copernican {yftem 5 becaufe the more remote the ftars
are, the more abfurd it muft appear to fuppofe fo
immenfe a fpace to revolve about our earth, fo in-
confiderable a point! that to our nmghhoanng pla-
nets it is {een but as a fmall fpark of light ; to others
of them is hardly known; and to fome of the fixed
ftars, neither it nor the whole folar {fyftem to which
it belongs is vifible. How can it be imagined that
thofe immenfe bodies, funk fo deep in the abyf(s of
fpace, defcribe daily fuch vaft rounds about fo mean
a centre; efpecially if it be confidered that it is
highly probable fome of the fixed ftars are immenfe-
ly farther diftant than others, and that all the fyftem
«nf the fixed ftars, vifible to the naked eye in a clear

night, form but a fmall corner of the univerfal
fyftem?

8. But this is not all we learn from the diligence
and accuracy of late aftronomers, in confirmation of
the motion of the earth about the fun, and that
ferves to relolve this the only material objetion

%7 againft
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againft it. An inftrument was contrived by the
famous Mr. Grabam (for a defcription of which we
reﬁ?r the reader to Dr. Smith’s excellent treatife of .
~optics) and exeeuted with furprifing exactnefs, which
being placed in the vertical line, a ftar in the con-
ftellition Draco that pafied near the zenith was ob-
ferved by this inftrument for a number of years,
with a view to difcover its parallax, by Mrs. Moly-
neux, Bradley and Grabam. They foon dlfCﬂ\?E-rEd |
that the ftar did not appear always in the fame piacc
in the inftrument, but that its diftance from the ze-
nith varied, and that the difference of its apparent
places amaunted to 21 or 22 feconds. This ftar is
near the pole of the ecliptic. They made fimilar
obfervations on other ftars, and found a like a
parent motion in them, proportional to the latltugf-:
of the ftar, This motion was by no means fuch as
was to have been expeded as the effedt of a paral-
lax ; and it was fome time before they difcovered
any way of accounting for this new phanomenon :
but at length Mr. Bradley refolyed all its varety in a
fatisfactory manner, by the motion of light and the
motion of the earth compounded together.

Let ap (Fig. 58.) reprefent 3 fmall portion of the
earth’s orbit, cp a ray of light moving from the
{tar with the dire@ion ¢p; and if the earth was at |
reft, the te[efmpe would be direéted to the ftar, by
placing it in the right line A £ parallel to pc. Let
AD be to pc, as the velocity of the earth in its orbit
to the VEIGEII.‘}’ of light, and it is manifeft that the |
telefcope muft pow be placed in the fituation ACy
that the ray of light may run along its axis, andy
after entering the middle of the c.ub ect g]afs at C,
may iffue at the middle of the eye g ﬂlafa at 4 ; be-
caufe, while the ray defcribes the rroht line cp, the
pmnt A is carried forwards to b, and the te lefcope

bY
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by moving parallel to itfelf is carried into the fitua-
tion p¢.  But the apparent place of the ftar is de-
termined by the pofition of the telefcope, and con-
fequently the ftar will appear in the right line ac,
and not in its true fituation A, Thus a ftar in the
pole of the ecliptic will appear to have its latitude
diminithed by the angle Eac or acp ; which will
e found to exceed 20 feconds, if the velocity of
light be to the velocity of the earth as 8coo to 1:
and this ftar will in appearance defcribe a fmall circle
round the pole of the ecliptic at a diftance from it of
about 20”. In other cafes, the ftar will appear to
defcribe a fmall ellipfis having its centre in the true
place of the ftar, (7. e. the place where it would ap-
pear if the earth was at reft) its tranfverfe axis paral-
lel to the ecliptic, and its{fecond axis perpendicular
to it; the former of which gives its greateft aberra-
tion in longitude, and the latter its greateft aberra-
tion in latitcude. If the ftar be in the plane of the
ecliptic, the aberration then is only in longitude. In
this cafe, if the rays from the ftar touch the earth’s
orbit in ¢ and H, and be perpendicular to it in a
and B, the motion of the earth, at ¢ and u, being
in the direction of the ray, the ftar will appear in
ts true place, and there will be no aberration at thofe
ppoints ; but the aberration in longitude will be great-
elt at s andB. He has explained all the appearances
of the ftars obferved by Mr. Molyneux ar'i(f himfelf,
in this manner ; and tho®* he has not difcovered any
parallax by thefe obfervations, he has preduced from
them a new argument for the motion of the earth,
by a feries of obfervations made on differenc ftars in
different places. He finds ground to conclude from
thefe, that the parallax of the fixed ftars can hardly
exceed one fecond ; from which their diftance ought
£0 be 400,000 greater than the diftance of the fun.

i 1l
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The true motions in the fyftem being eltablifhed,
e may now proceed fafely with our analyfis.

9. Each of the primary planets bend their way |
about the centre of the fun, and are accelerated in -
their motion as they apprﬂafh to him, and retarded

as they recedt from him ; fo that a ray drawn from
any one of them to the fun always defcribes equal
fpaces, or areas, in equal times: from which it fol-
lows, as in Chap. 2. § 5, 6, 7. that the power whlch
bends their way into a curve line muft be directed to
the fun, This power always varies in the fame man-
ner as the gravity of the moon towards the earth,

The fame reafoning by which the gravity of the

moon towards the earth at her greatelt and lea

diftances were compared. together, in Chap. 2, § 8,
9, 10. may be applicd in comparing the powers
which a¢t on any primary planet, at its greateft and
leaft diftances from the fun ; and it will appear, that
thefe powers increafe as the {quare of the diftance
from the fun decreafes. Our author thews this

generally, from the nature of the elliptic curve in

which each planet moves,

10. But the univerfality of this law, and the uni-
formity of nature, ftill farther appears bj,f comparing

the motions of the different planets. The power

which aéts on a planet that is nearer the fun is mani-

feftly greater than thar which aéts on a planet more |

remote 3 both becaufe it moves with more velocity,
and becaufe it moves in a lefler orbit, which has more
curvature, and feparates farther from its tangent, in
arcs of the fame length, than a greater orbit. ‘By
comparing the motions of the p]anets, it 1s found
that the velocity of a nearer pianft 1S greater than

the velocity of one more remote, in proportion as
the {quare root of the number which exprefies the
greater
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greater diftance to the fquare root of that which ex-
prefles the lefler diftance; fo that if one planet was
four times farther from £he {un than another planet,

the velocity of the firlt would be half the velocity of
the latter, and the nearer planet would defcsibe an
arc in one minute, equal to the arc defcribed by the
higher planet in two minutes: and tho’ the curva-
ture of the orbits was the fame, the nearer planet
would fail by its gravity as much in one minute as
the other woul fall in two, and therefore the nearer
planet would defcribe by its gravity four times as
much {pace as the other would defcribe in the fame
time, by the law of motion of falling bodies {o often
mentioned 3 the gravity of the nearer planet would
thercfore appear to be quadruple, from the confidera-
tion of its greater velocity only. But befides, as
the radius of the lefler orbit is fuppofed to be four
times lefs than the radius of the other, the lefler
orbit muft be four times more curve, and the extre-
mity of a fmall arc of the fame length will be four
times farther below the tangent drawn at the other
extremity in the leffer orbit than in the greater ; fo
that, tho’ the velocities were equal, the gravity of
the nearer planet would, on this account only, be
found to be quadruple. On both thefe accounts to-
gether, the greater velocity of the nearer planet, and
the greater curvature of its orbit, its gravity towards
the fun muft be fuppofed fixteen times greater, tho?
its diftance from the fun is only four times lefs than
that of the other; that is, when the diftances are as
1 to 4, the gravities are reciprocally as the fquares of
thefe numbers or as 16 to 1. In the fame manner,
by comparing the motions of all the planets, it 1s
found that their gravities decreafe as the fquares of
their diltances from the fin increafe,

| §
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rr. Thus, by comparing the motions of any one
“planet in the different parts of its elliptic orbit, and
the motions of the different planets in their different

orbits, it appears that there is a power like the gra-

vity of heavy bodies fo well known to us on the
earth, extending from the fun to all diftances, and
conftantly decreafing as the fquares of thefe diftances
increafe.  If any one planet defcended to the diftance
of another, it would be acted on in the fame man-
ner, and by the fame power, as that other: and as

gravity preferves the fubftance of the earth together,

and hinders its loofer parts from being diffipated by
its various motions ; fo a like power, alting at the
furface of the fun, and within its body, keeps its
parts together and preferves its figure, notwithftand-
Ing its rotation on 1ts axis.

12. In the fame manner as this principle governs
the motions of the plancts in the great folar fyftem,
it governs alfo the motions of the fatellites in the

lefler fyltems of which the greater is compofed. ]

There i1s the fame harmony in their motions com-
pared with their diftances, as in the great {yftem :

we fee Fupiter’s fatellites bending their way round

him, and falling every moment from the lines that

are the dire€tions of their motions, or the tangents
of their orbits, towards him ; each defcribing equal
areas in equal times by a ray drawn to his centre, to

which their gravity is therefore direted. The
nearer fatellites move with greater celerity, in the

{ame proportion as the nearer primary planets move

more {wiftly round the fun, and their gravity, there-
fore, varies according to the fame law, The fame
is to be faid of Saturn’s fatellites. There is, there-
fore, a power that preferves the {ubftance of thefe
planets in their various motions, acts at their fur-

faces,

e s i o it
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faces, and is extended around them, decreafing in
the fame manner as that which is extended from the
earth and fun to all diftances.

i13. Thefe fecondary planets muft alfo gravirate
towards the fun, It is impoflible they fhould move
{o regularly round their refpective primaries, if they
were not acted on by the fame powers. If we fup-
pofe them to be acted on by the fame accelerating
power in parallel lines, there will no diforder or per-
plexity arife from thence 5 for they will then accom-
pany their primary planets in their motions round
the fun, and move about them at the fame time,
with the fame regularity as if their primary planets
were at reft, It will be as in a thip, or in any fpace
carried uniformly forward: in which the mutual
actions of bodies are the fame as if the fpace was at
reft, being no way affected by that motion which is
common to all the bodies. As every projeétile,
while it moves in the air, gravitates towards the
fun, and is carried along with the earth about the
{fun, while its own motion in its curve is as regular
as if the earth was at reft ; fo the moon, which we
have fhewed to be only a greater projectile, muft
gravitate toward the fun, and, while it is carried
along with the earth about the fun, is not hindered
by that motion from performing its monthly revolu-
tions round the earth. Supiter’s fatellites gravitate
toward the fun as every part of Fupiter’s body, and
Saturn’s fatellites gravitate toward the fun as if they
were parts of Saturn.  Thus the motions in the great
folar fyftem, and in the leffer particular {yftems of
each planet, are confiftent with each other, and are
carried on with a regular harmony without any con-
fufion, or mutuvally interfering with one another,
but what neceffarily arifes from fmall inequalities in
the gravities of primary and fecondary planets, and
' the
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the want of exa& parallelifm in the directions of
thofe gravities; of which we are to treat after-

wards.

14. Nor is there any body that comes, tho’ rare<
ly and as a ftranger, into the lower parts of our
{yftem, exempted from this univerfal gravitation
toward the fun. When a comet appears, we fee the
effeét of the fame power acting on it; fince it de-
{cends with an accelerated motion as it approaches
the fun, and afcends with a retarded motion, bend-
ing its way about the fun, and defcribing equal areas
in equal times by a ray drawn from it to his centre.
This power that afts on the comets varies according
to the fame law as the gravity of the planets, as ap-
pears from their defcribing either parabolas *, or very
eccentric ellipfes having one of their foci in the cen-
¢tre of the fun: our author having demonftrated,
that the power which makes a body defcribe a para-
bola about its focus, muit likewife vary according to
the law fo often mentioned. If a body was pro-
jeted from our earth in a line perpendicular to the
horizon, with a certain force, (viz. that which would
carry it over about 420 miles with an uniform mo-
tion in a minute), it would rife in that line for ever
and return to the earth no more. Its gravity would,
indeed, retard its motion concinually, but never be
able to exhauft it, the force of gravity upon it de-
creafing as it rifes to a greater height. If the body
was projected with the fame force in any other di-
rection, it would go off in a parabola having its
focus in the centre of the earth, and never return to
the earth again. A force a little lefs would make it
move in a very eccentric ellipfis, in which it would
return after a long period to its firft place 5 if it was

% Princip. Lib. III. Prop. 43.
not

i
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not diverted in its courfe by approaching too near to
fome celeftial body. In the fame manner, a planet
projected with a certain force would go eff for ever
in a parabelic curve having the fun in its focus ; and
- if it was projected with a force a little lefs would re-
volve in a very eccentric ellipfis having its focus in
the fun, All thefe motiens, therefore, proceed from
the fame principle, acting in a various but moft re-
gular manner in different circumftances, and are all
analogous to the motions of heavy bodies projected
from cur earth. Edfects fo fimilar are to be refolved
into the fame caufe, and there is hardly more evi-
dence for {uppofing that it is the fame power of gra-
vity that ats upon terreftrial bodies in Europe and
in America, at the equator and at the poles, than
that it i1s the fame principle which ats over the
whole fyftem, from the centre of the fun to the re-
mote orb of Satur#z, or to the utmof*alttude of the
moft eccentric comet.

15. From {everal phzenomena we have reafon to
conclude, that there is an atmoiphere environing
the fun and extended from 1t to a confiderable dif-
tance. The ring of light obferved around the moon,
in a total eclipfe of the fun, in 1605, mentioned by
Kepler, and of late in 1706 and 1724, when it was
obferved to extend to g or 10 degrees diftance from
the moon, feems rather to have proceeded from the
reflexion of that atmofphere, while the folar diret
rays were igtercepted by the moon, than from the
refraction of any atmofphere about the moon. The
matter of this atmofphere appears to gravitate
towards the fun, from the effect it has upon the va-
pour which -arifes in the tails of comets from their
Nucleus and atmofphere, with a direction oppofite
io that of their gravity towards the fun. For this

vapour,
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vapour, being highly rarified, feems to arife with
this direction in confequence of the greater gravity
of the folar atmofphere towards the fun ; in the fame
manner as a column of vapour rifes in the air, in
confequence of the air’s greater gravity towards the
earth ; the rather that this vapour rifes with more
rapidity, as well as in greater plenty, in proportion
as the comet is nearer the fun. Thus there is no
fort of matter in the folar {fyftem but what we have
ground to conclude gravitates towards the fun;

16. As to the fixed ftars, they are removed t&

fuch an immenfe diftance, that their gravity toward
the {un can have no fenfible effect upon them in
many ages, and cannot appear to us by the pheno-
mena. The power of gravity decreafes in propor-
tion as the fquare of the diftance increafes; the

neareft fixed ftar feems to be feveral hundred thou-

fand times farther diftant from us than the earth is
from the fun; and therefore their gravity muft bé
fome 100000% 100000 times lefs than the gravity of
the earth toward the fun, It is not therefore front
phenomena, but from analogy only, that we can
extend the power of gravity to the fixed ftars.
There is no influence but their light only which is
able to traverfe that valt abyfs of fpace that is be-
tween us and them, {o as to have any fenfible effect.
However, as their light is every way the fame as

that of our fun, our author thinks the argument

from analogy may have its weight in this cafe. If

they alfo gravitate toward the fun, and toward each
other, then we may fuppofe that the unfathomable

void that intervenes between the {yftems of which
they are probably the centres, as the fun is of our
fyftem, may ferve to hinder them from difturbing
each others motions, and from coming together inte

one
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"one vaft unformed mafs of matter, It will not feem
iﬂrange: that where the fun itfelf is fcarcely vifible,
 the gravity toward it fhould be infenfible ; and that
|we fhould here find no effelts of any gravitation
‘toward the fixed ftars,

17. As aftion and reaftion are always equal and
in oppofite directions, fo that the.earth, for exam-
ple gravitates toward every mountain as well as
‘every mountain toward the earth, and gravitates
‘toward every projectile while it i1s moving in the air,
as well as the projectile gravitates towards it; and
‘without this law nothing would be fteady or conftant
in nature: hence it follows, that the fun gravitates -
‘toward ‘all the bodies in the fyftem, and that the
prlmary planets gravitate toward their fatellites.
' The primary planers alfo gravitate toward one ano-
‘ther; fome minute irregularities in their motions,
efpecially in thofe of :}'ﬂpﬂsr and Saturn, the two
greateft planets, when they are in cﬂnjun&inn and
come nearelt to each other, are evidences of this.
The motions of the fatellites of Fupiter and Saturn
are alfo faid to be fubject to irregularities that pro-
'ceed from their mutual actions.. From fo many in-
dications we may at length conclude, that all the
bodies in the folar fyftem gravitate toward each
other ; and tho® we cannot confider gravitation as
eflential to matter, we mult allow that we have as
‘much evidence, from the ph®&nomena, for its uni-
verfality, as for that of any other affection of bodies
whatfoever,

C-HA T,
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CH AP V.
Of the general gravitation of matter.

i. "Itherto we have confidered only the accele:
~ rating force of gravity at different diftances;
to which the velocity generated by it, in a gw&ri_
time, i1s always prﬂporti{m'al. It remains to fhew
that the motion produced by this power, at equal
diftances from a given centre, is always proportional
to the quantlty of matter in the heavy body; that |
the gravity of bodies arifes from the mutual gravi= |
tation of their parts 3 and to afcertain the law of the |
oravitation of the particles of bodies. It 15 allowed |
as to terreftrial bodies, and was confirmed frony |
many accurate experiments by Sir Ifzac Newton, that
bodies of the fame bulk and figure, tho’ of very
different kinds, fufpended by lines of the fame lengthy
performed their vibrations, when moving as pendu-
lums, exaltly in the fame time; from which it fol-
lows, that the force of their gravity is exaltly pro-
portional to their quantity of matter: ror would
there be any difference in the times of their vibra-
tions tho’ their figure and bulk were different, the
diftances between their centres of fufpenfion and
of ofcillation being equal; if it was not for the re-
fiftance of the air. It has been alrecady fhewed, tha€
the moon would fall toward the earth with the fame
velocity as any other heavy body, if fhe was at the
fame diftance from its centre ; and it is plain that
the forces of bodies moved with equal velocities are
as their quantities of matter: fo that the weight of
the moon would be to the weight of any heavy body
at the fame diftance from the centre of the earth, in
the fame proportion as the matter of the moon is ifiﬁl
4. the
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the matter of that heavy body. The primary pla-
nets are ated on varioufly in their different diftances,
but according to the law which thews that if they
were at equal diftances they would defcend with
equal velocities toward the fun, fo that their motion
would be proportional to their quantity of matter,
In the fame manner it appears, that if che fatellites
of Fupiter and Saturn were at equal diftances from
‘the centres of their refpetive primary planets, they
would defcend towards them with equal velocities.
The earth and moon, at equal diftances from the
fun, are afted upon by equal accelerating forces,
and would defcend with equal velocities toward it,
Fupiter and his fatellites would defcend with the
fame velocity toward the fun, if their projectile mo-
tions were deftroyed. The {fameis to be faid of Sa-
#urn and his fatellites. A very fmall inequality in
the accelerating forces that aét upon the primary
planet and its fatellites would produce very great ir-
regularities in their motion. In all thefe cafes, equal
velocities being generated in equal times, the mo-
tions of the bﬂ‘diES, and confequently the gravities
that pmduce thefe motions, mait be proportional to
_ the quantities of matter in the bodies ; from which
it follows, that all equal portions of matter, at equal
diftances from the centre of gravitation, are equally
heavy ; without regard to figure, bulk, or the tex-
ture of their parts: and that the gravitation of bo-
dies arifes from the gravitation of the particles of
which they are compoled.

2, Becaufe affion is always equal to reaffion, if
~you ftill fuppofe the planets at equal diltances from
the fun, and therefore gravitating toward the {un
with forces proportional to their quantities of mat-
ter, the fun will gravitate towards each of the pla-

‘nets with forces in the fame proportion, In geaeral,
3 U the
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the fame body gravitates towards any other bodies,
at equal diftances from them, with forces propor-
tional to their quantities of matter ; becaufe it gra-
vitates toward them with the fame forces with which
they gravitate towards it, which are as their quanti-
ties of matter. The power, therefore, that is ex-
tended from the centre of the fun and of each of the
planets, to all diftances around them, is, at equal
diftances from their centres, proportional to their
quantities of matter: and, in general, it appears
that the weight or gravity of a body is the greater,
in proportion as its quantity of matter is greater, as
‘the quantity of matter in the body to which it gra-

vitates is greater, and as the fquare of the diftance

from it is lefs. By compounding thefe three pro-
portions tﬁgether, the wrwht, and motion, of bo-

dies, arifing from their gravitation, may always be
determined.

g. Gravity being found, by fo many experiments
obfervations, to affeét all the matter of bodies
equally, we have hence more reafon ftill to conclude
its univerfality ; fince it appears to be a power that
acts not only at the furfaces of bodies, and on fuch
bodies as are removed at a diftance fmrn them, but
to penectrate into their fubflance, and into that of all

other bodies, even to their centres; to afe&t their
internal parts with the fame force as the external, to

be obftructed in its action by no intervening bndy
or obftacle; and to admit of no kind of variation
in the fame matter, but from its different dxﬂancem

only from that to which it gravitates, -

4. The attion of gravity on bodies arifes from its
action on their parts, and is the aggregate of thefe
actions ; fo that the gravitation of bodies muft arife
from the gravity of all their particles towards each

other,

|
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other. The weight of a body toward the earth arifes
from the gravity of the parts of the body : the gra-
- vity of a mountain toward the earth arifes from the
‘gravitation of all the parts of the mountain towards
1t.  The gravitation of the northern hemifphere
- toward the fouthern arifes from the gravitation of all
its parts towards it; and if we fuppofé the earth
divided into two unequal fegments, the gravitation
‘of the greater toward tlie lefler arifes from the gra-
vitation of all the paits of the greater toward the
deffer. Inthe fame manner, the gravity of the whole
‘#arth, one particle being excepted, toward that par-
ticle, muft arife from the quantity of gravitation of
“all thie other particles of the earth toward that par-
ticle. Every particle, therefore, of the earth gra-
vitates toward every other particle of it; and, f

‘the fame reafon, every particle of matter in the {olar
fyftem gravitates toward every other particle in it

5. We now proceed to an imiportant part of this
doltrine, to determine the law accordifig to which
‘the particles of bodies gravitate towards each other ;
after having diftovered the law which is obferved by
bodies compofed of thofe particles. To a fuperficial
enquirer; at firt fight, the former might poflibly
appear to be neceffarily the fame with the latter : but
it is eafily fhewn, that the law which is obferved ia
the attractions of the mirute particles of matter ig
often very different from that which is obferved by
{pheres compofed of fuch particles. If, for exam-
ple, the gravitation of the particles decreafe in the
fame proportion as the cubes of their diftances in-
creafe, ot in any higher proporticn, the {pheres com-
pofed of fuch particles will not gravitate towards
each other with forces that decreafe in the fame pro-
ortion as the cubes of the diftances of their centres
creafe, or in that higher propdrtion ; for fpheres

Uz - 10
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in contatt fhall attratt each other, in thofe cafes,
with a force infinitely greater than when they are re-
moved fo the leaft diftance from contatt, thﬂ there
be very little difference betwixt the diftances of their
centres in thofe two cafes. This made it neceflary
for Sir Ifaac Newton to treat of this fubject fully 5
and as it is a very ufeful part of the theory of gra-
vity, but not to be underftood, as he has d!slr:?ered
it, without a profound fkill in geometry and prolix
computations, we fhall endeavour to deferibe it in a
more ealy manner, by chufing (as on other occa-
fioms) the moft fimple cafes. Suppofe, firfl, that
‘the gravitation towards any particle decreafes in
famc proportion that the {quare of the diftance frn
it increafes, letpPaEg, PBF (Fig. 59.) be fimila
cones con ﬁ{hng of * fuch particles, terminated b
{pherical bafes a e, Bré that have their centre 1;1._.'
p 5 and the gravitation at p toward the folid pae a5
will be to the gravitation at p towards PBF &, as P 4
to pe, or in the fame ratio as any homologous ﬁd
of thefe fimilar folids. For let mnm be any fﬂrf
{imilar to A E ¢, having its centre likewife in p;
the gravitation towards the furface 4 & 2 will be
that towards v ~, in the ratio compounded of th
direct ratio of the furface Ar 2 to MmN m (or PA *to #
rm*) and of the inverfé ratio of pa® topmM?, tha 'E
is, in the ratio of equality ; confequently, the gra-
vitation towards the furfacc A x4 a being reprefentec ,;'
by a, the gravitation towards the folid pax 4 wilk:
bt reprefented by aXra, and that towards the fimi-
lar {olid pBr# by axpe, which are in the ratio =r‘fj
pa to pB. In the fame manner, the gravitation
towards the fruftum that is bounded by the furfacr.&ﬂf
Ara, mxm, is reprefented by axam. It is evi-
dent, likewife, that tho’ the furfaces Azeand MmN =
be of any nther form, yet the ultimate ratio of the

gravitations at p tewards the conical or pyramidical
folids

b mm’ |

2



Chap. 4. PurLosornicar Discoverrizs. 293

folids PAEa, pMNm, is that of pa topm; and
that if a g and m ¢ be perpendicular to pu in @ and
g, thefe forces reduced to the direction pu will be
ultimately in the ratio of pQ torg. Whence it ap-
pears, that, if P2 be equal to B4, the attraétion of
the particle p by the cone p 8 &, with which the par-
ticle is in contact, will be equal to the attraCtion of
the fruftum of the cone terminated by the furfaces
A Ea, BF b, when the attration of the particles is
{fuppofed to increafe as the {quare of the diftance de-
creafes 3 and that, in this cafe, the attraction of a
portion of matter is not much greater when it is in
contact with the particle attrated, than when it is

removed to a {mall diftance from it. :
6. But it is otherwife when we fuppofe the at-
traction of the particles to decreafe as the cubes of
their diftances increafe, For, in this cafe, the parti-
cle p will tend to the furface M~ m with a force that
| is as the furface, or the fquare of pm diretly, and
the cube of p M inverfely ; thar is, with a force which
1s as pm inverfely, or diretly as M v the ordinate of
the =quilateral hyperbola kv 1, defcribed between
the affymptotes pa and p . Therefore the attrac-
tion of the frultum M nm A2 will be meafured by
the hyperbolic area m v 1 4 bounded by the ordinates
at a and m; and the attraction of the cone p M 7,
by the infinite hyperbelic area that is conceived to be
formed betwixt the ordinate mv and the aflymptote
pH. It follows then, that, if fuch a law could take
place, the particle p would tend towards the leaft
portion of matter in contact with it, with a greater
force than towards the greateft body at any diftance,
how fmall foever, from it. The fame is eafily
fhewn when the attraction of the particles decreafes
as any powers of the diftances, higher than their
cubes, increafe. It appears, therefore, that the at-
Us tyaction
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traction of a particle in contact with a body is not
{enfibly increafed by the addition or diminution of
new matter, at any diftance, how {mall foever, from
the contaét 5 whether this addition or diminution be
made to the body or particle ; and, in fuch cafes, the L
lefs the part:cle is, the motions produced in it at in-
finitely {mall diftances, by fuch attrations, muft be
the more violent ; becaufe the fame force. alting on
a particle generates a velocity in it that is always
greater in proportion as the part:cle itfelf is lej.'s

7. The fame things may be demonﬂrated thhuul;
having recourfe to the property of the hyperbolic
arca, let pa (Fig. 60.) be torPB, as PBtOPD3
let A B and B p be conceived to be divided into an
infinite number of fimilar equal parts s %, £/, &c.
and B, mn, &c; then Ak willbeto Bmas apte
8 b, and the matter between the furfaces whofe radii
are pa and pk, fhall be to the matter between nhe'“"
furfac:es whofe ra,dn are ppand pm, asPA*X Ak tOo
petxBm; thatis, as pa3 to pe3. The attraltive
powers of equal particles placed betwixt the furfaces
of the radii pa and p %, and the furfaces of the radii
pB and pm, are in the inverfe proportion, or as
pe® to pa’, by the {fuppofition ; and thefe two pro-
portions cnmpnunded together give a ratio of equa-
lity. Theretore, becaufe the attractive powers of
thc matter bounded by two fuch furfaces are in the
compound ratio of the attractions of equal particles,
and of the number of particles, it follows that the
attraction of the matter contained by the furfaces of
the radii p a and P £ muft be equal to the attraction s
of the matter contained by the furfaces of the radit
pE and pr.  In the fame manner the attraction of
the matter contained by the furfaces whofe radii aré
vk and »p/, is equal to the attradtion of the ma;tteﬁ"
bf:m en the {urfaces whofe radi are P and P&3
i and
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and the attraction of the fruftum a £ 438 rd is equal
to the attraction of the frultum Brépcd. Inthe
fame manner, if pB be to pp, aspD to p H, the
attraction of the fruftum pcdur b appears to be
equal to the attraction of the fruftum A gaBrd;
and if this feries of decrealing geometrical propor-
tionals be continued, the attraction of the fruftum
contained by furfaces whofe radii are any two fubfe-
quent terms of the progreffion, muit be equal to the
attraction of the firft frultum aeas ré.  Butin this
decreafing progreffion continued from p 8 the num-
ber of terms is infinite ; and in the folid p B ¥ & there
1s an infinite number of fruftums, the attraction of
each of which is equal to the attrattion of the firtt
fruftum terminated by the furfaces AE 4, Brb; there-
fore the attraltion of the folid B r 4, which is in
contact with the particle p, 1s infinitely greater than
the attrattion of the fruftum bounded by the fur-
faces aAra, Brd, which is the greater folid, but is
removed from the contact of the particle p. We
bave taken this opportunity to illuftrate and demon-
dtrate this theorem here, becaufe it will be of ufe to
us afterwards, and ferves to thew the advantages of
the law of gravity which takes place in the folar
fyftem above other laws; tho’ thele, on other occa-
fions, may be preferable.

8, The gravitation of the particles being fuppofed
to decreafe as the fquares of their diftances increafe,
the forces with which particles, imilarly fituated wich
refpect to [imilar homogencous folids, gravitate
towards thefe {olids, are as their diftances from any
points {imilarly fituated in the folids, or as any of
their homologous fides. For fuch folids may be
conceived to be refolved into {imilar cones, or fruf-
wms of cones, that bave always their vertex in the
particles, and the gravitation towards thefe cones, or

U fruftums,
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frufiums, will be always in the fame ratio by § 5.
Bur if the gravitation of the particles decreafe as
the cubes of the diftance increafe, the forces, with
which particles, fimilarly fitvated with refpect to
fimilar homogeneous folids, tend toward thofe folids,
{hall be equal.  For fuch folids being refolved into
fimilar fruftums of cones that have always their ver-
tex in the particles, and are {imilarly fituated with
refpect to them, the gravitation towards thefe fruf
trums will be always cqual, by what was fhewn in
the laft article ; in the {ame manner as the forces
with which the particle p tends toward-fimilar fruf-
tums AE2BFf, DcdHR b were demonilrated to be
equal.

9. The gravitation of the particles being fuppofed
to decreafc as the {quares of their diftances from each
other increafe, if a particle be placed within the hol-
low folid generated by the annular fpace terminated
by two concentric circles, or fimilar concentric el-
lipfes, ap8E and adbe, (Fig. 61.) revolving about
the axis aB, 1t fhall have no gravity towards this-
folid. For let p be any fuch particle, p# any right
line from p that meets the internal circle or ellipfe in
any points f and ¢, and the external figure in ¥ and
75 then if xr be bifeéted in 2, fq will be likewife
bifect:d in z, becaufe the figures are fimilar and fimi-
larly fitvated 5 confequently f# is equal to g7 ; and
the gravitations of p towards oppolite fruftums of
the folid that have their vertex in p, and are termi-
nated by the fame right lines produced from p, with |
oppofite directions, will be always equal, by § 5.
and mutually deftroy each others effe®. It follows
from this, that the gravity of any point q_in the
femi-diameter ¢ p, towards the fphere or fpheroid,
1s to the gravity at p, as cq_to p ¢, fuppofing the
point _to be within the folid ; becaufe the gravita-

- fon
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tion towards the {olid generated by the annular {pace,
which is included between ap® and a2, has no
effeCt upon a particle at q; fo that the gravity at o,
towards the whole folid A pBE is the fame as the gra-
vity at q towards the folid ad be, which is to the
gravity at p towards the folid Apse as cq tocp, -
by the laft article. It appears, therefore, that when
a fphere or {pheroid, of an uniform denfity, confifts

- of particles that ateract with a force decreafing as the
fquare of their diftance increafes, the gravitarion
towards the {clid decreafes from the furface to the
centre, in any given {emidiameter, in the fame pro-
portion that the diftance from the centre decreafes.

10. Suppofe now the particle p (Fig. 62.) to be
placed without the fphere ApsE, at the diftance
P ¢ from the centre ¢ 3 and this particle (hall be at-
tracted towards the fphere with a force that decreafes
as the fquare of the diftance pc increafes, For let
pNM be any right line from p meeting the gene-
rating femicircle A p B in & and M, and the arc c 1,
- defcribed from the centre p with the radius pe, inL;
let pnm be another fuch right line from p, confti-
tuting an infinitely fmall ang]e with PM, meeting
the femicircle in », m, and the arc cH mf draw
LR, lr, perpendicular torpc inr and7, and cv
perpendicular to pmM in v. Suppofe another circle
Adpe to interfect the circle apse in the axis
A B, and to conftitute with it an infinitely {mall
angle; and let L# and /&, perpendicular to the
plane Ap B, meet A 4B in # and x, 'Then the gra-
vitation of the particle p, towards the matter in
the phyfical furface L#x/, fhall be meafured by
"::I; * or L::" , confequently the gravitation of p
towards the pyramidical fruftum, terminated by the
circular planes A p g and A d B, and by planes per-

pendicalar
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pendicular tn apB in NM and #m, fhall be mea-

fured b}r ZEX E% N M, by § 5. of this chapter, But, A

the angle cc}ntamed by the planes ap B, ad e, being |
given, "L is to LR, as D d, the arc intercepted by
thefe circular planes at the diftance cp, to cD (or |
ca;) and, L/ being tor#, as pL, orpc, tDLR,rE
fo that L /XLR is cqual topc Xr 7 it follows that 4
the gravitation of p towards that fruftum fhall be

/ 1
Hﬁﬂhmﬂ bY L{XLREXZVMXxDd or Rrx2VvMXD4A

&

T FPCXCTa E
This gravltatmn is reduced to the dire€tion p c by |

diminifhing it in the ratio of pv, orp R, toPC3
dxrrxrer A

and is then meafured by -

X2VM3 qr;,

caxrc?®
(the ﬁmultanenus increment of v M being reprcfcnted
by vo, and Pr*, or Pv?, being equal to vM*4
NpM, by Eucl. 2. 6. or to vM*+4aPBE, fo that
APE being conftant, the increments of pr*® and

vu? muft be equal, and r 7Xp R equal to voXvm) |
b Ddx2VMIXVO

— 5 which is the fimultaneous incre- ;_;
CAXPC ;

£ R4x2M? i the fame manner as the i lnCrE- |

meEnt o
cax;rc.

ment of vM*, while vm acquires the infinitely fmalli
augment Vo, is 3v m*Xx vo. Therefore the attrac- |
tion of the part of the {lice of the fphere terminated |

by the circular planes Ap B, ad s, which is cut off

by a plane perpendicular to Ap B in the right line

pd zvwm?
Gl e S and the attration of the

3 FC
portion of the {phere which is generated by the re-q
volution of the ffgrnent MDN about the axis AR
bearing the fame proportion to the attraction of that
flice, as the circumference of the whole circle I;D the
e z2wvmd !
arc pd, it is meafured by s 5 where 7 ex-

-
1

prefies the ratm of i.hﬂ mnmmﬂrr:ncﬂ (}f a cugle to
3 ' the
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the radius 3 and confequently is direétly as the cube
of the chord MmN, and inverfely as the fquare of
p c, the diftance of the particle p from the centre of
the fphere. Hence the gravity at p towards the
whole {phere is as the cube of its diameter, or its
‘quantity of matter (the denfity being given) direct-
1y, and the {quare of the diftance pc inverfely, the
chord m N coinciding with the diameter a B, when
the attraction of the whole fphere is confidered ; fo

2Cal

'rthat this attraction is meafured by .;.x =T

11. It appears from what has been fhewn, that
any particle p, without the fphere, is attralted by
it with the fame force as if the whole matter of the

Aphere was colletted in the centre, and attralted as
- one particle from that centre. For the circumference

of the circle A BE is exprefled by —X c 4, its area

by .%x 5.‘.";, the furface of the fphere by -E-x 2047,

2c A3

| and its folid content by ;3 fo that the at-

traction of this folid content acting from the centre
c, at the diftance pc, is meafured by ,2¢2’
: ¥l PICTy
the very fame which meafures the attradtion of the
fphere at that diftance, by the laft article. The
fame is to be faid of the gravity towards the aggre-
gate of any number of fuch {pheres that have a com-
mon centre ; from which it follows, that however
variable the denfity of a {phere may be at different
diftances from the centre, provided the denfity be
always the fame at the fame diftance from it, the
gravity of a particle (that is not within the fphere)
towards it will be as the quantity of matter in the
fphere direCtly, and the fguare of the-diftance of the
4 : parti-
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particle from its centre inverfely. If the attrattion
of the particles increafed or decreafed in the fame
proportion as their diftances increafe or decreafe, the
fphere would aét, in this cafe likewife, in the fame
manner as if all its matter was lodged in the centre
as one particle; but the cafe is different when the at-
traction of the particles obferves other laws, Sup=
pofe that the attraction of the particles is inverfely
as the power of the diftance of any exponent # lefs|
than 3, and the attraction of a fphere confifting of
fuch particles, at its furface, will be to the force with
which the whole matter of the fphere colletted i

its centre would attract at the fame diftance,
axX2 to g—axs5—mn If, for example, the
attration of the particles be the fame at all diftan

(in which cafe we fuppofe #=—o0) this ratio is that of
4 to 53 and if the attraction of the particles be in-
verfely as their diftance, it is that of 3 to 4; as we’
have thewn elfewhere *, =

12. Having fhewn that when the particles gravi=
tate towards each other with forces that are inverfely
as the fquares of their diftances, the action of a
{phere upon a particle placed without it obferves the
fame law as that of the parricles themfelves, and de-
creafes in the fame proportion as the fquare of the
diftance of the particle from the centre of the fphere’
increafes ; it follows, becaufe #é7ion and reaftion are
equal, that the particle will attract the fphere by a
force varying in the fame proportion ; and if, In
place of the particle, a fecond {phere be fubftituted
confifting of fuch particles, fince the total attion of
this fecond {phere will be the fame as if all its matte:ﬁ
was lodged 1 its centre, therefore the two fpheres

d Treatife of Fluxions, § goz.
muft
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muft obferve the fame law, in acting upon each
other, as two particles placed ‘in their centres; that
is, their attraétion muft decreafe in proportion as
the fquare of the diltance betwixt their centres in-
creafes.

13. The gravitation of bodies having been re-
folved by Sir Jjaac Newton into the gravitation of
their particles, and the law which is obferved by the
gravity of bodies having been difcovered from the
gha:numena defcribed at length above; it appears
rom the preceding conclufions, that the gravity of
the particles of which the bodies are compounded
obferves the very fame law. He was likewife en-
abled, by the fame fteps, to determine the progrefs
of gravity from the centre of any fphere to the
| greateft diftance from it. At the centre a particle
can have ne gravity at all, being equally attrated
every way by the matter of the fphere about it. . If
it is placed within the fphere at fome diftance from
the centre, its gravity will be the greater, the greater
this diftance is, by § 9 ;5 for thefe parts of the {phere
only having an effect upon it that are at a lefs dif-
tance from the centre than itfelf, and its gravity
being as the attracting matter direétly and the fquare
of the diftance from the centre reciprocally, fince the
matter is as the cube of the fame diftance, the gra-
ity muft be as the diftance itfelf. From the centre
to the furface, its gravity increafes in proportion as
its diftance from the centre increafes 5 at the furface,
its gravity 1s greateft ; and from the furface upwards,
its gravity decreafes in proportion as the fquare of its
diftance from the centre increafes; regularly ob-
ferving this law to the utmoft limits of fpace. Here
we fpeak of the accelerating power of gravity, which
1s proportional to the velocity that it is able to gene-
rate in any given fmall moment of time; and fince

it
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it generates the fame velocity in the famé time in all

bodies whatfoever at the fame diftance, it follows
that their weight or motion arifing from it, muft be

proportional to their quantities of matter. In ge-'rﬁ
neral, to eftimate the weight or motion of any{phere
that is attracted by another whofe parts are equally'g
denfe at equal diftances from its centre, we are to |
meafure it by compounding three proportions; that |
of the matter in the heavy bodies that gravitate,
that of the matter in the attracting {pheres to which |
they gravitate, and the reciprocal proportion of the |
fquares of the refpective diltances betwixt the cen- |
tres of the fpheres that tend towards each otherj |
and this is the law which we found from the pha:— '
nomena to take place in the fyftem. See ars. 2. of

this chapter. - a

4. Thus Sir Ifaac Newton difcovered and fully
defcribed, from undifputed obfervations and unex=
ceptionable calculations, this fimple principle of the |
oravitation of the particles of matter towards each
other ; which being extended over the {yftem to all |
diftances, and diffufed from the centre of every
globe, is the chain that keeps the parts of each toge-
ther, and preferves them in their regular motions
about their proper centres. The fame gravity, |
which i1s fo well known to us on the earth, affetts
them all; the whole mafs of the fyftem is, in this
refpect, of a piece; and this one principle, fo regu-
larly diffufed over the whole, fhews' one general in-
fluence and conduct, flowing from one caufe equally
active and potentevery where, Several obfervations |
have been made of late that greatly confirm his doc-
trine, and particularly ferve to fthew that the gravi- |
tation towards bodies arifes from the gravitation
towards their particles. Of this kind are the mea-
fures of a degree on the meridian made lately, with

great
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great accuracy, by the French mathematicians ; and
the declination of the plumb-line from the true ver-
tical, in confequence of the attraction of a great
mountain in the neighbourhood.

CA A PanVs

Of the quantity of watter, and denfity, of the fun and
planets.

H US far our author afcends by way of
analyfis, tracing the caufes from their ef-
fets, and from the coincidence, or perfe&t fimila-
rity, of many effects, fhewing the caufe to be more
general. But in order to defcend by the fynthefis,
and to determine the effefts from the caufe now
known, it was not fufficient to eftablifh the general
gravitation of the particles of matter; it was requi-
fite to determine, as far as poffible, the quantities of
the powers which act in the {yltem. We have fer:n
that there is a gravity extending from each body
the fyftem on all fides, at equal diftances from then:
centres proportional to their quantities of matter,
We know, from experience, the force of this power
at the furface of our own earth, and have feen how
to eflimate its efficacy at any other diftance. In
order to be able to eftimate all the powers in the
{yftem directed to their different bodies, it is necef-
fary to determine the proportion of their quantities
of matter to that of our earth. If this is once ob-
tained, all the powers that operate in the {yftem
being known, it will require no more but a fkilful
application of geometry and mechanics to determine
the motions and phanomena of the celeftial bodies,
which all flow from them.
2,
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2. To meafure the matter in the fun and plan 5
was an arduous problem, and, at firft fi ght {ee a-e-:__
above the reach of human art. But the principles of
this phﬂuﬁ)phy afforded a natural and eafy fuluno I;

of it in the moft important cafes, and Sir Jfaac
WNewton has determined the proportions of the mat—
ter that is in the Sun, Fupiter, Saturn, and t 1.
Mpon, to that in our Eaﬂ.b , that is, he has Ihew i
how many earths might form a Sun, a Fupiter, or
Saturn. To underftand bow he was able to dlﬁl '
ver this, we are to recollect that the matter in e:
of thefe is in the fame proportion as the force of gr _
vity toward them, at equal diftances from their ce *
tres. We know the force of gravity towards our
earth from the defcent of heavy bodies, and alfo by
calculating how much the moon falls below the tan- f
oent of her orbit in any given time, We have no!
experience of any recilineal defcent of heavy bodies
toward the Sumn, Fupiter, or Saturny but as the pri-
mary planets revolve about the fun, and their fatel-
lites rev-:::lve about Fupiter and Saturn, by computl
from their motions how much a primary planet fal
below its tangent in a gwerl time, and how much
any of Fupiter’s and Saturn’s fatellites fall below thei
tangents in the {fame time, we are able to detcrm:
the | proportion which the gravity of a primary plan
to the fun, and of a fatellite towards its primary,
bears to the gravity of the moon towards the earth
in their refpective diftances : then from the general
law of the variation of gravity, the forces that woul F-
at upon them at equal diftances from the Swn, 4
piter, Saturn, and the Earth are computed ; whi
~give the proportion of the matter contained in th

different bodies, 3
'3.'
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3. That the quantity of matter in Fupiter is
greater than the quantity of matter contained in the
earth, we may eafily learn from the motion of his
fatellites ; all of which réevolve about his centre in
lefs time than the moon revolves about the earth,
and are all, excepting the firlt, at a greater diftance
from his centre than the moon is from the earth.
The fecond fatellite is farther diftant from Fupiter
than the moon is from the earth in the proportion of
.3 to 2 nearly ; and moves in an orbit greater in the
fame proportion. But this fatellite finifhes its revo-
lution in 3 days, 13 hours, which is lefs than a fe-
venth part of the moon’s periodic time about the
earth ; confequently its motion muft be much more
iwift than that of the moon. A fatellite nearer Fu-
piter would move ftill more fwiftly than this fatel-
lite : ‘fo that if a fatellite revolved about Fupiter at
a diftance from his centre equal to the diftince of
. the moon from the earth, it would move much more

fwiftly than the moon moves about the eaith, and
therefore would be acted on by a much greater cen-
tripetal force ; for it requires always a greater force
to bend into the fame orbit a body that moves with
a greater velocity. But the quantities of matter in
the central bodies are proportional to their attrattive
powers at equal diftances, and therefore the matter
in Fupiter muft very much exceed the matter in the
earth. In like manncr, we may eaflily obferve that
Mercury revolves about the fun in very little more
than thrice the time in which the moon revolves
about the earth, and yet moves in an orbit about
140 times greater, being fo many times farther dif-
tant from the centre of his motion 3 from which it 15
ealy to fee that if a fatellite revolved about the earth
as far diftant from it as Mercury 1s from the fun,

this fatellite would move valftly flower than Mercury :
: X whence
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whence it follows that the attraltive power of the
fun muft be vaftly fuperior to that of the earth, and
therefore that the fun muft contain valtly more mat-
ter than the earth, The matter in Saturn is alfo |
found to be greater than that in the earth. From
our author’s calculations, founded on thefe princj- 1
ples, it follows that the quantities of matter in the
Sun, Fupiter, Saturn and the E:zrfb are to each other

as the numbers 1, g%+ 5oz TEveTE

stk et e

4. The quantitics of matter in thefe bodies being
thus determined, and their bulk being known from
aftronomical obfervations, it is eafy to compute what
matter each of them contains in the fame bulk 3
which gives the propertion of their denfities, Thus
our author finds the denfitics of the Sun,  Fupiter,
Saturn and the Earth, to be as the numbers 100,
04+, 607 and 400.

il i e e e e P e e

From which it appears that the earth 1s more
denfe than Fupiter, and Fupiter more denie than Sa- ¢
turi 3 that is, thofe planets which are nearer the fun

are found to be more denfe, by which they are en-
abled to bear the greater heat of the fun. This is i
the refult of our moft fubtile enquiries into nature, |
that all things are in the beft fituations, and difpofed
by perfect wifdom. If our earth was carried down
into the otb of Mercury, our ocean would boil and. -
foon be diffipated into vapour, and the dry land .
would become uninhabitable. If the earth was car-
ried to the orb of Saturn, the ocean would freeze ag
fo great a diftance from the fun, and the cold would
foon put a period to the life of plants and animals,
A much lefs varjation of the earth’s diftance fromy
the fun than this would depopulate the torrid zone
if the earth came nearer the fun, and the tempcral
zones, if it was carzied from the fon, A lefs m;‘
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at Fupiter's diftance is adapted to the greater rarity
of his fubftance : the confequences might be as fatal
in Fupiter, if he was carried into the orb of the
earth, as it would be to us to be carried into the orb
of Mercury. The fill greater rarity of Safarst is
fitted to his more remote orb ; fo that tho’ he is the
laflt of the planets, and receives go times lefs light
| and heat from the fun than we do, he may never-
thelefs be in the beft fituation that could poffibly be
affigned him in the fyltem; and there the ficuation
of Fupiter, and of all the lower planets, may appeat
las terrible as that of AMercury does to ws.  Sa/uin
| terminates the planetary revolutions ; and, as if the
theat of the fun was too weak in the higher orbs,
iwe find no bodies revolving higher, but fuch as de-
Hicend in fome part of their orbit nearer to this great
centre of light and heat. Upon the whole we have
afon to conclude, that they are all difpofed in fuch
order, and in fuch fituations, from which any con-
iiderable variation would produce fatal effeéts. The
ypothefis of Des Cartes led him to place the more
denfe planets at a greater diftance from the fun ; but
2 philofophy founded on the obfervation of nature
orrefponds better with the final caufes of things,
and proves, on every occafion, the wifdom of the
author, |

5. As aftronomers have found no fatellites re-
rolving about Mercury, Venus, or Mars, we are de-
rived of the like opportunities of comparing their
traltive powers and proportional quantities of mat-
r. But it is highly probable, from what we have
aid of the Earth, Fupiter and Saturn, that the den-
ties of the other planets correfpond to their diftances
'om the fun, and aré greater in the nearer planets,
Dur author has alfo computed the proportion of the
teractive powers of the Sun, Fupitd, Saturn, and
X 2 the
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the Earib, at their refpective furfaces, and finds
them to be in proportion as thefe numbers; 10000,
943, 529, 435, refpectively. From which it ap-

pears, that the force of gravity towards thefe very
unequal bodies approaches furprifingly to an equality |
at their furfaces ; fo that tho’ ;Jupiter be feveral hun-
dred times greater than the earth, the force of gra-

vity at his furface is very little more than double
what it is at the furface of the earth; and the force
of gravity at the furface of Saturn is but about ¢ |
greater than that of terreftrial bodies, "

6. The moft confiderable powers that a¢t in the
fyftem being thiis determined ; before we proceed to
confider their effecls, it is neceflary; firft, to enquire
‘whether they act in a veid, or if there is any medium
that refifts the motions produced by them. We
find that the air makes a confiderable refiftance to|
the motion of projectiles near the earth; which, if
it extended unto the planetary regions, would alfo
very confiderably affeét their motions. But experi-
ments fhew that the denfity of the air is prnpnrfi
tional to the force that compreffes it, and that the
weight of the {uperincumbent atmofphere is the force
which comprefics the air in every altitude ; {o that
the higher any portion of air is, having a lefs weight:
of air above it to comprefs it, it muft have lefs den-:
fity in the fame proportion : and from this it follows,
that if we abftract from the diminution of gravity,
and the altitudes from the furface of the carth be
taken in arithmetical progreffion, the denfities of the
air at thefe altitudes will decreafe in geometrical pro-
greflion *,  Since, therefore, it appears from ﬂeven%
experiments, made in France and England, that the

* See Dr. Halley in Plil. Tranf. N° 181. and Schol. Prop. Eéi
Lib. i1, Princip. o
1 denfi-

-
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denfity of the air decreafes in fuch a manner, that
at the height of feven perpendicular miles it is about

= of the denfity it has at the level of the fea at 14
miles 1|: muft be-—ng of 1t at 21 miles ¢, at 28
miles 3, at 35 miles Tm, at 42 miles 1%, at

the height of 49 miles %4 part of it, and at the
height of a femidiameter of the earth altogether in-

fenfible. It appears from the laws of motion, and
from many accurate experiments, that the refiftance
of fluids, arifing from the inertia of their matter, 1s
proportional to their denfity 3 and therefore the re-
fiftance of the air, tho’ fenfible at the furface of the
earth, would be 16384 times lefs at the height of
49 mﬂ:s, and could not be fenfible in the greateft
number of ages at the height of a femidiameter of
the earth : it muft be ftill lefs at the diftance of the
moon, which therefore, meeting with no refiftance,
continues to revolve fﬂr ever in her orbit, without
any impediment or diminution of motion. As for
a more {ubtile medium than the air, no cxpcriments
nor obfervations fhew that there is any here, or in
the celeftial fpaces, from which any fenfible refift-
ance can arife,

Xa BOOK
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The effects of the general power of gravuity df-»
duced [yntbetically,

CHAR L
Of the centre of the folar [yftem.
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neral principle of the gravitation of the par-

ticles of matter, and having determined thﬁr*
chief powers that act in the fyftem, viz. thofe which
tend to the Sun, Fupiter, Saiwrn, and the Earr:b;i
and having fﬂund that the celeftial motions are pcr-j.-
formed in free fpaces, where the refiftance is infen-
fible ; he has now prepared the way for proceeding
[ynthetically in his account of the fyftem of the
world, and enquiring into the varmus effeCts that
arife from a power fo evidently eftablithed. Any
general principle afcertained in nature is a great ac-
quifition to philofophy, efpecially when the variations
of this power, with its diretion and force, are clear-
ly determined ; and the fertility of this principle’
will appear from the various phenomena refolved
by it fynthetically, of which we are now to treat.
Sir Ifzac Newton begins with enquiring into the cen='
tre of the fyftem. The Pythagoreans alcribed this
place to the centre of the fun the followers of Ari=
ftotle and Ptolemy to the earth.  But Sir Jfaac, having
found that thefe gravitate towards each other and
towaras all the other bodies in the fyftem, neither’

SI R TIfaac Newton having eftablifhed the ge-
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of them, nor indeed any body in the fyftem, can be
{uppoled to be voud of all mc:-tic:-n.

2. It is the centre of gravity of the whole {yftem
that is the only point which can be fuppofed qu;tfwnr
in it 3 the fame point about which all the matter of
the fyﬁem would foon be accumulated, if the pro-
greflive motions of the bodies in it were deftroyed,
and their gravity was permitted to bring them toge-
ther. The mutual aftions of bodies on cach other
never affect the flate of this centre 3 their attraéting
or repelling each other produces no effect upon it ;
and it muft either be quiefcent, or proceed uniform-
ly in a right line. , All feem agreed that the centre
of the {yftem is at reft, and no realon or obferva-
tion argues for our afcribing any motion to it, The
centre of gravity of the fyftem 1s, therefore, the
only immoveable point, while all the bodies in the
fyftem move round it with varicus motions.

3. As we have our knowledge of gravity, and
the laws of nature, from what pailes on the furface
of the earth, we cannot illuftrate the motions of
the bodies of the folar fyftem, arifing from their
mutual gravity, better than by fome images we find
of them on the earth, after having fthewn {o fully
the fimilarity of the powers that aét on the parts of
the earth and on the celeflial bodies. We know
that when, by any power or machine, a body is
projetted in the air, the power realts on the earth
with an equal force, and that if the power was fuf-
ficient to project a nyountain or a much larger part
of the earth, it would a& on the remainder of the
earth with an equal force, in an oppofite direction ;
{o that while the projected part began to move in its
curve, the remainder of the earth would begin at
the fame time to move 1}1; an oppofite direction, with

4 - an
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an equal quantity of motion, but with a velocity fo
much lefs as the matter in it 1s-greater than in the
projeted part; and both would revolve in certain
orbits about the common centre of gravity, which
would continue in the fame ftate as before the pro-
jection. If, by the refiftance of the medium, the
motions of thefe parts of the earth came to be de-
firoyed, they would come together again and be
accumulated in one mafs about the fame centre. If
there were more fuch parts of the earth projected,
the centre of gravity of all would be no way affected
by fuch projections, but they would move round it,
fo that the fum of the motions on one fide of it
fhould he equal to the fum of the motions on the
other fide: and this obtains even in thofe fmall mo-
tions that are every day produced by powers and
agents on the earth.

4. The motions of the great bodies in the folar
{yftem are analogous to thefe: the different parts of
the folar {yftem gravitate to each other, as the parts
of the earth gravitate towards one another ; and the
different parts of the fyftem move in the fame man-
ner about their common centre of gravity, as the
parts into which we fuppofed the earth to be divided,
if projeéted in any direftion, would all move about
their common centre of gravity ; or as the earth,
and all the bodies that are attually projected every
day on its furface, revolve about the common centre
of gravity of the earth and thefe projectiles. Only
there is this difference, that the bodies of the great
{yftem were projected at great diftances from each
other, and in fuch a manner that the planets revolve
in orbits almoft circular, {o as not to come too near
to the fun, or to be carried too far from him, in their
‘gevolutions.  The creator of the world had in vain
made them of denfities adapted to certain diftances,

i€
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if he had not projeted them with the forces that
were requifite to preferve them revolving at thofe
diftances, or near to them ; and as the ﬂfrtdtnﬁﬁ of
the force impreflfed on thofe vaft hnmes fome of
which are many times greater than our farth, fhews
the power, its juft quantltv, varied regularly in the
different diftances of the planets, and its popee di-
rection, fhew the fkill of the firft mover. ~

- 5. We may fuppofe that all the matter of which

thc f)rﬂ:ern confifts was formed firft in one mafs,
where now the centre of gravity of the whole fyftem
1s found ; that of this mafs various bodies were
formed, and feparated from each other to proper
dlﬁann:es, where they received their projectile mo-
tions ; and that the powers which feparated and
moved them obferved the law of nature that re-
quires an equality between action and reaction, and
is obferved in all the actions of powers at prefent :
and thus thefe motions would begin, and continue
for ever, without producing any motion in the cen-
tre of gravity of the {yftem,

6. When the bodies were thus moved in their juft
orbits, we may conceive fome of them to have been
fubdivided again, by actions obferving the fame
faws, into {everal other bodies, which in like manner
were formed into lefler fyftems; as that of the earth
and moon, thofe of Jupiter and Saturn and their
fatellices. There is not any of thefe quiefcent in its
particular {fyftem ; the earth and moon move about
their common centre of gravity, while it is carried
with a regular motion round the centre of gravity of
the whole fyftem. The {fame is to be faid of Fupiter
and Saturn and their fatellites 3 and it 1s certain from
the laws of nature, that the motions in any leffer
fyﬁem about its centre of gravity, and the motion

of
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of that centre about the centre of gravity of the
whole fyftem, interfere not with each other, Al
leffer fyftem being thus formed, one of the bodies |
that compofe it n"nght be {ubdivided into lefler bodies %
that might form a {yftem of an inferior order. But |
we do not find that nature carries this fubordination |
fo far, unlels we would conlider the motion of pm-%
Je&tles, near the furfaces of the lecondary planets,
as an example of this kind,

It is next to be confidered, where this point of
reft of the common centre of gravity of the fyftem 1
is to be found ; and it is plain from what we have i
already feen, that it can never be far removed from |
the fun, becaufe the matter in the {un vaitly exceeds |
the matter in all the planets taken together: and, |
from what we faid of the centre of gravity above, it
appears that it is always nearer the greater bo-dy in
proportion as it is greater. j‘upr:er 15 the largeft of |
the planets, and yet is but +%- of the fun, fo that
their centre of gravity muft be 1067 times nearer
the fun than Fupiter; and as the diftance of Fupiter
is little more than 1067 femidiameters of the fun, it
follows that the centre of gravity of the fun and
Jupiter cannot be much above the furface of the fun,
Saturn is lefs than Fupiter both in bulk and denfity,
and the centre of gravity of the Sux and Saturn falls
within the body of the fun: and thus it eafily ap-
‘pears, that tho’ all the planets were on one fide of
the fun in one line, the centre of gravity of the fun
~ and them all could {carcely be above a femi-diameter
of the fun trom his {urface: and this is the fartheft
that the fun is ever removed from that centre. It
appears, therefore, that tho’ the fun is in perpetual
agitation about this centre, yet, being always fo near
it, he may very well be confidered bj.' aftronomers
as the centre of the folar fyftem, Thus, tho’ the | 3
ter-

-
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terraqueous globe receives an impreflion from every
power that move projectiles in the air, and is, to
ipeak accurately, agitated a little by thefe powers
with a very complex motion, yet we confider it as
at reft, negletting fuch exceeding minute actions
and their effeits.

CH AP AL

Shewing bow gravity produces fome [inall irregularities
in the motions of the planets.

1. [ F the planets were aéted on by a power di-

rected to the centre of the fun only, varying
according to the general Jaw of gravity, and that
centre was quiefcent, their motion about it would be
perfectly regular. But we found that each of the
planets was acted on by a power direCted to every
body in the fyftem. In arder to judge of the effeéts
of thefe actions, our author firft fuppofes two bodies
equally gravitating towards each other, and re-
volving about their common centre of gravity :
and, fince the direftion of their mutual gravitation
pafles always from the one to the other through their
centre of gravity, and their diltances from it vary
always in the fame proportion as their diftances from
each other: it follows, that they mult defcribe equal
areas in equal times about that centre, and about
each other, and defcribe fimilar figures about that
point and about each other *. So that in the mo-
tions of twe bodies no irregularities arife in their
motions about each other from their mutual attrac-
tions ;5 whatever the law of their gravity be fuppofed
to be : only they will finifh their revolutions about

¥ Princip. Lib, L. Prop. 58. !
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the centre of gravity in lefs time than if the one
was to revolve about the other quiefcent, at the
fame diftance, and with the fame centripetal force ;
becaufe the orbit defcribed about the centre of gra-
vity being lefs than that which is defcribed by any
one of them about the other quiefcent (their diftance
from each other being equal in both cafes) and being
alfo (imilar to it, it muft be defcribed in lefs time.

2, If three or more bodies mutually attralt each
other, the gravitation of any one, arifing from the.
actions of the reft, may be determined by the rule
for the compofition of motion; and. if the lJaw of
gravity be fuch as we find to obtain in the folar fyf-
tem, its gravitation will not be always directed to
the centre of gravity of the other bodies, or indeed
to any fixed point, but fometimes to one fide of that
centre and fometimes to the other; and therefore,
equial areas will not be defcribed in equal times about
any point in the fyftem, and feveral irregularities
will neceflarily arife in the motions of the bodies.
But if you fuppofe one of thefe bodies to be vatly
greater than thereft, fo that the actions of the other
bodies may be neglected if compared with its aétion,
and the centre of gravity of the fyftem be always
found near it, then the irregularities in the motions
in fuch a fyftem will be very fmall, The areas de-
fcribed in equal times, about the centre of that great
body, will be nearly equal, and the orbits deferibed
will be nearly elliptic, having that centre in their
focus. That this 1s the cafe of the {un and planets,
appears from what we have fhewn concerning their
quantities of matter : and thus we {ee that not only
the regular motions of the planets are to be derived
from the principle of gravity, but alfo how their
minute errors and irregularities are accounted for
from it. The fame 1s the cafe of Fupiter and Safms

i an
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their fatellites.  As for the Earth and the Moon,
tho’ there be a lefs difproportion in their magni-
tudes, and their common centre of gravity be fen-
fibly removed from the earth, yet as there are only
two in their fyftem, no 1rregulanties arife from their
mutual actions in their motions about their common
centre of gravity, or they are eafily determined
when the pofition of their centre of gravity is known,
Thefe lefler {yltems of the Earth, Fupiter, and Sa-
turn, are carried about the centre of gravity of the
general folar fyftem, without receiving any difturb-
ance from any action of the fun or planets, which is
equal on all their parts and in the fame diretion.
When a fleet of fhips is carried away by a current
that affects them equally, it has no effet on their
particular motions amongft themfelves, nor is the
motion proceeding from the current difcovered by
them, if they have no body in fight that is not af-
feCted by it. In the fame manner, if the gravity
towards the fun acted equally, and in the fame di-
rection, on the parts of thefe lefler fyftems, it would
have no effect on their motions amongft one ano-
ther, and could only be difcovered by comparing
their motions with the fixed ftars, or with fome body
foreign to that lefler fyftem, which is acted on in a
different manner by the fun. But as there is fome
variation in the actions of the {fun upon the parts of
thefe fyftems, and in the diretions of thefe actions,
from hence fome irregularities neceffarily arife.

3. Tho’ the altions of the fun and of the infe-
rior planets, compounded together, do not always
produce in a fuperior planet a gravitation exactly di-
rected towards their centre of gravity ; yet, as upon
the whole it is more nearly directed to that point
than to any other, the motions of a fuperior planet
will be found more regular by fuppofing that point

to
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to be the centre of its attraction, rather than any
other, and its f:llipﬁ: will be jutt by placing its Jower
jfocus there. A planet that is higher than this will,

by its attration, have fome effet on the motion in
this ellipfe, but as it alfo aéts on the inferior planets
at the fame time, there will no irregularity arife from
that part of its altion which is equal and in the
fame direGtion on them all, but from the differences
of its actions only; which being exceedingly mi-

P -Jmhlr.—'n-?ilmflﬂ"f. e =

nute, and having contrary effets in the oppofites

ficuations of that higher planet, can produce effets
fcarcely fenfible in many revolutions,

4. The aftion of Fupiter on Saturn when greateft
(that is in their conjunétion when their diftance is
leaft) 1s found to be ;54 of the altion of the Sux
upon Saturn, by comparing the matter of Fupiter
with the matter in the Sun, and the {quare of the
diftance of the Sun from Saturn, with the {quare of
the diftance of Fupiter from Saturn. The effeét of
this aétion on Safurn is not altogether infenfible.

But the elliptic orb of Saturn will be found to be .

more juft, if you fuppofe its focus not to be in the
centre of the Sun, but in the centre of gravity of
the Sur and Fupiter, or rather in the centre of gra-
vity of the Szz and of all the planets below Satursn,
In the fame manner, the elliptic orb of any other
planet will be found more accurate, by fuppofing its
focus to be in the centre of gravity of the Sus and
all che planets that are below i,

5. The whole action of Fupiter difturbs the mo-
tion of Sazurm in their conjunction, becaufe Fupiter.
atts upon Saturn and upon the Sun with oppofite
direttions, at that timme. But, becaufe Saturn alks
then in the fame direction on Fupiter and on the
Sun, if 1t alted alfo with the fame force on both, it

would -
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would have no effect on the motion of Fupiter about
the Sun, and it is by the excefs of its attion on Fu-
piter above its action on the Swm that it difturbs the
motion of Fupiter. This excefs is found to be
o+ Of the action of the Sun on Fupiter, and there-
fore is much lefs than the force wicth which Fupiter
difturbs the motion of Saturn. The actions of the
other planets on each other are incomparably lefs
than thefe, and the irregularities proceeding from
thofe attions are always lefs in any planet as it is
nearer the fun, Only the orbit of the earth may
appear a little more irregular than that of its neigh-
bouring planets, becaufe it revolves about the centre
of gravity of the earth and moon, while that centre
annually revolves about the fun.

6. If the planets were attracted by the fun and
by one another, but the fun was not reciprocally at-
tracted by them, the centre of gravity of the fyftem,
becaufe of the deficiency of this readtion, would
neceflarily be in motion; and this would be a new
fource of errors and irregularities. If the primary
planets were not attratted by their fatellites, as well
as the facellites by their primary planets, other irre-
gularities would neceflanily arife. It the great pla-
nets, Fupiter and Saturn, had moved in the lower
fpheres, their influences would have had much more
effect to difturb the planetary motions. But while
they revolve at fo grear diftances from the reft, they
alt almoft equally on the fun and on the inferior
planets, and have the lefs effect on their motions
about the fun, and the motions of their fatcllites are
at the fame time lefs difturbed by the ation of the
fun, The earth and moon move in a lower fphere,
buc their motions are the lefs irregular becaufe there
are only two in their fyftem. We fhall aftewards
fee that the comerts continue for a very fmall time
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among the planetary fpheres, and that in the far
greater part of their revolutions they are carried to
fuch vaft diftances that their ations can have very
little effect on the motions of the planets. Such is
the law of gravity, and the manner of its operation,
‘and fuch is the difpofition of the bodies in the fyftem,
as feems well adapted for preferving their motions
with great regularity 3 but this will appear ftill more
fully trom the following chapter. 1

CH-A P 1

Of the appra:zzb and recefs of the planets to ma' fram
the fun, in every revolution,

Xi HUS far we have confidered the powers
that a¢t in the {yftem of the fun, and have
found that thofe which produce the regular motions |
of the planets vaftly exceed thofe that difturb thtm._;
We are next to confider how the motions in their |
orbits proceed from the action of thofe powers; and |
how the planet is made to afcend and defcend by
turns, at the fame time that it revolves about the
centre of its gravitation. ‘This requires an illuftra-
tion, the rather becaufe we have nothing {imilar to
1t in the motion of heavy bodies at the earth’s fur-f;
face ; for thefe are al.wa}rs made to fall to the earth
by their gravity : in whatever direftion they are -5.-
jeted, upwards, perpendicularly, or obliquely, their
gravity foon brings them down to the . earth __"jfl
Hence many find it hard to conceive how a plani
after approaching to the fun can recede from it again,
efpecially fince its gravity is increafed as its diﬂ"anr:e.'*;
decreafes. They imagne that it ought to continue
to approach to the fun, and at length fall upon hxs

body, as heavy bodies fall to the earth,
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e. But we are to femember, that the force with
which heavy bodies are projected, from our moft
powerful engines, is mcunﬁderabit, compared with
the motions which their gravity could generate in
them in a few minutes; and they move over fuch
fmall {paces, when compared with their diftance from
the centre of the earth, that their gravity is conli=
dered as acting in parallel lines, without any fenfible
error, fo that the centrifugal force arifing from the
rotation about that centre is altogether neglected.
But when we examine the motion of a projectile in
larger fpaces, and trace it in its orbit, we muft con-
fider the action of gravity as mre&ed to a centre,
and take in the centrifugal force &n[incr from its mo-
tion of rotation about that centre 3 and it will ap-
pear, that there are indeed fome laws of gravity
which would make the body approach to the centre
continually, till it fall into it, buc that there are
other laws which make bodies approach to the cen-
tre, and fuffer them to recede from it, by turns,
How to diftinguifh thefe we thall now confider,

In the firlt place, it will be ealily underftood that
if s (Fig. 63.) be the centre of attraction, and a
body is projected with a certain force in the line A E,
perpendicular to as, it will defcribe the circle aL @
with an equable motion, and after a complete revo-
lution return to its firlt placc A, with its firft motion.
The fame gravity that atted at a uponit, and car-
reed it below the tangent A e, alts upon it at any
other point L, at an equal diftance from the centre
s, and brings it from the tangent at L thro’ the fame
length in the fame time. The centrifugal force,
ar1rng from its rotation, being equal to its gravity,
neither of them prevails and the body therctore
nmther approaches to the centre nor recedes from it.

Y ‘ - If
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If you fuppole the motion of projection at o to be

Increafed, the gravity neceffary to keep it in the

fame circle mult be increafed alfo ; fothat if the ve-

Jocity of the projection be deuble, the gravity re- -
qluiﬁm to retain the body in the fame circle muflt be
quadruple ; becaufe a x being double of AL, the
point k falls four times farther below the tangent
than the point L, as we fhewed above: in general,
the gravity neceffary to retain a body in the fame
circle is in the duplicate proportion of the motion of
projeétion; and the velocity, therefore, in the fub-
duplicate proportion of the gravity; fo that when
the gravities are as 1 to 4, the velocities are as 1 |
to 2. -

3. If the body is projetted at a lefs diftance from
the centre of attraction, as atp, with the fame velo-
city, the gravity muft be greater to retain it in a
circle; becaufe the curvature being greater, the ex- |
tremity p of the arc p p, equal to a 1, falls farther, |
below the tangent at p, than L falls below the tan-
gent at a4, in proportion as the arc p p is more curve, .
that is, in proportion as the diitance s is lefs than
sa. If the velocity of projection is increafed at n,
fo that the body defcribe a greater arc po_in the fame
time, then the force of gravity, neceffary to retain
the body in a circle there, muft be increafed in a du-
plicate proportion 3 becaufe @t is to pr in the dupli-
cate proportion of pq top p. If the velocity at Dy
for example, is greater than tHat at o in proportion.
as s A is greater than sp, then .t will be to pr as'|
the fquare of sa is to the fquare of ‘s p, and o T
will be to L m as the cube of s a is to the cube of
sp ; thatis, the force requilite to retain bodies in
eircles mufl be reciprocally as the cubes of the femi=
diameters, when the velocities in thefe circles are re=
ciprocally as the femidiameters themfelves 3 and com=

Ter ﬁb,
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verfely, if the gravities increafe as the cubes of the
diftances from the centre decreafe, the wvelocities
neceffary to carry bedies in circles, at different dif-
tances from the centre of attraction, muft increafe in
proportion as the diftances decreafe,

4. In general, as the gravities of bodies that
deferibe circles about the fame centre increafé in pro-
portion as the fquares of the velocities increafe, arid
as the diftances decreafe ; it follows converfely, that,
In ordeér to compare the velocities of projection that
are neceflary to carry bodies in circles at thefe diffe-
rent diftances, we muft compound the proportion of
the gravities and the proportion of thefe diftances
together, for this compounded proportion will give
that of the {quares of the requifite velotities. So in
the folar fyftem, if the diftances of two planets were
as 1 1o 4, the gravities being as 16 to 1, thefe pro-
portioas compounded give that of 16 to 4, or C!f 4
lto 1, which is that of the {quares of the velocities,
and therefore the velocities themfelves are as 2 to 1.
n like manner we can determine the law according
which the velocities, neceffary to carry bodies in,
ircles about s, vary at any diftances, in any given

w of gravity,

If a body 1s prnje&fd at a (Fig. 64.) with 2
_eiﬂcaty lefs than that which is mcafﬁry tg carry it
n a circle there, it muft fall within the circle, the
entrifugal force, arifing from the morion of rota-
ion about s, is lefs than that which it would have
| the circle ar, in proportion as the {quare of its
elocity is lefs, and 1s therefore lefs than its gravity
) the fame proportion : the body, therefore, by the
ccefs of its gravity above its centrifugal force, is
1ade to approach to the céntre. The motion of

bedy, as it defcends in the orbit 4 M B, muit be
Y 2> AcCew
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accelerated fo as to defcribe equal areas in equal

times about s, and the velocity of its miotion at M

muft be greater than its velocily at a, in proportion
as sA is greater than sp, the perpendicular from s
on the tangent to its orbit at m ; becaufe if the arcs

A K, MN, be defcribed in the fame time, the trian-

gular fpaces Ask, M s N, being equal, the bafes a k,°
v n muft be reciprocally as their alutudes sa, sp,
and the velocities are as the arcs A Kk, MmN, defcribed
in the fame time, and therefore reciprocally as s 4,
sp. The velocity, therefore, in the orbit from A
to M, increafes in a higher proportion than that in|
which the diftances s 4, s M decreafe, becaufe s a 15
to sp.in a higher proportion than sa is to sm$
only if the direction of the body ever become per-

pendicular again to the ray drawn from s, at any

point, as B, there sm and sp will coincide, and the

proportion of the velocities will be the fame as the
reciprocal of the diftances s 4, s .

6. If a body is projected at B in a direction per-
pendicular to sB, with a velocity greater than that
which is neceflary to carry it in the circle B B abuu
the centre of attraction, at the diftance ss, it muft
~be carried without that circle, and recede from the
centre s. The centrifugal force, in this cafe, arifing
from its motion of rotation, is greater than that
which would arife from its motion in the circle 8 ¢ Hy
and therefore greater than its gravity ; and by the
excefs of its centrifugal force above its gravity, it
recedes from s the centre of attraction. The me-
tion of the body decreafes as it rifes, being retarded
by the altion of its gravity, fo that the velocity i
always lefs than the velocity at 5, in proportion as
sB is lefs than sp, the perpendicular from s on the
diretion of its motion,
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7. A planet defcends from a, which is called its
higher apfis, to B, which is called its lower ap/is,
and reafcends again from B to o. It defcends from
A, approaching to the centre of attraétion, becaufe
its velocity at A 1s lefs than that which would be able
to carry it in a circle about s, at the diftance s a.
As it defcends to lefler diftances, its velocity in its
orbit increafes in a higher proportion than the velo-
cities, which would be fufficient to carry bodies in
circles at thefe diftances, increafe. For the velocity
in the orbit at B is greater than that at 4, in propor-
tion as 5 A is greater than sB; whereas the velocity
in a circle at B is greater than the velocity 1n a circle
at A, as +/sa is greater than +/sB. 1f sa were to
sB as 4 to 1, the firft proportion would be that of
4 to 1, but the fecond that of 2 to 1 only. Hence
it appears how the velocity in the orbit at B, exceeds
that in a circle at the fame diftance, tho’ the velo-
city in the orbit at A was exceeded by the velocity
that was able to carry it in a circle at the diftance
sa. In the higher part of the orbit, the velocity of
the body is lefs than that which would carry it in a
circle there about s; but the velocity in the orbit in-
creafes more, by the approach of the body to the
centre of attraction, than the velocities requifite for
carrying bodies in circles do, and {o gets the better
of them in the lower part of the orbit. Of thefe
two each prevails over the other by turns, in the
~ two apfides 3 the velocity in the circle in the higher
- apfis, and the velocity in the orbit in the lower apfs.

After the body is carried off at B by its fuperior ve-
locity, the velocity in a circle afterwards gets the
better, becaufe it does not decreafe fo quickly as the
velocity in the orbit, and the body is made to move,
in its alcent, in a femi-ellipfe equal and fimilarly
Tituated to that which it defcribed in its defcent.

X g 8,
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8. The gravity indeed at B is greater than the gra-
wity at a, inproportion as the fquare of the diftance is
lefs. Bur the centrifugal force arifing from the cir-
cular motion about s increafes in a higher propor-
tion, viz. as the cubes of the d1{’cances decreale ;
for thefe centrifugal forces are in the diret propor-
tion of the fquares of the velocities and their inverfe
Pmportmn of the dl"]ances, compnunded tegethtr :
the firft of thefe is the inverfe proporion of the
fquares of the diftances, and the two together com-
pound the inverfe proportion of the cubes of the
diftances. The centrifugal forces, therefore, in-
creafe more quickly than the gravicies ; and tho’ the
gravities prevail in the higher part of the orbit, the
centrifugal forces ger the better in the lower part of
it. ‘The gravity prevailing in the higher apfis makes
the body approach to s, the centrifugal force pre-
vailing in the lower 3pﬁs makes the body recede
from it; and, by their altions, the body for evey
revolves from the one to the other.

It 15 ealy to fee from what we have faid, that
the body can defcend from the higher apfis to the
lower, and afcend again from the Tower aplis to the
higher, when the velocities neccfiary to carry bodies
in circles about the centre of attraction 1n{:reafe, n
approaching to that centre, in a lefs proportion than
the velocity of a body moving in an orbit AM B in- |
creafes. For tho’ the Vﬂh‘::{:ltj,r in a circle in the |
greater diftances exceed the velocity in the orbit, thig
Iat[-:":r by increafling more quickly as the di ftance de-
creafes, gets the bt:ter of the other in the lower parg
of the Grhlt and carries the body off again. But
if the velocities by which circles can be deferibed
about the centre of attrattion increafe, in approach- -
g to that centre, ina higher proportion, or in the

fame
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fame proportion, as the velocity in the orbit increafes,
then this latter having been {uppofed at a lefs than
the former, it muft always continue lefs than it, and
never get the better of it, fo as to be able to carry
off the body ; and therefore, in all fuch cafes, the
body can never recede from the centre after it has
once begun to approach to it, but muft defcend to
diftances lefs and lefs, nill it fall into the centre. It
approaches at A, becaufe its velocity is lefs than that
which/is requifite to carry it in a circle there : its ve-
locity indeed increafes as it defcends to leffer dif-
tances, but the velocities which would carry bodies
in circles at thefe diftances about s, increaling alfo in
as great a proportion, the velocity in the orbit muft
ftill continue to be lefs than in thefe circles, and the
body mutt ftill continue to approach to the centre,

10. To fix the limit of thele two cafcs, we are
to confider, that the velocities in an orbit, at a and
8, are in the inverted proportion of the diftances
there from the centre of gravitation ; and that, if
the gravity increale as the cubes of the diftances de-
creafe, the velocities neceflary to defcribe circles at
a and B are in the fame inverted proportion of the
diftances at A and B from s, In this cafe, therefore,
the velocities in circles, and in the orbit at A and B,
vary in the {fame proportion, and the fame which
exceeds at the one diltance muft exceed at the others
{fo that, for the fame reafon for which the body ap-
proached to s at A, it would approach to it at =,
and if it receded from it at B, it mult recede from it
at A ; that is, if it once begin to approach, it muft
always approach to s, and if it once begin to recede,
it muft always recede from it. This allo appears
from what we faid of the centrifugal force, which,
in the fame orbit, increafes as the cube of the diftance

decreales ; and confequently in the {fame proportion
Y 4 1n
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in which the gravity is fuppofed to increafe in this
cale ; fo that, of thefe two, which ever is {fuppofed
to prevail in any one aEﬁd, the fame muft prevail in
“any other apfid, if fuch could be affigned ; and the -
body muft either defcend continually to the centre,
or rife from it for ever,

11. If the gravity increafe in a higher proportion
than as the cubes of the diftances from the centre of
attraction decreafe, then the velocities neceflary to
carry bodies in circles about that centre, in approach-
ing to it, will increafe in a higher proportion than
the diftances decreafe ; that is, in a higher propor-
tion than the velocity in an orbit increafes from a to
‘B3 fo that as the velocity in a circle at o exceeded
the velocity in the ofbit there, it will much more
exceed it at B, and therefore the body, acted on by
a gravity varying in fuch a manner, muft approach
to the centre till it fall into it, it it once begin to ap-
proach to it at a3 and if it once begin to recede
from it, it muft continue to recede from it for ever,
The higher the power of the diftance is to which the
gravity is reciprocally proporiional, the body will
defcend in a lefs number of revolutions to the centre,
in like circumftances. If the gravity is reciprocally
proportional to the cubes of the diftances, the body
will defcend after an infinite number of revolutions.
If the gravity increafe as the 4th power of the dif-
tance decreafes, and the body is projected at a with
-a velocity lefs than that which would carry it in a
circle about s in proportion as v/ 2 is lefs than 4 2,
the body will defcribe a certain epicycloid about s, and
fall into it after half a revolution. If the gravity
increafe as the sth power of the diftance decreafes, |
and the velocity of the projeétion be to that which
would carry it in a circle about the centre s as-1 is
to v/ 2, it will defcend in a femicircle defcribed on

the
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the diameter s 4, and fall into the centre in a quar-
ter of a revolution. If the gravity increafe as the
7th power of the diftance decreafes, and thefe velo-
cltres be as 1 to 4/ 3, it will fall into the centre 1n
+ of a revolution, In general, if the gravity increafe
as the #4 3 power of the diltance decreales, and the
velocity of projection at a be to the velocity which
would carry the body in a circle there, about s, as

" ™ - - I
1toy 1-+%, it will fall into the centre in the 7
part of a revolution. If the gravity increafe as the
3+ss power of the diftance decreafes, and the velo-

cities be as 1 to v/ 1 + s+, the body muft fall into
the centre after 50 revolutions. 'We cannot pretend
to demonftrate thefe things here, and have mentioned
them only to illuftrate this theory *

12. If the gravity increafe in a lefs proportion than
that in which the cubes of the diftances decreafe, the
velocities, neceflary to carry bodies in circles about
the centre s, will increafe, in approaching to it, n
a lefs proportion than the fimple proportion in which
the diftances decreafe, and therefore in a lefs pro-
portion than the velocity in the orbit from a to B3
fo that, tho’ the former exceed in the greater dif-
tances, the latter may exceed in the lefler diftances,
and the body may confequently defcend from the
‘higher apfis to the lower, and afcend from the lower
apfis to the higher by turns. The gravity may pre-
vail over the centrifugal force in the higher parts of
the orbit, but, increafing more flowly in defcending
to the lefler diftances than the centrifugal force, it
is overcome by it in the lower parts of the orbit,
and the body is made to recede again to its firft
diftance. If the gravity increafe as the cubes of the
diftances decreafe, the body never can arrive at the

® See Treatife of Fluxions,  drt. 437. 1
owcer
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lower apfis g. If the gravity increafe as the fquares
of the diftances decreafe, the body will defcend in a |
femi-ellipfe from the higher to the lower apfis in half |
a revolution.,

13 If the gravity increafe in the reciprocal pro-
portion of fome power of the diftance betwixt the
iquare and cube, the body will take more than half
a revolution to defcend from the higher to the lower
apfis, the more the increafe of gravity approaches
to the reciprocal proportion of the cubes of the dif-
tances; for the velocity in the orbit will find the
more difficulty to get the better of the motion that
would carry the body in a circle, or the centrifugal
force will with more difficulty get the better of the
gravity. But if the. gravity increafe in proportion
as fome power of the diftance lefs than the fquare
decreafes, the velocities in circles increafing lefs in
approaching to the centre, the velocity in the orbit
will the more eafily prevail, and the centrifugal
force will {fooner exceed the gravity ; and therefore
the body will defcend to the lower apfis in lefs than
half a revolution, and return to the higher apfis in
lefs than a complete revolution, From which it ap- |
pears, that as the apfides are fixed in the regular |
courfe of gravity, thatis, while it increafes as the |
{quares of the diftances decreafe, they muft be car- |
ried forwards, in the direftion of motion of the |
body, when gravity varies in a higher proportion |
than that, and muft be carried backwards with 3 |
contrary motion when gravity varies lefs than in that |
proportion. As a change from the proportion of
the {quares to that of cubes gives an infinite motion |
to the apfides, fo that the body never arrives at |
either of them againy a very fmall change in the
courfe of gravity will produce a fenfible motion in |
the apfides, and the leaft change from the regular

cotrfe
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courfe of gravity muft become very fenfible, in 2
great many revolutions, by the motion of the ap-
fides. From which we learn, that fince the apfides
of the planets have fo fmall a motion that {fome
aftronomers neglet it altogether, and doubt if there

is indeed any fuch motion at all, we may conclude -

that their gravity muft obferve very accurately, in its
variations, the law of the {quares of the diftances.

14. Qur author, to reduce to a computation the
motion of the apfides arifing from a variation from
the regular courle of gravity, fuppofes, with aftro-
'ﬂomers, that the body movesin an elliple that is
carried at the fame time with a regular motion about
s, which, in an entire T.E‘.’GILIEIOF], gives the mﬂtmn
of the apfides. In a t;uif.'ﬁ:tnt Eliipﬁs (Fig. 65.)
the curvature at a and B being the fame, the centri-
petal forces there were fauncl above, to follow the
inverfe proportion of the fquares of the diftances
54, sB.  Suppofing that the body moves in the el-

e

hpfe @ /b, while this elliple itfelf is carried about s’

with an angular motion, fo that, s/in the moveable
orbit bt‘lnﬂ‘ equal to s L in the fixed orbit, the angle
A s/ may be to a st in a conftant mvanable propor-
tion, fuppofe that of G to r; then the increments of
thefe angles, while s L and s/ decreafe equally, will
obferve the fame conftant proportion ; and the an-
gular motions about s of two bodies / and L, re-
volving in the fame time in thefe orbits, will be in
the fame proportion, as alfo the areas defcribed by
rays drawn from thele bodies to s: fo that if the
bodies be projeted together at a with velocities in
the fame proportion, and are alted on by the necef-
fary centripetal forces, they will move in thefe orbits,
and approach equally towards s, and arrive at / and
L in the fame time. The motion of approach to
the centre being the fame at equal diftances from Itd
an
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and this motion being caufed by the excefs of their
gravities above the centrifugal forces ariling from
their circular motions about s 3 the gravity will ex-
ceed the centrifugal force in the one orbit by the
fame excefs as in the other, and therefore the dif-
ference of the centrifugal forces muft be the fame as
the difference of their gravities ; fo that, to find the
gravity in the moveable orbit, we are to add to the
gravity in the fixed orbit, at the fame diftance, the
excefs of the centrifugal force in the moveable orbit
there, above the centrifugal force in the fixed orbit
at the fame diftance. - Thefe centrifugal forces are
in a given proportion to each other, wiz. in that of
the fquares of the angular motions, or in the pro-
portion of ¢* to r?, and their difference muft be in
a given proportion to either ; the fame centrifugal
forces, at different diitances, are reciprocally as the
cubes of the diftances, as we fhewed above, and
their differences muft vary in the fame proportion :
{o that the diffcrence of the gravities in the move-
able and immoveable, muft vary in the reciprocal
proportion of the cubes of the diftances.

15. If the elliple is carried abouts with a pro-
greffive motion, that is in the direction of the mo-
tion of the body, the angular motion of the body in
the moveable orbit is greater than in the fixed orbit,
and the centrifugal force, and confequently the gra- |
vity, is greater. But if the ellipfe is carried about
s with a retrograde motion, the angular motion in
the moveable orbit, and confequently the gravity, is
lefler. In the firft cafe, the difference of the centri-
fugal forces is to be added to the gravity in the fixed
orbit, to find the gravity in the revolving orbit at
the fame diftance from s, In the latter cafe, the
difference of the centrifugal forces is to be fubtraéted
from the gravity in’the fixed orbit, to find the

g gra-
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gravity in the revolving orbit at the fame diftance
from s.

16. The force in the fixed ellipfe increafes as the
fquare of the diftance decreafes; add to this a force
that increafes as the cube of the diftance decreafr:s,
and the fum muft increafe in a higher proportion
than that of the l'quares of the diftances, but never
in fo high a proportion as their cubes. A body
therefore that moves in an ellipfe that has itelf a
progreflive motion about s, muft be atted on by a
force that varies accurding to fome power of the
diftance higher than the {quare, but lefs than the
cube. The greater this motion of the ellipfe is, the
greater is the excefs of the centrifugal force in the
moveable ellipfe above that in the fixed ellipfe, at
the fame diftance from s; and the greater is the
quantity that varies as the cube of the diftance in the
aggregate, 1n proportion to that which varies in it
as the fquare of the diftance only; and the more
does the proportion of the aggregate vary from that
of the {quares towards that of the cubes of the dif-
tances, In.fuch a moveable ellipfe, the gravity,
which is as the aggregate, cannot be faid to vary in
the proportion of any one power of the diftance ac-
curately 3 but if the ellipfe is very riear to a circle,
the proportion of the aggregate will be found to -
vary very nearly as a certain power of the diftance,
and the motion of the ellipfe may be adjufted fo as
that the aggregate may vary, very nearly, as any
power of the diftance that can be afligned betwixt
the {quares and the cubes.

17. If from a force that increafes as the fquare of
the diftance decreafes, you fubduét a force that in-
creafes 1n a higher proportion, viz. as the cube of
the diftance decreafes, the rémainder muft increafe

in
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in a lefs proportion than that in which the fquare of
the diftance decreales. A body, therefore, thae
moves in an elliple which revolves itfelf at the {ame
time with a retrograde motich about s, muft be
alted on by a gravity that varics in a lefs proportion
than the fquare of the diftance ; and the greater the
motion of the ellipfe is, the gravity will vary in a
efs proportion, fo that if the motion of the ellipfe
be {ufficiently great, the gravity may decreafe inftead
of increafing as the diftance decreafes. By fuppo(in
the orbit near to a circle, the motion of the eliipl%
may be adjufted, that the remainder may vary ac-
cording to any proportion lefs than that of the fquares
of the diftances.

'18. Our author has made an improvement of
this, to judge of the motion of the apfides in any
law of gravity: for, by fuppofing the gravity in the
moveable ellipfe, when near to a circle, computed
from the forefaid principles, to vary according to
any given law, he determines what muft be the mo-
tion of the ellipfe, or of the apfides, in confequence
of this fuppofition ; or, the motion of the ellipfe
being given, he determines what is the power of the
diftance according to which the gravity varies, near-
Iy, when the ellipfe revolves with that given mo-

tion *,

19. We have faid as much as our defign will ak
low us, of the motions arifing from gravity, that
are performed in regular revolutions from the one
aplis to the other ; where the diftance from the een-
tre of gravitation varies indeed, but fo as to keep
within certain limits, betwixt which the body con-
ftantly revolves ; and we have thewn that the motion

¥ See Princip. Lib. I. Se&t: ¢
of
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of the body may be of this kind, if the gravity dea
creafe in a lefs proportion than that in which the
cubes of the diftances from the centre increafe. But
the motion of the body is not always of this kind,
m thefe cafes ; for if the velocity of projeétion at s
1s fufficiently %rﬁat, the body will, in fome of thefe
cafes, recede for ever from the centre of gravitation,
and never arrive at the higher apfis s, We have
already fhewed that if the gravity decreafe as the
cubes, or any higher powers, of the diftance increafe,
and the velocity at B exceed, in the leaft, that which
would carry the body in a circle there about the
centre of gravitation, it will recede from s for ever.
if the gravity decreafe in a lefs proportion than that
of the cubes of the increafing diftances, it may be
projected at B with a motion which will fiill carry ic
for ever from the centre, provided the gravity de-
creafe in a proportion greater than that in which the
diftances increafe : for the limit here is the inverle
{imple proportion of the diftances, If gravity vary
more, the body may be carried off for ever from the
centre by a finite motion of projection; but if the
gravity varies in that proportion, or in any lefs pro-
portion, then no finite force will be able to make the
body move in fuch a manner, as to recede from the
sentre s for ever: but the body in thefe cafes muit
always revolve betwixt the two apfides.

20. In order to fee this, we may firit fuppofe a
body to be projeéted perpcndlcularly to the horizon,
that is atted on by a gravity decreafing in a Eugher
proportion than that of the increafing diftances ;
and if the force of projection be fufficiently grear, it
will rife for ever with a motion continually retarded
by the action of its gravity, but that fhall never be
altogether deftroyed by thefe actions; becaufe they

4 decreafe
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decreafe in fuch a manner that the fum of an infinite
number of them amounts to a finite quantity.

21, The fame law of gravity is the limit betwixt
the cafes of infinite afcents, in curvilineal motions |
and in rectilineal : for our author has thewn, that if
one body move in a curve, and another afcend or
defcend in a right line, a&ted on by the fame gravity,
and their velocities be equal in any equal altitudes,
they will be equal in all other equal altitudes * :
and fince the gravity of the body projected upwards
in a vertical line, with a certain affignable force, is
not able to bring it back again ; it will not be able to |
make it return, if it was projeted with the fame
force obliquely upwards, fo as to move in a curve,
For the centrifugal force, arifing from the motion
of rotation about s, leflens the effect of the gravity,
and makes it lefs capable to deftroy the motion of

* Suppofe the velocities of bodies L and » (Fig. 66.) to be
equal at L and P, at equal diftances s, s?; and let them de-
fcribe the very fmall lines © /, pp, fo that s p being equal to s /,
and p n / a circular arc defcribed from the centre s meeting s L
in N, L N mult be equal to pp. The gravity of L toward s
may be refolved into two forces, one of which may be repre-
{fented by L r, and alls in the direction of the tangent Lr, the
other in a diretion rs perpendicular to the tangent or the direc-
tion of the body’s motion. The latter has no effet in accele-
rating its motion, being perpendicular toit, and the former is
to the gravity, as Lr is tost, or as LN is to /. 'The motion
of the body r is accelerated by its whole gravity, fo that the |
forces which accelerate the bodies 1. and p are to each other, as
LN (or pp) to L /5 but the velocities at . and » having been
equal, the times in which . / and Pp are defcribed are in the
proportion of the fpaces L/and pp; fo that tho’ the body t
is accelerated by a lefs force in defcending to /; the time of its |
acceleration is greater in the fame proportion: from which it
appears that their accelerations are equal in defcribing thefe
{paces, and their velocities confequently equal at /and p. The
velocities therefore of thefe bodies muft be equal in all eqnal
altitudes. See Priacip. Math. Lib. I. Prop. 40. s
afcent
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afcent in this cafe, than in the cafe of a perpendicu-
lar afcent. Therefore if gravity varies in the reci-
procal proportion of fome power of the diltance
higher than unit, a body may run out to infinity in
its orbit, 1f it be projecied with a certain force.

22. If this force is the fame which it would ac-
quire by falling from an infinite height, it will go off
in a curve of the parabelic kind. But if it is pro-
jected with a greater force than that which would be
acquired even by an infinite delcent, the curve will
be of the Ayperbolic kind. If it is projeéted with
the fame velocity which it would acquire by falling
from an infinite height (affuming different laws of
gravity, but other circumitances {imilar) it will go
off to infinity after a greater or lefs part of a revo-
lution, or after a greater or {maller number of revo-
lutions, according as the power of the diltance,
which is reciprocally proportional to the gravity, is
greater or lefs. The limit here is a quarter of a re-
volution from the aplis, or the place where the
direction of the body’s motion is perpendicular to
the line drawn to the centre ; for it muft always take
more than that to get off from the apfis to an infi-
nice diftance. If gravity obferve the reciprocal
fefquiplicate proportion of the diftance, then the
body will go off in & of a revolution. If it obferve
the reciprocal duplicate, it will go off for ever in a
parabola, in half a revolution. If it obferves the
reciprocal 5 power of the diftance, it will go off in
a complete revolution. But if gravity obferve the
reciprocal triplicate proportion of the diftance, and
the body be projetted oblique to the radius, it will
go off in an infinite number of revolutions *,

23

_* In general, if gravity vary as the = power of the diftarce

reciprocally, and the body is I%r:jn.t“te-:l obliguely upwards with
| a
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23. If gravity decreafe in a lefs proportion than
the reciprocal fimple proportion of the diftances,
and a body is projected from the apfis with any finite
force whatfoever, it cannot rife for ever ; but will
have the fame velocity at any diftance, as it would
have had at the fame diftance, fuppofing it had been
projected at a directly upwards with the fame force
of projection : and fince any finite force would have
been deftroyed in the perpendicular, if the body
move in a curve it muft return again, and after
paffing the higher apfis, defcend again to the lower
apfis, tho’ that apfis be not in the fame place as be-
fore. If gravity increafe as the diftance increafes,
a fortiori the body will never be able to afcend to an
infinite diftance, Thefe obfervations thew the limits

of the various forts of motions, that can proceed
from various laws of gravity.

G A I
Of the motion of the moon.

i. F have explained the motions of the bo-

dies in the folar fyftem, from gravity,
and have taken notice of fome inequalities or errors
10 their motions, that arife from the fame principle.

a force that 15 to that which would carry it in a circle as 1 to

.V" M—T

— It will rife for ever from the centre, and go off in the

I . S ! L Vs
e pal of a revolution, or in the Lx part of the revolution.
Suppoling 3 to be the excefs of 3 above the number m. If the

gravity foliow the reciprocal proportion of the 2122 power of

e diftance, the body will go off in go revolutions, See
Fluxicus, § 416, & feq. : g .

But
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But the manifold irregularities that are produced by
1t in the motion of the moon deferve particularly to
be confidered, as fthe is the neareft to us in the
fyftem, and as great advantages might be deduced
from her motions, if they could be fubjeted to ex-
act computation. Formerly, they who built fyftems
had great difficulties to reconcile their principles with
the phaznomena: our author anticipates obfervations,
and the more perfe&t our knowledge of the motions
in the fyftem fhall become, the more will this philo-
fophy be efteemed. Pofterity will fee its excellence
yet more fully than we do, when the celeftial mo-
tions f(hall be determined more accurately, by a feries
of long-continued exaét obfervations.

2. To give the principles of our author’s compu-
tations on this perplexed fubjed, in as plain a man-
ner as poflfible, we muft recolle&t what has been al-
reacy obferved ; that if the {un acted equally on the
earth and moon, and always in parallel lines, this
jaction would ferve only to reftrain them in their an-
nual motions round the {un, and no way affett cheir
actions on each other, or their motions about their
common centre of gravity. In that cafe, if they
ere both allowed to fall direttly towards the fun,
hey would fall equally, and their refpeive fitua-
ions would’be no way affefted by their defcending
qually towards it. We might then conceive them
§ in a plane, every part of which being equally
Cted on by the fun, the whole plane would defcend
owards the fun, but the refpettive motions of the
arth and moon would be the fame in this plane as
it was quicfcent. Suppofing then this plane, and
Il in it, to have the annual morion imprinted on it,
would move regularly round the fun, while the
th and moon would move in it, with refpect to
ch other, as if the plane was at reft, ‘without any

L3 irre-
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irregularitics, But becaufe the moon is nearer the
fun in one half of her orbit’ than the earth is, and
in the other half of her orbit is at a greater diftance
than the carth from the {fun, and the power of gra-
vity 1s always greater at a lefs diftance ; it follows,,
that in one half of her orbit the moon is more at-
trated than the earth towards the (un, and in the
other half lefs attraéted than the earths and hence
irregularities neceflarily arife in the motions of the
moon, the excefs, in the firlt cafe, and the defelt,
in the fecond, of the attration, becoming a force |
that difturbs her motion: add to this, that the |
action of the fun on the earth and moon is not di- |

reted in paraliel lines, but in lines that meet in the
centre of the fun.

3. To fee the effeéts of thefe powers, let us fup-
pofe that the projectile motions of the earth and
moon were deftroyed, and that they were allowed to
tall freely towards the fun. 1f the moon was in con-
junétion with the fun, or in that part of her orbit
which is neareft to him, the moon would be more
attratted than the earth, and fall with greater velo-
city towarcs the fun; fo that the diftance of the:';';
moon frcm the earth would be increafed in the fall,
If the moon was in oppofition, or in the part of her,
orbit which is fartheft from the fun, fhe would be |
lefs attracted than the carth by the fun, and wuul;%
fall with a lefs velocity towards the fun than the
earth, and the moon would be left behind by the,a.
earth; fo that the diflance of the moon from the
earth would be increafed, in this cafe alfo. If the
moon was in one of the quarters, then the earth.
and moon being both attracted towards the centre of |
the {un, they would both directly defcend rowards |
that centre, and by approaching to the fame centre,
they would neceflarily approach at the fame time to .

: each
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each other, and their diftance from one another
would be diminifhed, in this cafe. Now, where-
ever the aftion of the fun would increafe their dif-
tance, if they were allowed to fall towards the fun,
there we may be fure the fun’s action, by endeavour-
ing to feparate them, diminithes their gravity to
each other ; wherever the altion of the fun would
diminifth their diftance, there the fun’s attion, by
endeavouring to make them approach to one ano-
ther, increafes their gravity to each other: that is,
in the conjunction and oppofition, their gravity
towards each other is diminifhed by the aétion of the
{un; but in the two quarters it is increafed by the
action of the fun. To prevent miftaking this mat-
ter, it muft be remembred, it is not the rotal action
of the fun on them that difturbs their motions, it is
only that part of its action by which it tends to fepa-
rate them, in the firft cafe, to a greater diftance
from each other; and that part of its attion by
which it tends to bring them nearer to each other, in
the fecond cafe, that has any effect on their motions
with refpeét to each other. The other, and the far
more confiderable, part has no other effet but to
retain them in their annval courfe, which they per-
form together about the {un.

4. In confidering, therefore, the effets of the
fun’s action on the motions of the earth and moon
with refpeét to each other, we need only attend to
the excefs of its aétion on the moon above its a&ion
on the earth, in their conjunétion ; and we muft
confider this excefs as drawing the moon from the
earth towards the fun in thac place. In the oppofi-
tion, we need only confider the excefs of the action
of the fun on the earth above its ation on the moon,
and we muft confider this excefs as drawing the
moon from the earth, in this place, in a direCtion

Z 3 oppo-
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oppofite to the former, that is, towards the place
oppofite to where the fun 153 }ecau{'t we confider
~ the earth as quiefcent, and refer'the motion, and all
its irregularities, to the moon. In the quarters, we
confider the action of the fun as adding fomething
to the gravity of the moon towards the earth,

5. Suppofe the moon fetting out from the quarter
that precedes the conjunction, with a velocity that
would make her defcribe an exaét circle round the
earth, if the fun’s aftion had no effe€t on her; and
becaufe her gravity is increafed by that action, fhe
muft defcend towards the earth, and move within |
that circle: her orbit, there, will be more curve than
otherwife it would have been ; becaufe this addition
to her gravity will make her fall farther at the end
of an arc below the tangent drawn at the other end
of it ; her motion will be accelerated by it, and will
continue to be accelerated till the arrives at the en-
fuing conjunétion ; becaufe the direction of the aclion
of the fun upon her, during that time, makes an
acute angle with the direftion of her motion, - At
the conjunéion, her gravity towards the earth being
diminifhed by the ation of the fun, her orbic will
be lefs curve there, for that reafon ; and fhe will be
carried farther from the earth as fhe moves to the
next quarter ;3 and, becaufe the attion of the fun
malkes then an obtufe angle with the direttion of her
motion, The will be retarded by the fame degrees by
which the was accelerated before.

6. Thus fhe will defcend a little towards the
earth, as fhe moves from the firft quarter towards.
the conjunétion, and afcend from it, as the moves
from the conjuncion to the next quarter. The
action which difturbs her motion will have a like,
and almoft equal, effect upon her, while the moves

in



Chap. 4. Parcosoruicar Discoveries. 349

in the other half of her orbit, I mean, that half of
it which is fartheft from the fun: fhe will proceed
from the quarter that follows the conjunétion with
an accelerated motion to the oppofition, approach-
ing a little towards the earth, becaufe of the addition
made to her gravity, at that quarter, from the attion
of the fun; and receding from it again, as fhe goes
on from the oppofition to the quarter from which
we fuppofed her to fet out. The areas defcribed in
equal times by a ray drawn from the moon to the
earth will not be equal, but will be accelerated by
the confpiring ation of the fun, as fhe moves
towards the conjunétion or oppofition from the quar-
ters that precede them ; and will be retarded by the
fame action, as the moves from the conjunétion or
oppofition to the quarters that fucceed them.

. Our author has computed the quantities of
thefe irregularities from their caufes.  He finds, that
the force added to the gravity of the moon in her
quarters, 1s to the gravity with which the would re-
volve in a circle about the earth, at her prefent
mean diftance, if the fun had no effet on her, as
1 to 17832, He finds the force fubducted from her
gravity, in the conjunétions and oppofitions, to be
double of this quantity, and the area defcribed in
a given time in the quarters, to be to the area de-
fcribed in the fame time in the conjunétions and op-
pofitions, as 10973 to 11073, He finds, that, in
fuch an orbit, her diftance from the earth in her
quarters, would be to her diftance in the conjunc-
tions and oppofitions, as 70 to 6g.

8. The moon does not move in the fame plane,
round the earth, in which the earth moves round the
fun, but in a plane that is inclined to it in an angle

Z 4 of
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of about 5 degrees: and hence it is that the centre
of the moon appears to us to trace a different circle

from the ecliptic, the circle which the centre of the

fun appears to defcribe in the heavens. Thefe cir-
cles cut each other in two oppofite points, that are
called by aftronomers the nodes of the moon ; at the
areatefl diftance from the nodes, thefe circles are fe-
parated from each other by about five degrees. The
eclipfes of the fun and moon depend on their dif-

tances from thele nodes, at the time of the new and

full moon s for, if the change of the moon happen
when fhe is near one of the nodes, fhe eclipfes the
fun ; and, if the moon is full, near one of the nodes,
the muit fall into the thadow of the earth, and there
become eclipfed.  Aftronomers have at all times

been very attentive to the fituation of the nodes, in

order to calculate thefe eclipfes, which have been
always a phanomenon much confidered by them.
The nodes are not fixed in the fame part of the
heavens, but are found to move over all the figns

in the ecliptic, with a retrograde motion, in about

eighteen or nineteen years.

9. Sir Ifaac Newton has not only thewed that this

motion arifes from the afion of the fun, but has

calculated, with great fkill, all the elements and va-
rieties in this motion, from its caufe.. We called

thefe points the moon’s nodes, in which her orbit

cuts the plane in which the earth revolves about the

fun, and the line that joins the points we call the

line of the nodes. We fay the motion of the nodes
is dire¢t when they proceed in the fame way as the

moon moves in her orbit, viz. from welt to eaft,
according to' the order of the figns Aries, Taurus,

&c. 1n the ecliptic ; and we fay their motion is re-
trograde, when they move with a motion contrary
to that of the moon, or from ecaft to weft, contrary

Lo

1

B Rl et sl A



Chap. 4. = Puivrosoparcar DiscovERIEs. 345

to the order of the figns. We conceive the plane
of the moon’s motion to pafs always through the
centre of the earth and the centre of the moon, and
to be a plane in which the right line joining their
centres, and the right line that is the direction of the
moon’s motion, or the tangent of her orbit, are al-
ways found. It is certain, that if the earth and
moon were always aéted on equally by the fun, they
would defcend equally toward the fun; the plane
determined always by thefe two lines, would defcend
with them, keeping always parallel to itfelf, fo that
the moon would appear to us to revelve in the fame
plane conftantly, with refpect to the earth. But the
inequalities in the action of the fun, defcribed above,
will bring the moon out of this plane, to that fide
of the plane on which the fun is, in the half of her
orbit that is neareft the fun, and toward the other
fide, in the half of her orbit that is fartheft from
the fun.

From which we have this general rule for
_;udgmg of the effet of the fun on the nodes; s that
while the moon is in the half of her orbit that is
neareft the fun, the node towards which fhe is
moving is made to move towards che conjunétion
with the fun; and while the moon is in the half of
her orbit which is fartheft from the fun, the node
towards which fhe is moving is made to move
towards the oppofition: but when the nodes are in
conjunc¢tion with the fun, its altion has no effett
upon them. In the firft cafe, the moon is brought
into a direCtion which is on the fame fide, as the
fun is, of that direction which fhe would follow of
herfelf: and the interfection of a plane pafling
through this direétion, and through the centre of the
earth, will cut the ecliptic, on that fide towards
whlch the moon moves, in a point nearer the con-

4 junétion,
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junétion, than if there was no action of the fun to |

difturb her motion. In the other cale, the aétion of
the fun has a contrary direction, and for the fame

|

i
|

4

reafon, makes the enfuing node move towards the

oppofition. When the line of the nodes produced
paffes through the fun, then the fun, being in the
lane of the moon’s motion, has no effe¢t to bring

her to either fide 3 and therefore, in that cafe, the

nodes have no motion at all.

i %

11. From this general rule, it appears, that if
you fuppofe the nodes to be in the quarters a and c,
(Fig. 67.) after the moon fets out from the node a,

that is, in the quarter preceding the conjunétion B,

the enfuing node ¢ moves towards the conjunétion
' B, and is therefore rétrograde ; becaufe it moves in
a direction oppofite to that in which the moon
moves 3 and, 1n all this revolution of the moon, the
nodes are manifeftly retrograde ; for, after the moon
pafies the quarter ¢ that {ucceeds the conjunttion,
then the enfuing node o moves towards the oppofi-
tion p, fo that the nodes are, 1n that half of her
orbit allo, retrograde.

12. Suppofe the nodes in the fituation n#, {o as -

one of them may be between the quarter a and the
enfuing conjunétion g, while the other node # falls
on the oppofite point of the moon’s circle, between

the fubfequent quarter ¢ and the oppofition p, In
this cale, while the moon moves from a to n, the |

node N moves towards the conjun&ion g (by the ge-

neral principle in § 10.) and therefore its motion is |
direct, While the moon moves from n to c, the |

enfuing node » moves towards the conjunétion B,
and therefore is retrograde ; and becaufe the arc n c

exceeds a N, the retrograde motign exceeds the
2 dire&t
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dire¢t motion. While the moon moves from c to
n, the enfuing node » moves towards the oppolfition
p, and the motion of the nodes is then direct. But
while the moon moves from # to A, the enfuing
node n moves towards the oppofition p, and then
the mation of the nodes being contrary to the mo-
tion of the moon, their motion is retrograde ; and
becaufe the arc z a exceeds # ¢, it is apparent that
the motion is more retrograde than direct.

13. When (Fig. 68.) one node N is between the
conjunétion B and the enfuing quarter ¢, while the
moon moves from A to n, the enfuing node ¥ moves
towards the conjunction B, and therefore is retro-
grade : while the moon moves from ~ to ¢, the en-
fuing node #» moves towards the conjun&ion, and is
dire€t. But as the arc an exceeds n ¢, the retro-
grade motion of the nodes muft exceed the direct
motion. While the moon moves from ¢ to n, the
motion of the enfuing node is towards the oppofition
D, and is therefore retrograde. While the moon
moves from # to a, the enfuing node N moves
towards the oppofition p, and therefore is direct.
But, as the arc c#n exceeds an, it follows that the
retrograde motion exceeds the dire¢t motion.

It appears, therefore, that in every revolution of
the moon, the retrograde motion of the nodes ex-
ceeds the diret motion, excepting only when the
line of the nodes paffes through the fun, in which
cafe there 1s no motion of the nodes at all. We fee
then, how, from the principle of gravity, the nodes
of the moon are made to recede every year. Our
author has determined the quantity * of this retro-
grade meotion in every revolution of the moon, and

* Princip. Lib. IlI. Prop. 32.
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in every year; and it is no {mall pleafure to fee how
exactly the theory of thele motions, drawn from
their caufcs, agrees with the obfervations of aftro-
nomers. He finds, from the theory of gravity,
that the nodes ought to move backward about 19°
18  1” in the fpace of a year, and the aftronomical
tables make this motion 19° 21" 21" ; whofe dif-
ference is not -+ of the whole motion of the nodes
in a year. By a more correct computation of this
motion from its caufe, the theory and obfervation
agree within a few feconds.

14. The inclination of the moon’s orbit to the
ecliptic, 1s alfo fubject to many vanations. When
the nodes are in the quarters o and ¢, while the
moon moves from the quarter a to the conjunction
3, the action of the fun diminifhes the inclination of
the plane of her orbit ; the inclination of this plane
is leaft of all when the moon is in the conjunétion B :
it increafes again as fhe moves from the conjunétion
8 to the next quarter at ¢, and is there reftored to
its firlt quantity nearly. When the nodes of the
moon are in B and p, fo that the line of the nodes |
pafles through the fun, the inclination of the moon’s |
orbit is not affected by the action of the funj be- |
caufe, in that cafe, the plane of her orbit produced
pafies through the fun : and therefore the ation of
the fun can have no effect to bring the moon out of |
this plane to either fide. It is in this laft cafe that |
the inclination of the moon’s orbit is greateft ; it |
decreafes as the nodes move towards the quarters i
and it is leaft of all when the nodes are in the quar-
ters, and the moon either in the conjunétion or |
oppofition.  Our author calculates thefe irregula- |
rities from their caufes, and finds his conclufions :

agree
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agree very well with the obfervations of aftro-
nomers *,

15. The ation of the fun diminifhes the gravity
of the moon towards the earth, in the conjunétions
and oppolfitions, more than it adds to it in the quar-
ters, and, by diminifhing the force which retains the
moon 1n her orbit, 1t increafes her diftance from the
earth and her periodic time: and becaufe the earth
and moon are nearer the fun in their perihelium than
in their aphelium, and the fun aéts with a greater
force there, fo as to fubduét more from the moon’s
gravity towards the earth ; it follows, that the moon
muft revolve at a greater diftance, and take a longer
time to finith her revolution in the perihelium of the
earth, than in the aphelium ; and this alfo is con-
formable to obfervation.

16. There is another remarkable irregularity in
the moon’s motion, that alfo arifes from the ation

* To make the foregoing account of the motion of the
moon’s nodes flill clearer, we have added Fig. 69, (Plate VI.),
in which, the plane of the fcheme reprefenting that of the
ecliptic, s is the fun, T the centre of the earth, = the moon
in her orbit b x @# ; ~ # is the line of the nodes pafling between
the quadrature _and the moon’s place 1, in her laft quarter.
Let now L p, any part of L s, reprefent the excefs of the fun’s
altion at L, above his attion at T, and this being refolved into
the force L r, perpendicular to the plane of the moon’s orbit,
and p r parallel to it, "tis the former only that has any effect to
alter the pofition of the orbit, and in this it is wholly exerted.
Its effect is twofold ; (1.) It diminifhes its inclination, by a mo-
tion which we may conceive as performed round the diameter
pd, to which .T is perpendicular. (2.) Being compounded
with the moon’s tangential motion at r, 1t gives it an interme-
diate direCtion L #; thro’ which, and the centre of the earth, a
plane being drawn mult meet the ecliptic nearer the conjunétion
c than before : and in the fame manner, the other cafes are ex-

plained.
of
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of the fun: I mean, the progreflive motion of the
apfides. The moon defcribes an ellipfe about the
centre of the earth, having one of the foci in that
centre. Her greateft and leaft diftances from the
earth are in the apfides, or extremities of the longer
axis of the ellipfe. This is not found to point al-
ways to the fame place in the heavens, but to move
with a progreflive motion forwards, fo as to finith
a revolution round the earth’s centre in about
nine years.

To underftand the reafon of this motion of the
apfides, we muft recollect what was fhewed above,
that, if the gravity of a body decreafed lefs as the
diftance increafes, than according to the regular
courfe of gravity, the body would defcend {ooner
from the higher to the lower apfis, than in half a
revolution 3 and cherefore the aplis would recede in
that cafe, for it would move 1n a contrary direction
to the motion of the body, meeting it in its motion.
But if the gravity of the body fhould decreafe more
as the diftance increafes than according to the regu-
lar courfe of gravity, thar is, in a higher proportion
than as the fquare of the diftance increafes, the body
would take more than half a revolution to move
from the higher to the lower apfis; and therefore,
1o that cafe, the apfides would have a progreflive
motion in the fame direction as the body,

In the quarters, the fun’s altion adds to the gra-
vity of the moon, and the force it adds is greater,
as the diftance of themoon from the earth is greater;
fo that the action of the fun hinders her gravity
towards the carth, from decrealing as much while
the diftance increafes, as it ought to do according to
the regular courfe ﬂf oravity ; and therefore, while
the moon is in the quarters, her aplides muft recede..

In
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In the conjunction and oppofition, the aétion of the
fun fubduéts from the gravity of the moon towards
the earth, and fubduéts the more the greater her
diftance from the earth is, fo as to make her gra-
vity decreafe more as her diftance increafes, than
according to the regular courfe of gravity; and
therefore, in this cale, the apfides are in a progreffive
motion. Becaufe the attion of the fun {ubducts
more in the conjunétions and oppofitions from her
gravity, than it adds to it in the quarters, and, in
general, diminithes more than it augments her gra-
vity 5 hence it is that the progreflive motion of the
apfides exceeds the retrograde motion ; and there-
fore, the apfides are carried round according to the
order of the figns.

17. Thus the various irregularities of the moon’s
motion are explained from gravity : and from this
theory, with the afliftance of a long feries of ac-
curate obfervations, her motion may be at length
reduced fo exactly to computation, and her ap-
pulfes to the fixed ftars, over which fhe pafles
in her courfe, may be predicted with fo much ac-
curacy, as to afford, on many occaficns, an op-
pur}unity to navigators, to difcover their longitude
at fea,

C.EL A F
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CHA PV,

Of the path of a fecondary planet upon an immoveable
plane 3 with an illufiration of Sir Haac Newton’s
account of the motions of the f[atellites, from the
-theory of gravity *.
N defcribing the motions of the folar fyftem, i¢

is ufual to confider the primary planets, as res
volvifig in immoveable planes, but to refer the mo-
tions of the fatellites to planes that are carried along
with their primaries about the fun. Sir ffzac New-
ton follows the fame method, in accounting for their
motions from the theory of gravity : by this analyfis,
the explication of the motions themfelves, and of
the powers that produce them, 1s rendered more
fimple and eafy, than if we fhould refer the motion
of the fatellite to an immoveable plane, and con-
template only the path defcribed by it, in confe-
quence of fo compounded a motion, in abfolute
fpace. :
The properties, however, of this path are more |
fimple than perhaps will be expected on a fuperficial
confideration of it; and the referring of the motion
of the fatellite to it, may be of ufe on fome occa-
fions, particularly for refolving the difficulties fome
have found to underftand Sir Ifzac Newton’s account
of the motions of the fatellites, from gravity, This |
path is, in fome cafes, concave towards the funm
throughout ; in other cafes, the part of it neareft |
* The following chapter, as belonging properly to this pl&ﬂf;-?'-
is inferted from a letter of the author, to his learned friend Dr.

Benjamsin Hoadley, phyfician to his Majelty’s honfehold, :

the
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the fun is convex towards the fun, and the reft is
concave. An inftance of the former we have in
the moon, of the latter in the fatellites of the fupe-

rior planets.

The force that bends the courfe of the fatellite
into a curve, when the motion is referred to an im-
moveable plane, is, at the conjunétion, the diffe-
rence of its gravity towards the fun, and of its gra-
vity towards the primary. When the former pre-
vails over the latter, the force that bends the courfe
of the fatellite tends towards the fun ; confequently,
the concavity of the path is towards the fun: and
this is the cafe of the Moon, as will appear afterwards,
When the gravity towards the primary exceeds the
gravity towards the fun, at the conjunétion, then
the force that bends the courfe of the fatellite tends
towards the primary, and therefore towards the op-
pofition of the fun; confequently the path is there’
convex towards the fun: and this is the cafe of the
{atellites of Fupiter. When thele two forces are
equal, the path has, at the conjunétion, what ma-
thematicians call a point of refitude ; in which cale,
however, the path is concave towards the fun
throughout.

Becaufe the gravity of the moon towards the fun
is found to be greater, at the conjunction, than her
gravity towards the earth, fo that the point of equal
attraction, where thofe two powers woull fuftain
each other, falls then between the moon and earth,
fome * have apprehended that either the parallax of
the {un is very different from that which is afligned
by aftronomers, or that the moon ought neceflarily
to abandon the earth, This apprehenfion may be

* See Cofinotheoria pueri lis.

A a E_;ﬁly
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cafily removed, by attending to what has been thewn
by Sir fjaac Newton, and is illuftrated by vulgar ex-
periments, concerning the motions of bodies about
one another, that are all acted upon by a third force
in the fame dire€tion. Their relative motions, not
“being in the leaft difturbed by this third force, if it
a&t equally upon them in paralle] lines; as the rela-
tive motions of the fhips in a fleet, carried away by
a current, are no way affected by it, if it act equally
upon them ; or as the rotation of a bullet, or bomb,
about its axis, while it is projected in the air, or the
figure of a drop of falling rain, are not at all affected
by the gravity of the particles of which they are
made up, towards the earth. It is to the inequality
of the actions of the fun upon the earth and moon,
and the want of parallelifm in the direttions of thefe
actions, only, that we are to afcribe the irregulari-
tics in the motion of the moon.

But it may contribute towards removing this diffi-
culty, to obferve, that if the abfolute velocity of the
moon, at the conjunction, was lefs than that which
is requifite to-carry a body in a circle there around
the fun, fuppofing this body to be atted on by the
lame force which acts there on the moon, (7. e. by
the excefs of her gravity towards the fun, above her
gravity towards the earth,) then the moon would,
indeed, abandon the earth, For, in that cafe, the
moon having lefs velocity than would be neceffary
to prevent her from defcending within that circle,
{he would approach to the fun, and recede from the
carth. But tho’ the ablolute velocity of the moon,
at the conjunction, be lefs than the velocity of the
earth in the annual orbit, yet her gravity towards the

fun is {fo much diminifhed by her gravity towards
the earth, that her abfolute velocity 1s ftill much fu-

perior to that which is requifite to carry a body in a

. circle,
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circle, there, about the fun, that is acted on by the
remaining force only. Therefore, from the moment
of the conjunétion, the moon is carried without fuch
a circle, receding continually from the {un to greater
and greater diftances, till the arrive at the oppofi-
tion; where, being afted on by the fum of thofe
two gravities, and her velocity being now lefs than
what is requifite to carry a body in a circle, there,
about the fun, that is aéted on by a force equal to
that fum, the moon thence begins to approach to
the fun again. Thus fhe recedes from the fun and
approaches to it by turns, and in every month her
path has two apfides, a peribelium at the conjuntion,
and an aplelium at the oppolition ; between which
the is always carried, in a manner fimilar to that in
which the primary planets revolve between their ap-
fides. The planet recedes from the fun at the peri-
helium, becaufe its velocity, there, is greater than
that with which a circle could be defcribed about the
fun, at the fame diftance, by the fame centripetal
force ; and approaches towards the fun from the
aphelium, becaufe its velocity there, is lefs than is
. requifite, to carry it in a circle, at that diftance,

about the fun, See my Treatife of Fluxions, Art,

447.

Tho’ the path of the moon be concave towards
the fun throughout, its curvature is very unequal:
it is lealt at each lower aplide or conjunction, and

- greateft at each higher apfide or oppofition. The
path of a fatellite of Fupiter has likewife two apfides,
- in the part which is defcribed every fynodic revolu-
‘tion; but in the lower apfide, the convexity is
towards the fun; and it has likewife two points of

 contrary flexure in every fuch part *.

| * See the note to Coro/. 1. Prop. II. belowe

: Aaz By
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By confidering this path, we fhall arrive at the
fame conclufions which Sir Ifzac Newton derived,
more briefly, from the laws of motion ; that if the
folar action was the fame on the fatellite and on the
primary, and in the fame direttion, the motion of
the fatellite around the primary, would be the fame
as if the fun was away. This will appear from the
following propofitions, where we fuppofe the orbits
of the primary about the fun, and of the fatellite
about the primary, to be both circular, and the

motions in thefe orbits to be uniform and in the
fame plane.

PROPOSITION I Fig. vo. PL VI

The path of the [atellite, on animmoveable plane, is
the epicycloid that is defcribed by a given point in the
plane of a circle, which revolves on a circular bafe,
having its centre in the centre of the fun, and iis dia-
meler in the fame proportion to the diameter of the re-
volving circle, as the periodic time of the primary
about the fun, to the time of the fynodic revolution of
the [atellite about the primary : the tangent of the path
is perpendicular to the vight line that joins the fatellite
to the contalt of the 1wo circles : and the abfolute ve-

locity of the fatellite is always as ils difiance from that
eontail.

Let T denote the periodic time of the primary
about the fun, ¢ the periodic time of the fatellite
about the primary. Let s reprefent the fun, aa
the orbit of the primary ; upon the radius a s, take
AEto As as 2 1sto T. From the centre s defcribe
the circle eez, and from the centre a the circle
M F. Let this circle E M r revolve on the other
E €z, as its bafe: then a point L, taken on the plane

of
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of the circle £ M r, at the diftance a 1, equal to the
diftance of the fatellite from the primary, fhall de-
icribe the path of the fatellite,

For fuppofe the circle e MF to move into the fitua-
tion em f, the point A to ¢, Lto/, and let AL and
al, produced, meet eMF and emf, in m and m.
Upon the arc em take er—e M, then the angle
ear=t AM. Letar meetthe circle ¢/d, defcribed
from the centre ¢ with the diftance 2/, in ¢; and
becaufe eag=raL, the angle eaq reprefents the
elongation of the fatellite from the fun at its firft
place L. Becaufe em (—er+4rm) =ee+Em and
er—EM, it follows that rm=e¢E ; confequently the
angle 7am :¢SE::SE:AE:: T—/:¢3 or, as the
angular velocity of the fatellite from the fun, to the
angular velocity of the primary about the fun. But
Ese is the angle deferibed by the primary about the
fun, confequently ram, or ga/, is the fimultaneous
increment of the elongation of the fatellite from the
fun; / 1s its place when the primary comes to a3
and the epicycloid defcribed by / is the path of the
fatellice.

Becaufe the circle £ mr moves on the point g, the
diretion of the motion of any point L is perpendi-
cular to EL; or the tangent of the path at any point
L is perpendicular to L.  The velocity of any point
L is as its diftance £ 1. ; and, the motion of the pri-
mary A being fuppofed uniform and reprefented by
E A, the velocity of the fatellite fhall be reprefented
by EL.

PROPGSITION 1L

Upon As take AB:ASi:tt:TT (0r AB:AE::
AE:AS); upon the diameter £ B defcribe the circle
Aa3 EKB
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E KB weeling E L in K, take LO a third proportional.
to LK and LE, on the fame fide of L with Lk 3 and
"0 fhall ke the centre of the curvature at L of the pa:,_&
and LO the ray of curvature.

Becaufe £ L and e/ are perpendicular to the path
at the points L and /, let them be produced, and
their ultimate interfetion o fhall be the centre of
curvature at L. Produce ge till it meet LE in v,
join sv, and the angle s¢v=gea=LEA=SEV;
confequently the angle evE=esE, the angle EVS
—ese, and the angle Evs=ge¢s, and sv is ulti-
mately perpendicular to Eo. Now the angle Eoe¢
1s ultimately to Eve (;=ES¢) as EV to E 0, that is
(becaufe EV:EK::ES:EB;:AS:AE)as EKXAS (O
eoxaE. But the angular motion of £1 being
equal to the angular motion of E 4, while the circle
EMF turns on the point g, L E/ is therefore ulti-
mately equal to AEa, which is to Ese as sA to
AE; and Eoe¢ being to LE/ as EL to Lo, it fol-
lows that E0¢: ES¢::8AXEL: AEXLO :EKXS A
EOXAE. Therefore EL:LO:!EK:E0, and EL:
LK:ILO:EL, Of LK, LE and L O are in continued
proportion. ‘This theorem ferves for determining
the ray of curvature of epicycloids and cycloids of all
forts ; only when the bafe ¢ is a right line, A B
vamﬂacs, and E & becomes equal to & a,

Corol, 1. When a1 or ac is lefs than A B, then
{(becaufe L o is always on the fame fide of the point
1 with L k) the path is concave towards s through-
out, When ac=a B, the curvature at the con-
junction vanithes, or the path has there a point of
reflitude. When ac is greater than A B (or Asx

-—} a portion of the path near the cdnjunttion is
convex tnwards s, becaufe a part of the circlecL n

fa.Hs
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falls within the circle 8 x ; and when L comes to
either of the interfections of thefe two circles, the
path has a point of contrary flexure *.

Corol. 2. In the cafe of the moon, ¢£: T T::1
178, and A B=y7¢XAS; but ac is about X
as; confequently ac is lefs than a B, and the
path of the moon is concave towards the fun
throughout.

PROPOSINTO NI,

Let AB:As:itt: TT, and the force by which the
path of the [atellite can be defcribed on an immoveable
p!ang, is aquy.r direited to the point B upon the ray

s and is always meafured by B L the diftance of the
fateﬂ:te from the point B, the grauvity of the primary
towards the fun being reprefented by B A,

We conceive the force by which this path could
be defcribed, on an immoveable plane, to be refolved
into a force that acts in the direttion o, perpendi-
cular to the path, and bends the path, but has no
effett on the wvelocity of the fatellite; and a force
perpr:nd:cular to . o that accelerates or retards the
motion of the fatellite. The former of thefe is
meafured by L x, the latter by B x, the gravity of
the primary towards the fun being meafured by 4 s.
For the former is tu the gravity of the primary

towards s, as - : _& — (thofe forces being directly

as the fquares of the velocities, and inverfely as the

* If A c=a &, thefe points meet again, and form a cufp -
and if ac is grgater than A g, the path has a #sdus : which laft
is the cafe G the innermoft of the fatellites of Fupiter and

Saturn,
Aayg yays
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rays of the curvature) that is, as LK to A B, by
Prop. 11. Therefore the gravity of the primary
being reprefented by a B, the former force will be
meafured by v k.

The fecond force that afts on the fatellite in the
direction of the tangent of its path, and accelerates
or retards its motion, 18 as the fluxion of the velo-
city E L directly, and the fluxion of the time inverfe-

ly. The fluxion of the time is meafured by E:

(a a being the arc defcribed by the primary, and

¥ 4 the velocity with which it is deferibed) == =

-—.-—EE-—-
rm Lo ag : ; "
ST TINI {ﬁlppﬂﬁpg an and g« to be perpendi-
culars to ¢/ in # and #, becaule lq:lu;:ac:an, or

ol u | 1
rEXlu_ L4 Therefore the force which
EBX AN BE

1s meafured by /#, the fluxion of the velocity £/,

AC:AN)

or £1, divided by the fluxion of the time or i{, 15
meafured by sx. The force; therefore, in the di-
reftion L& being meafured by Lk, and the force in
the perpendicular direftion x 38 by k B, the com-
pounded force is meafured by v 8, and is direcied
from L to B,

1t appears, from what has been demonftrated,
that the path may be defcribed by a force directed
towards the point B, (which 1s given upon the ray
A s, but revolves along with this ray about s) or by
any forces which, compounded together, generate
a force tending to B, and always proportional to L B,
the diftance of the fatellite from s. Let Lu be
equal and parallel to A B, and A 5 uL fhall be a pa-
rallellogram, and the force L x may be compounded

of
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of Luand L aj that is, the force L k may be the
refult of a force 1 u acting on the fatellite, equal and
parallel to a B, the gravity of the primary towards
the fun, and of a force 1 4 tending to the primary,
and equal to the gravity by which the fatellite would
defcribe the circle ¢ L p about the primary, in the
fame periodic time #, if the fun was away ; becaufe
fuch a force is to the gravity of the primary towards

A
the fun, (reprefented by a 8) as * T ~ to T—:: Or as AL

o A 5){-—=AB;
TT

Thus we arrive at the fame conclufion which Sir
Ifaac Newton, more briefly, derived from an analyfis
of the motions of the fatellite 3 that while the fatel-
lite gravitates towards the primary, if, at the fame
time, it be atted on by the fame folar force as the
primary, and with a parallel direction, it will re-
volve about the primary, in the fame manner as if
this laft was at reft, and there was no folar action,
Thefe two forces, the gravitation towards the pri-
mary, and a force equal and parallel to the gravita-
tion of the primary towards the {un, are exaétly fuf-
ficient to account for the compounded motion of the
fatellite in its path, however complex a curved-line
it may appear to be. Nor is there any perturbation
of the fatellite’s motion, but what arifes from the
inequality of the gravity of the fatellite, and of the
primary towards the fun, or from their not acting
10 parallel lines. If we thould {uppofe them to move
about their common centre of gravity, while this is
carried round the fun, or if we fuppofe the orbits to
be elliptical, the conclufions will {till be found con-
‘fonant to what was more briefly deduced by this
great author,

CHAP
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CrLov P VL

Of the fgure of the earth, and the preceflion of the
equInoxes.

1. YF the earth was fluid, and had no motion on

its axis, the equal gravitation of its parts
towards each other would give it a figure exaétly
{pherical, the columns from the furface to the centre
mutually {uftaining each other at equal heights from
it. But, becaufe of the diurnal rotation of the earth
-on its axis, the gravity of the parts at the equator is
diminifhed by the centrifugal force arifing from this
rotation ; the gravity of the parts on either fide of
the equator is diminifhed lefs, as the velocity of ro-
tation is lefs, and the centrifugal force, arifing from
it alts lefs direétly againft the gravity of the parts ;
while the gravity at the poles is not at all affected by
the rotation. ‘The equilibrium that was {uppofed to
be among(t the parts will not, therefore, now fubfift
in a {pherical figure, but will be deitroyed by the
inequality of their gravitation, till the water rife at
the equator and fink at the poles, fo as, by a greater
height at the equator, to compenfate the greater gra-
vity at the poles; and till, by afluming an interme-
diate height in the intermediate places, the whole
earth become of an oblate fpheroidal form, whofe
diameter at the equator will be the greateft, and the
axis the leaft, of all-the lines that can pafs through
the centre.

2. If the gravity of a body at the equator was
deftroyed, the motion of rotation would there make
it go off in a tangent to the earth 5 and by moving
in the tangent it would rife, in a fecond of time,
gl U from
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from the fpherical body of the earth, as much as
_one extremity of the arc which bodies defcribe there,
.in a fecond, falls below the tangent drawn at the
other extremity : and this is found to be a fpace of
about 7,54 lines, French meafure.  The effet of
the centrifugal force of bodies at the equator, in a
{fecond of time, is proportional to this {pace, The
effect of the centrifugal force at any place at a dif-
tance from the equator, for example, at Paris, is
lefs for the reafons above mentioned ; and, there, it
‘is found, by calculation, that it could only produce
a motion of 3,267 lines in a fecond. Add thisto
what, by experiments, bodies are found to delcribe
by their gravity at Paris, viz. 15 feet, 1 inch and
- 2 lines, and the fum 215%,267 lines will fhew the
fpace which bodies would defcribe by their gravity,
in a fecond of time, if there was no centrifugal
“force there. By comparing this with the effe&t of
the centrifugal force at the equator, in the fame
time, we fhall find that the centrifugal force, there,
is the .45 part of the power of gravity, becaufe
9554 15 t0 2177,267 as 1 to 289.

3. From this it follows, that a body at the equa-
tor lofes 4w, at leaft, of its gravity ; and the
.equator muft be, at leaft, -4 higher than the poles
from the centre of the earth. But as the parts of
the equator lofe ftill of their gravity as they rife from
the centre of the earth, and the regular courfe of
gravity is altered by the change of figure, this is
not the true proportion of the height of the earth
at the equator, to its height at the poles.

- Qur author, who was never at a lofs to find fome
expedient by which he might determine, accurately
or near the truth, what he wanted ; in order to take
in thefe perplexed confiderations, aflumes, as an

bypo-
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bypothefis, that the axis of the earth is to the diame-
ter of the equator, as 100 to ror; he thence de-
termines what muft be the centrifugal force at the
equator, that the earth might take fuch a form, and
finds it muft be & of gravity, and therefore would
exceed the prefent centrifugal force there, which is
only 3 of gravity. By the rule of proportion, he
fays, that if a centrifugal force equal to %, of gra-
vity, would make the earth higher at the equator
than at the poles, by +++ of the whole height at the
poles, a centrifugal force that is the - of gravity,
will make it higher by a proportional excefs, which
is found by calculation to be ;1 of the height at
the poles; and thus our author difcovers that the
diameter at the equator is to the diameter at the
poles, or the axis, as 230 to 229.

4. This computation {uppofes the earth to be of
an uniform denfity every where : but if the earth is
more denfe near the centre, then bodies at the poles
will be more attratted by this additional matter
being nearer to it; and, for this reafon, the excefs
of the femidiameter of the equator above the femi-
axis will be different. 'What we have faid of a fluid
earth muft hold of the earth in its prefent ftate; for
if it had not this figure in its folid parts, but a {phe-
rical figure, the ocean would overflow all the equa-
torial regions, and leave the polar regions elevated
many miles above the level of the fea; whereas we
find the one is no more elevated above the level of
the ocean, than the other.

5. The planet Fupéter revolves on his axis with
much more rapidity than our earth, and finithes his
diurnal rotation in lefs than ten hours. The denfity
of that planet is alfo lefs; and therefore his figure
15 more different from a fphere than the figure iuf

the
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the earth, and his equatorial diameter exceeds his
axis in a greater proportion. Their difference is fo
fenfible, that they are found, by the obfervations of
aftronomers, to be to one another as 13 1s to 12,

6. The decreafe of gravity from the poles towards
the equator, is very manifeft from the motion of
pendulums. A pendulum that vibrates, in a {econd,
in the northern regions, when carried to the equa-
tor, 1s always found to move too flow, and requires
to be made fhorter to vibrate truly in a fecond. This
fhews the gravity is lefs there: and this obfervation
confirms the diurnal motion of the earth, and its
oblate fpheroidal figure at the fame time. It is alfo
a confequence of this figure of the earth, that the
degrees in a meridian muft increafe from ‘the equa-
tor to the poles ; but the difference is fo {mall that
it cannot be difcovered, from obfervation, but in
latitudes that differ confiderably from each other 3
and the variation of the degrees, that are near one
another, appears, by our author’s computations,
to be incomparably lefs adapted for judging of the
figure of the earth, than the motion of pendulums,
in which the leaft variation becomes very fenfible, in
a great number of vibracions.

. Some have imagined the flownefs of the pen-
dulums, at the equator, may have proceeded, from
the rod of the pendulum being extended to a greater
length, by the heat: but our author has fhewed,
that this could produce but a very {fmall part of the
effect. Mr. Richer, who was very careful in making
his obfervations, found, that a pendulum vibrating
in a fecond of time, in the ifland of Cayenne, was
fhorter than one that vibrated, in the {fame time, at
Paris, by one line and a fourth part of a line. Our
author, with good reafon, thinks that a difference

of
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of one fixth part of aline, may be allowed as the
effet of the heat; and, fubduéting this from the
difference obferved by Mr. Ricker, the remainder,
3 line and % of a line, is the difference owing to
the decreafe of gravity, and is very confonant to
what our author draws from his theory. This ob-
fervation and our author’s theory agree, in allowing
feventeen miles for the excefs of the height of the
earth at the equator, above its height at the poles.

8. From the oblate figure of the earth, our au-
thor has accounted for the preceffion of the equinoxes.
We commonly fuppofe, that, while the earth moves
in her orbit round the fun, her axis continues always
pafallel to itfelf, fo as to form an invariable angle
with the ecliptic of about 66L°: from hence it is,
that the plane of the equator is inclined to the eclip-
tic, in an angle of 231°, and produced pafles
through the centre of the fun, twice only in every
revolution. The points of the heavens, where the
centre of the fun appears to be, in thefe two cafes,
are called the equinoctial points. In any other parts
of the earth’s orbit, the {fun is on one fide of the
plane of the equator; being to the north of it in
the fummer half of the year, and to the fouth of it
in the winter half. Thefe equinoctial points are not
fixed in the heavens, but have a {low motion, from
ealt to weft, among the ftars, of about 50" in a
year ; and hence it is, that the interval of time be-
twixt any equinox and that fame equinox, in the
following revolution of the earth (which aftronomers
call the tropical year), is fome minutes thorter than
the fidereal year, or the period wherein the earth re-
volves from one point of her orbit, to the fame point
again: and, becaufe the retrograde motion of the
equinoctial points thus advances the time of every
equinox a little fooner than it would otherwife have

hap-
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happened, this phznomenon is called the preceffion
of the equinoxes. The philofophers who maintained
the Piolemaic {yftem afcribed this motion to the fixed
ftars ; and, in their ordinary way, made no feruple
to contrive a fphere for this purpofe, which they
fuppofed to revolve with a very {low motion on the
poles of the ecliptic, and to carry all the fixed ftars
along with 1t; whereas this phanomenon is ac-
counted for by a retrograde motion of the nodes of
the equator and ecliptic, fimilar to the motion of the
nodes of the moon’s orbit.

It was fhewn above, how the ation of the fun
produces the retrograde motion of the nodes of the
moon ; and it follows, from the fame principles,
that if a planet revolved about the earth near to its
furface in the plane of the equator, its nodes would
alfo go backward, tho’ with a flower motion than
thofe of the moon, in proportion as its diftance from
the earth’s centre was lefs than that of the moon.
Suppofe the number of fuch planets to be increafed
till they touch each other, and form a ring in the
equator, and the nodes of this ring would go back- -
ward in the {ame manner as the nodes of the orbit,
of any one planet revolving there, Suppofe then
this ring to adhere to the earth; and its nodes would
ftill go backward, but with a much flower motion,
becaufe the ring muft move the whole earth, to
which it is fuppofed to adhere. The elevation of
the equatorial parts of the earcth has the fame effect
as fuch a ring would have ; only the motion of the
nodes of the equator, or of the equinoctial points,
15 flower, becaufe the accumulated parts of the earth,
above a fpherical figure, are diffufed over its furface,
and have a lefs effect than if cthey were all collected
in the place of the equartor, in the form of a ring.
The moon has a greater force on this ring than the

: fun,
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fun, becaufe of her lefs diftance from the earths
and they both contribute to produce the retrograde
motion of the equinottial points : the motion, how-
ever, produced by both is fo {low, that thofe points
will not finifh a revolution in lefs than 25000 years,
Our author has determined the quantity of this mo-
tion, from its caufes, and finds it, from the theory,
to be perfettly confonant with the obfervations of
altronomers.

There is another effe& of the a&ion of the fun
and moon on this ring, which is too fmall to be fen-
fible in aftronomical obfervations: their action on
the ring, makes its inclination to the ecliptic to de-
creafe and increafe, by turns, twice every year.

LHR B S
Of the ebbing and flowing of the [ea,

T is not in the motions of the celeftial bodies

only, that the effects of their mutual gravita-
tion are vifible, for we are now to fhew, that a pha-
nomenon which pafies on our earth, and is known
to every body, proceeds from the fame principle
I mean, the ebbing and flowing of the fea, the fo-
lution of which, from the bad fuccefs of thofe who
attempted it before our author, had become a re-
proach to philofoph. But he has very plainly and
fully accounted for it, from the unequal gravitations
of the parts of the earth towards the fun and moon.
It will be worth while, becaufe it is a very celebrated
queftion, to be the more particular in explaining his
{olution of it. 2

Il



Chap. 6. PHivosopuicar DiscovErizs, 369

It 1s obvious, that, if the earth was entirely fluid,
and quicfcent, its particles, by their mutual gravicy
towards each other, would form themlelves into the
figure of an exact {phere. Suppole now, that fome
power acts on all the particles of this earth, ‘with an
equal force, and in parallel direions, the whole
mafs will be moved by {uch a power, but its figure
will fuffer no alteration by it ; becaufe all the parti-
cles being equally moved by this power, in parailel
lines, they will ftill keep the fame fituation with re-
fpet to each other, and ftill form a {phere, whofe
centre will have the fame motion as each particle,
For, as a drop of water, while it falls towards the
earth, retains its {pherical figure ; and, as the fitua-
tion of bodies in a thip, that moves with an uniform
motion forward, is no way affected by the motion
which i1s common to the [hip and all the bodies in
it; fo the ficuation of the parts of the earth, with
refpect to each other, can be no way affected by any
power that acts with the fame force, and in the fame

direction, on every part, and promotes each equally.

We have already thewed, that the particles of the
earth gravitate towards the moon, and if the gravi-
tation of the particles was every where the (ame, and
acted in the fame direétion, it would have no effelt
on the figure of the earth; fo that, if the motion
of the earth round the common centre of gravity of
the earth and moon was deftroyed, and the earth
was left to the influence of its gravitation towards
the moon, the earth falling towards the moon would
retain its {pherical figure, all the parts being equally
carried on, and retaining, therefore, the fame [itua-
tion with refpect to each other. i

B b But
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But the attions of the moon, on different parts of
the earth, are unequal; thofe parts, by the general
law, being moft attraéted which are nearefl the
moon, and thofe being leaft atrratted which are
farthet from the moon; while the parts that are at
a middle diftance, are attratted by a mean degree of
force : nor are all the parts acted on in parallel lines,
but in lines dire@ed towards the centre of the moon :
and, on thefe accounts, the fpherical figure of the

earth muft fuffer fome change from the moon’s
altion,

Suppofe the carth to fall towards the moon, as
before, and let us abftract from the mutual gravita-
tion of its parts towards each other, as alfo from
their cohefion 3 and it will ealily appear, that the
parts neareft the moon would fall with the fwifteft
motion, being moft attratted, and that they would
leave the centre or greater bulk of the earth behind
them in their fall; while the more remote parts
would fall with the floweft motion, being lefs at-
tracted than the reft, and be left a little behind the
bulk of the earth, fo as to be found at a greater
diftance from the centre of the earth than at the be-
ginning of the motion. From which it is manifeft,
that the earth would foon lofe its fpherical figure,
and form itfelf into an oblong fpheroid, whofe long-
elt diameter would point at cthe centre of the moon.
If the particles of the earth did not gravitate towards
each other, but towards the moon only, the diftances
betwixt the parts of the earth that are fuppofed to be
neareft to the moon, and the central parts, would
continually increafe, becaufe of their greater celerity
in falling ; and the diftance betwixt the central parts,
and the parts that are fartheft from the moon, would
increafe continually at the fame time ; thefe being

I left
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left behind by the central parts, which they would
follow, but with a lefs velocity. Thus the figure
of the earth would become more and more oblong,
that diameter of it which pointed towards the moon

continually increafing.

But this is not the only reafon why the earth
would foon affume an oblong fpheroidal form, if its
parts were allowed to fall freely by their gravity
towards the moon’s centre.  The lateral parts of the
earth (that is, thofe which are at the diftance of a
quarter of a circle from the point which is directly
below the moon) and the central parts defcending
with equal velocities, towards the fame point, viz.
the centre of the moon, in approaching to it, would
manifeftly approach, at the fame time, to each other,
and, their diftance growing lefs, the diameters of
the earth pafling through them would become lefs 5
fo that the diameter of the earth that points towards
the moon would increafe, and thofe diameters of the
earth that are perpendicular to the line joining the
«centres of the earth and moon, would decreafe at
the fame time, and render the figure of the earth

ftill more oblong for this reafon.

Let us now allow the parts of the carth to gra-
vitate towards its centre ; and, as this gravitation far
exceeds the action of thie moon, and much more ex-
ceeds the differences of her actions on the different
parts of the carth, the effect that will refult from
the inequalities of thefe actions of the moon, will
be only a fmall diminution of the gravity of thofe
parts of the earth which it endeavoured, in our
former fuppofiticn, to feparate from its centre, and
a {mall addition to the gravity of thefe parts which it
endeavoured to bring nearer to its centre; that is,

thofe parts of the earth which are nearet to the
' Bba MQOI,
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moon, and thofe which are fartheft from her, will
have their gravity towards the earth fomewhar abated;
whereas the lateral parts will have their gravity in-
creafed : fo that, if the earth be fuppofed fluid, the
columns from the centre to the neareft and to the
fartheft parts muft rife, till, by their greater height,
they be able to ballance the other columns, whofe
gravity is either not fo much diminithed, or is in-
creafed by the inequalities of the action of the moon :

and thus the figure of the fluid earth muft be ftill an
oblong fpheroid.

We have hitherto fuppofed the earth to fall
towards the moon by its gravity. Let us now con-
fider the earith as projected in any diretion, fo as to
move round the centre of gravity of the earth and
roon : it is manifeft, that the gravity of each par-
ticle towards the moon will endeavour to bring it as
far from the tangent, in any {mali moment of time,
as if the earth was allowed to fall freely towards the
moon 3 in the fame manner as any projectile at eur
earth, falls from the line of projeftion as far as it
would fall by its gravity in the perpendicular, in the
fame time. Therefore the parts of the earth neareft
to the moon, will endeavour to fall fartheft from the
tangent, and thofe fartheft {from the moon will en-
deavour to fall leaft from the tangent, of all the
parts of the carth; and the figure of the earth,
thercfore, will be the fame as if the earth fell freel
towards the moon : that is, the earth will ftill affeét

a {pheroidal form, having its longeft diameter direéted
towards the moon.

What muft be carefully attended to here, is, that |
it is not the action of the moon, but the inequalities |
m that aCtion, that produce any variation from the :
fpherical figure; and that if this action was{athcg

. | me .
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fame in all the particles as in the central parts, and
acted in the fame direction, no fuch change would
enfue, Our author, therefore, to account for this
matter, conceives firft the attraction of the central
parts to be diffufed with an equal force over all the
parts, in the fame direction, and then conceives the
inequalities as arifing from a power fuperadded, and
diretted towards the moon where there is an excefs,
and directed in the oppofite line where there is a de-
feét, in the attra@ion of the parts, compared with
the attraction of the central parts: for thus the fum
of thefe forces, in the firft cale, will account for the
attraCtion where it exceeds, and their difference will
account for the attraction where it 1s lefs than in the
central parts. And when the effects of thefe powers
are confidered as they aftect the figure of the earth,
it is manifeft that they muft produce fuch an oblong -
fpheroid as we have defcribed 5 the fuperadded force
drawing the parts neareft the moon towards her, and
therefore from the earth’s centre, while it draws the
parts fartheft from the moon in an oppofite direc-
tion; and therefore {till draws from the centre of the
earth alfo,

The ation of the moon on the lateral parts is
refolved into two, one equal and parallel in its di-
rection to her ation on the central parts, and an-
other direted from thofe lateral parts towards the
centre of the earths the firft of thefe can have no
effect upon the figure of the earth, being confidered
as common to all the particles, and therefore to be
negieted in this enquiry : it is the other that adds-to
the gravity of the lateral parts towards the centre of
the earth, and, by adding to the weight of the lateral
cnlumns, it makf:s them fuftain the other columns,
whole . gravity 1s diminithed by the action of the
moon, to a greater height 5 and the power which

Bbj alters
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alters the fpherical figure is to be eftimated as the
fum of two powers, that which is added to the gra-
vity of the one, and is fubducted from the gravity of
the other.

Hitherto we have abftrated from the motion of
the earth on its axis : but this muft alfo be confidered
in order to know the real effet of the moon’s ac-
tions on the fea. Was it not for this motion, the
longeft diameter of the fpheroidal figure, which the
fluid earth would afflume, would point at the moon’s
centre 3 but, becaufe of the motion of the whole
mafs of the earth on its axis from weft to eaft, the
moft elevated part of the water no longer anfwers
precifely to the moon, but is carried beyond the
moon towards the eaft in the direction of the rota-
tion,

The water continues to rife after it has paffed di-
retly under the moon, tho’ the immediate action of
the moon there begias to decreafe, and comes nat to
its greateft elevation till it has got half a quadrant
further. It continues to defcend after it has paffed at
go degrees diftance from the point below the moon,
tho’ the force which the moon adds to its gravity be-
oins to decreale there. For ftill the aftian of the
moon adds to its gravity, and makes it defcend till
it has got half a quadrant farther: the greateft ele-
vation, therefore, is not in the points which are in a
line with the centres of the earth and moon, but
about half a quadrant to the eaft of thefe points in
the direc¢tion of the motion of rotation,

Thus it appears that the fpheroidal form, which
the fluid earth would affect, will be fo fitnated that
the longeft diameter of that figure will point to the
calt of the moon, or that the moon will always be

Q
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to the weft of the meridian of the parts of greateft
elevation. Suppofe now an ifland fn this fluid earth,
and it will approach in every revolution to each ele-
vated part of this fpheroid, and the water on the
fhore of this ifland will neceffarily rife twice every
lunar day ; and the time of high water will be when
1t approaches to thefe elevated parts, thatis, when
it has paffed to the eaft of the moon, or when the
moon 1s at fome diftance to the welt of the me-
ridian.

We have hitherto taken notice of the action of
the moon only : but it is manifeft, that, for the fame
reafons, the inequality of the fun’s aftion on the
different parts of the earth would produce a like
effect, and that thefe alone would produce a like va-
riation from the exalt fpherical figure of a fluid
earth. Indeed the effet of the fun, becaufe of his
immenfe diftance, muft be confiderably lefs, tho’
the gravity towards the fun be vaftly greater. For
it is not their actions, but the inequalities in the
actions of each, which have any effect ; as we have
often obferved. The fun’s diftance is {o great, that
the diameter of the earth is a point compared to it,
and the difference between the actions of the fun on
the neareft and fartheft parts becomes, on this ac-
count, vaftly lefs than it would be if the fun was as
near as the moon, whofe diftance from us is about
30 diameters of the earth, Thus the inequality of
the action of the earth on the parts of a drop of wa-
ter is altogether infenfible, becaufe the diameter of
the drop is an infenfible quantity compared with its
diftance from the centre of the earth.,

However, the immenfe bulk of the fun makes
the effet ftill fenfible at {o vaft a diftance; and
therefore, tho’ the altion of the moon has the great-

Bba4 clt
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eft fhare in producing the tides, the ation of the
fun adds fenfibly to it when they confpire together,
as in the change and full of the moon, when they
are nearly in the fame line with the centre of the
earth, and therefore unite their forces ; fo that then
the tides are greateft, and are what we call the /pring
tides. The attion of the fun diminifhes the effeét of
the moon’s action in the quarters, becaufe the one
raifes the water in that cale where the other deprefles
it ; and therefore the tides then are leaft ; and thefe
we call the weap tides. 'Tho’, to {peak accurately,

the fpring and neap tides muft be fome time after ;-

becaufe, as in other cafes, fo in this, the effeét is not
greatelt or leaft when the immediate influence of the
caufe is greateflt or leaft. As the greateft heat, for

example, is not on the folftitial day, when the im-.

mediate action of the fun is greateft, but fome time
after.

That this may be more clearly underftood, let it
be confidered, that, tho’ the actions of the fun and
moon were to ceafe this moment, yet the tides would
continue to have their courfe for fome time: For the
water where it 1s now higheft would {ubfide and flow
down on the parts that are lower, till, by the motion
of defcent, being there accumulated to too great a
height, it woul.i neceffarily return again to its firlt
place, tho’ in a lefs meafure, being retarded by the
refiftance arifing from the attrition of its parts.
Thus it would for fome time continue in an agita-
tion like to that in which it is at prefent. The
waves of the fea that continue after a ftorm ceafes,

and every motion almoft of a fluid, may illuftrate
this.

The high water does not always anfwer to the
fame fituation of the moon, but happens fometimes
fooner,
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fooner, and fometimes later, than if the moon alone
atted on the fea. This proceeds from the action of
the fun, which brings on high water fooner when
the fun alone would produce a tide earlier than the
moon, as the fun manifeftly would in the firft and
third quarter; and retards the time of high water a
little, when the fun alone would produce a tide later
than the moon, as in the fecond and laft quarters.
The different diftances of the moon from the earth,
produce likewife a fenfible variation in the tides.
When the moon approaches the earth, her attion on
every part increafes, and the differences of that adtion,
on which the tides depend, increafe. For her aflion
increafes as the fquares of the diftances decreale
and tho’ the differences of the diftances themfelves
be equal, yet there is a greater difproportion betwixt
the {quares of lefs than the fquares of greater quan-
tities. As for example 3 exceeds 2 as much as 2
exceeds 1, but the fquare of 2 is quadruple of the
fquare of 1, while the fquare of 3 (wiz. 9.) 1s little
more than double the fquare of 2 (viz. 4.) Thusic
appears, that, by the moon’s approach, her action
on the neareft parts increafes more quickly than her
attion on the remote parts, and the tides, therefore,
increafe in a higher proportion as the diftances of the
moon decreafe. Our author fhews that the rides in-
creafe in proportion as the cubes of the diftances de-
creafe, fo that the moon at half her prefent diftance
would produce a tide eight times greater. The
moon defcribes an ellipfe about the earth, and in her
neareft diftance produces a tide fenfibly greater than
at her greateit diftance from the earth : and henceit
1s that two great fpring tides never fucceed each other
immediately ; for, if the moon be at her neareft
diftance from the earth at the change, the muit be
at her greateft diftance at the full, having, in the
intervening time, finithed half a revolution ; hand

there-
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therefore the fpring tide then will be much lefs than
the tide at the change was: and for the fame reafon,
if a great {pring tide happen at the time of full
moon, the ude at the enfuing change will be lefs.

1t is manifeft, that if either the fun or moon was
in the pole, they could have no effect on the tides ;
for their ation would raife all the water at the equa-
tor to the fame height ; and any place of the earth,
in defcribing its parallel to the equator, would not
meet, in its courfe, with any part of the water more
elevated than another ; fo that there could be no tide
in any place. The effect of the fun or moon is
greatelt when 1n the equator : for then the axis of
the fpheroida! figure, arifing from their action,
moves in the greareft circle, and the water i1s put
into the greateft agitation ; and hence it 1s, that the
{pring tides produced when the fun and moon are
both in the equator, are the greatelt of any, and
the neap tides are the leaft of any, about that time.
But the tides produced when the fun is in either of
the tropics, and the moon in either of her quarters,
are greater than thofe produced when the fun is in
the equator, and the moon in her quarters ; becaufe,
in the firft cafe, the moon is in the equator ; and, in
the latter cafe, the moon is in one of the tropics:
and the tide depends more on the action of the moon
than that of the fun, and js therefore greateft when
the moon’s action is greateft. However, becaufe
the fun is nearer the earth in winter than in fummer,
hence it is, that the greateft fpring tides are after
the autumnal and before the vernal equinox.

When the moon declines from the equator towards
either pole, one of the greateft elevations of the
water follows the moon, and defcribes nearly the

parallel on the earth’s furface which is under thae
which
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which the moon, becaufe of the diurnal motion,
feems to defcribe : and the oppolite greateft eleva-
tion, being Antipodes to that, mult defcribe a paral-
lel as far on the other fide of the equator: fo that
‘while the one moves on the north fide of the equa-
tor, the other moves on the fouth fide of it, at the
fame diftance. Now the greateft elevation which
moves on the fame fide of the equator, with any
place will come nearer to it than the oppofite ele-
vation, which moves in a parallel on the other fide
of ‘the equator ; and therefore, if a place is on the
fame fide of the equator with the moon, the day
tide, or that which is produced while the moon is
above the horizon of the place, will exceed the night
tide, or that which is produced while the moon is
under the horizon of theplace. It is the contrary if
the moon is on one fide and the place on the other
fide of the equator ; for then the elevation which is
oppofite to the moon, moves on the fame fide of the
equator with the place, and therefore will come
nearer to it than the other elevation. This diffe-
rence will be greatt:ﬁ when the fun and moon both
defcribe the tropics ; becaufe the two elevations in
that cafe defcribe the oppofite tropics, which are the
fartheft from each other of any two parallel circles
they can deferibe.  Thus it is found, by obferva-
tion, that the evening tides in the fummer exceed
the morning tides, and the morning tides in winter
exceed the evening tides. The difference is found
at Briftol to amount to fifteen inches, at Plymouth to
one foot, It would be ftill greater, but that a fluid
always retains an imprefled motion for fome time ;
fo that the preceding tides affect always thofe that
follow them *,
The
¥ See Fig. 71. (from Sir §aac Newvtan) in which the fphe-
yoid P a p E reprefents the earth, », g, the poles, 4 the equa-
tor,
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The phznomena of particular places agree with
thefe general obfervations, if the fituation and extent
of the feas and fhores, in which they are fituated,
are confidered. It has been always known that the
tides follow the motion of the moon, rifing twice in
one revolution of the moon to the meridian of any
place; which exceeds a folar day by above 2 of an
hour, becaufe the proper motion of the moon rerards
fo much her appulfe to the meridian of the place.
All the effe@s of the fun’s action, fometimes pro-
moting, fometimes abating the effects of the attion
of the moon, as before mentioned, are alfo con-
formable to perpetual obfervation : and the tides in
places that lie on a decp and open ocean, where the
water can eally follow the influences of the fun angd
moon, are agreeable to this theory,

That the tides may have their full motion, the
ocean in which they are produced ought to be ex-
tended from eaft to welt go®, or a quarter of a
circle of the earth, at leaft. Becaufe the places,

tor, ¥ any place not in the equator, ¥ £ its parallel, p 4 a pa-
rallel on the other fide of the equator, » the moon’s place
three hours before, u the place of the earth to which 1. is ver-
tical, and 5 the oppofite place, x, 4, places go° diftant from
thefe. Then will ¢ u, ¢/, meafure the greateft elevations of
the water, and ck, c &, theleaft. cF, ¢/ ¢, cd, will be
the elevations at ¥, f, p, 4. Andif n M is a circle of the fphes«
yoid, meeting the equator and thefe parallels ins, ®, T, cn
will be the elevation of the water at s, r, T, or any other
places in the circle n m. The higheft tides at any place ¥,
happen at ¥ and £, three hours afier the moon’s paffing the me-
ridian, above or below the horizon ; and the loweit at q_three
hours after her {etting or rifing. And if r and L are on the
fame fide of the equator, the day tide will rife higher than the
night tide, ¢ r being greater than ¢ /. *Tis the contrary, when
the moon's declination and the laticude of a place p are of op-
pofite denominations, the one north and the other fouth ; becaunfe
then ¢ p is greater than cd.

where
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where the moon raifes moft, and moft deprefles, the
water, are at that diftance from each other. Hence
it appears, that it is only in the great oceans that
fuch tides can be produced 3 and why in the larger
pacific ocean they exceed thofe in the Atlantic ocean.
Hence allo, it 1s obvious why the tides are not fo
great in the torrid zone, between Af7ica and Ame-
rica, where the ocean is parrower, as in the tempe-
rate zones on either fide; and, from this alfo, we
may underftand why the tides are fo fmall in iflands
that are very far diftant from the fhores, Itis ma-
nifeft, that, in the Atlantic ocean, the water cannot
rife on one fhore but by defcending on the other; fo
that, at the intermediate diftant iflands, it muft con-
tinue at about a mean height betwixt its elevation on
the one and on the other fhore,

As the tides pafs over fhoals, and run through
ftraits into bays of the fea, their motion becomes
more various, and their height depends on a great
many circumfitances, The tide that is produced on
the weftern coalts of Europe, in the Atlantic, cor-
refponds to the fituation of the moon we defcribed
above, Thus it is high water on the coalfts of Spain,
Portugal, and the welt of freland, about the third
hour after the moon has paffed the meridian. From
thence it flows into the adjacent channels, as it finds
the eafielt pafiage. One current from it, for ex-
ample, runs up by the fouth of England, another
comes in by the north of Sestland: they take a con-
fiderable time to move all this way, and it is high
water fooner in the places to which they firft come ;
and it begins to fall at thofe places, while they are
yet going on to others that are farther in their courfe.
As they return, they are not able to raife the tide,
becaufe the water runs fafter off than it returns, tll,
by anew tide propagated from the open ocean, the

2 refurn
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return of the current is ftop’d, and the water be-
oins to rife again. The tide takes twelve hours to
come from the ocean to London-bridge, fo that, when
it is high water there, a new tide is already come to
1ts he:ght in the ocean; and, in fome intermediate
place, it muft be low water at the fame time. In
channels, thereﬁ:-re, and narrow feas, the progrefs of
the tides may be, in fome refpeéts, compared to the
motion of the waves of the fea, Our author alfo
obferves, that when the tide runs over fthoals, and
flows upon flat fhores, the water is raifed to a greater
height than in the open and dcep oceans that have
fteep banks ; becaufe the force of its motion cannot
be broke, upon thefe level fhores, till the water rifes
to a greater height.

If a place communicates with two oceans, (or
two different ways with the fame ocean, one of which
is a readier and eafier paflage) two tides may arrive
at that place in different times, which, interfering
with each other, may produce a great variety of
phznomena. - An extraordinary initance of this kind
1s mentioned by our author at Bat/ba, a port in the
kingdom of 7 ung uin in the Eaft Indies, of northern
latitude 20° 50. The day in which the moon
pafies the equator, the water ftagnates there without
any motion: as the moon removes from the equator,
the water begins to rife and fall once a day ; and it
is high water at the fetting of the moon, and low
water at her riling. This daily tide increafes for
about feven or eight days, and then decreafes for as
many days by the fame degrees, till this motion
ccafes when the moon has returned to the equator,
When fhe has pafled the equator, and declines
towards the fouth pole, the water rifes and falls
again, as before 3 but ’tis high water now at the

rifipg, and low water at the fetting, of the moon.
Our
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Our author, to account for this extranrdmarjr tide,
confiders that there are two inlets to this port of
Batfba, one from the Chinefe ocean betwixt the con-
tinent and the Manillas, the other from the Jndian
ocean betwixt the continent and Bornes. This leads
him to propofe, as a folution of the ph@nomenon,
that a ude may arrive at Bat/ba, through one of thefe
inlets, at the third hour of the moon, and another
through the other inlet fix hours after, at the ninth
hour of the moon. For, while thefe tides are equal,
the one flowing in as the other ebbs out, the water
muft ftagnate : now they are equal when the moon
15 in the equator 3 but as {foon as the moon begins to
decline on the fame fide of the equator with Bat/ba,
we have thewed that the diurnal tide muft exceed
the notturnal, fo that two greater and two leffer
tides muft arrive at Batfba by turns. The difference
of thefe will produce an agitation of the water,
which will rife to its greateft height at the mean time
betwixt the two greateft tides, and fall loweft at a
mean time betwixt the two leaft tides; fo thar it
will be high water about the fixth hour at the fetting
of the moon, and low water at her rifing. When
the moon has got to the other fide of the equator,
the noturnal tide will exceed the diurnal ; and there-
fore, the high water will be at the rifing, and low
water at the fetting, of the moon. The fame prin-
ciples will ferve to account for other extraordimary
tides, which, we are told, are obferved in places
whofe fituation expofes them to fuch irregularities,

QOur author does not content him{If with thefe
general obfervations, but calculates the effefts of the
fun and moon upon the tides, from their attractive
powers, The augmentation of the gravity of the
lateral parts of the earth, produced by the attion

of
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of the fun, is a fimilar effe® to an augmentation,
eftimared by him before, that is made to the gravity
of the moon towards the earth by the fame ation,
when the moon is in the quarters ; only the addition
made to the gravity of the lateral parts is * about
6oL times lefs, becaufe their diftance from the earth’s
centre is fo many times lels than the diftance of the
moon from it. The gravity of thofe parts of the
earth that are direCtly beneath the fun, and of thofe
oppofite to it, is diminithed by a double quantity of
whart is added to the lateral parts ; and as the dimi-
“nution of gravity of the one, and avgmentation of
the gravity of the other, confpire together in raifing
the water under the fun, and the parts oppofite to it,
above its height in the lateral parts ; the whole force
that produces this effe is to be confidered as triple
of what is added to the gravity of the lateral parts:
and is thence found to be to the gravity of the par-
ticles as 1 to 12868200, and to the centrifugal force
at the equator as 1 toa4527. The elevation of the
waters, by this force, is confidered by our author as
an effe fimilar to the elevation of the equatorial
parts above the polar parts of the earth, arifing from
the centrifugal force at the equator; and, being
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44527 times lefs, is found to be 1 foot and 114, .

inches, Pearis meafure. This is the elevation arifing
. from the ation of the fun upon the water.

In order to find the force of the moon upon the
water, he compares the fpring tides at the mouth of
the river Avon below Briffol (which are the effeét of
the fum of the forces of the {un and moon when
their actions almoft conipire together,) with the neap
tides there (which are the effect of the difference of
thefe forces when they at almoft againft one ano-

* Princip. Lib. I, Prop. 36.
ther,)
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ther;) and finds their proportion to be that of g to
53 from which, after feveral neceffary corrections,
‘he concludes that the force of the moon is to the
force of the fun, in raifing the waters of the ocean,
as 4,4815 to 1 ; fo that the force of the moon is
“able, of itfelf, to produce an elevation of 8 feet and
7=z Inches, and the fun and moon together may
‘produce an. elevation of about 10 feet, in their
mean diftances from the earth, and an elevation of
about 12 feer when the moon is neareft the earth.
The height to which the water is found to rife, upon
the coafts of the open and deep ocean, is agreeable

enough to this computation.

It is from this laft calculation that he is able to
make an eftimate of the denflity and quantity of
matter in the moon. Her influence on the cides is
the only effect of the moon’s attracting power which
we have accefs to meafure, and it enables us to
eftimate her denfity compared with that of the fun,
which we find it exceeds in the proportion of 4891
to 1000 ; and fince the denfity of the earth is to
that of the fun as 4000 to 1000, it follows that the
moon mult be more denfe than the earth in the pro-
portion of 4891 to 4000, or of 11 to g nearly.
The proportion of the diameter of the earth to that
of the moon is known, from aftronomical obferva-
tions, to be that of 365 to 100 ; and from thele two
proportions it ealily follows, that the quantity of
matter in the moon is to the matter in the earth as
I to 39,788 ; and the centre of gravity of the earth’
and moon mult be, . therefore, almolt 40 times
nearer to the earth than to the moon; and, the fitva-
tion of their centre of gravity being known, the
motions in their {yftem may be determined with
great precifenefs.
€c Oue
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Our author enquires into the figure of the moon:
and, becaufe the earth contains near 40 times more
matter than the moon, the elevation produced by
the action of the earth in the parts of the moon that
are neareft to it, and in the parts oppofite to thefe,
would be near 4o times greater than that which the
moon produces in our feas, if this elevation was not
to be diminifhed in proportion as the femidiameter
of the moon is lefs than the femidiameter of the
earth, thatis, in the proportion of 100 to 365. By
compounding thefe proportions he finds, that the
diameter of the moon that paffes through the centre
of the earth, muft exceed thofe that are perpendi-
cular to it, by about 186 feet. He thinks the folid
parts of the moon muft have been formed into fuch
a fpheroidal figure, having its longeft diameter di-
rected towards the earth ; and this may be the reafon
why the moon always turns the fame fide towards
the earth. 1f there were great feas in the moon,
and if fhe revolved on her axis fo as to turn diffe-
rent fides towards the earth, there would have been
very great tides produced in them, fuch as would
exceed our tides ten times ; but, by her keeping one
fide always towards the earth, there are no tides
produced in her feas, but what proceed from the dif-
terences of their diftances from the earth, and from

the moon’s librations ; for the a&ion of the fun can
have very little effect upon them.

CHaAP
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Cibhde B, V1L
Of the comets,

Itherto we have treated of the planets: but,
befides thefe, we find in the expanie 01!

heaven many other bodies belonging to the {yltem
of the {un, that {feem to have much more icregulae
motions. Thefe are the comers, which, delcending
trom the far diftant parts of the {yftem with great
rapidity, furprize us with the {ingular appearance of
& rain, or tail, which accempanies tliems become
vifible to ws in the lower parts of their orbits, and,
afver a fhort ftay, are carried off again to vaft dif-
tanoes, and difappear. Tho’ fome of the ancients
had more jult notions of them, yet the opinion
having prevailed, that they were only meteors gene-
rated in the airy like to thofe we fee 1n it every night]
and in a few moments vanithing, no care was taken
to obferve or record their pha&znomena accurately,
til of late. Hence this part of aftronomy is very
imperfect. The number of the comets is far from
being known : many have been noted by hiftorians
formerly, and not a few of late obferved by aitro-
nomers ; and fome have been difcovered accidental-
ly by telefcopes, paffing by us, that never became
vifible to the naked eye: fo that we may conclude
their number to be very great. Their periods, mag-
nitudes, and the dimenflians of their orbits, are alfo
uncertain, ‘This is a part of {cience, the perfection
of which may be referved for fomz= diitant age, when
thefe numerous bodies, and their vaft orbits, by long
and accurate obfervation, may be added to the
known parts of the folar fyltem. Aftronomy will
appear as a new fcience, after all the difcoveries we
£ Cg now
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now boait of: but then it will be remembred, even
in thofe flourithing days of aftronomy, that it was
Sir Ifaac Newton who difcovered and demonflrated
the principles by which alone fuch great improve-
ments could be made; and that he begun and car-
ried this work fo far, that he left to pofterity little
more to do, but to obferve the heavens, and com-
pute after his models.

Having this part of aftronomy to deduce almoft
from its elements, he begins with fhewing, againft
the fcholaftic philofophers, that the comets are above
the moon ; becaule they participate of the apparent
diurnal motion, rifing and fetting daily, as all things
- that are not appendant to the earth do, and that
without any fenfible diurnal parallax. But, as they
are all affeCted by the annual motion of the earth,
appearing, like the planets, fometimes direct, fome-
times retrogracle, he concludes that, when they be-
come vifible to us, they muft be in the regions of
the planets,  As they are all affeted by the motion
of the earth, and it is impofiible to bring their mo-
ticns to any regularity without allowing that mo-
tion; and it, alone, {uffices for explaining the irre-
gularities of every comet, as well as of every pla-
net ;3 we obtain from this 2 new confirmation of the
motion of the earth, and find all the parts of this
philofophy perfectly confiftent.

Our author having fhewed that the comets de-
{cend into the planetary regions when they are vifi-
ble to us, againft the opinion of Des Cartes, he pro-
ceeds to trace them in their courfes. It follows,
from the general law of gravity already eftablithed,
“that they muft move either in parabolic, or very ex-
centric elliptical, orbits, that have one focus in the
centre of the fun, He then enquires, with his ufual

{kill
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ikill and a great deal of labour, how a motion in a
parabola may agree wich the obfervations that have
been made upon the comets; and, for this end,
fhews how, from three obfervations, the parabolic
trajectory which a comet defcribes may be deter-
mined : and, from feveral examples which he has
given, there appears fo perfett a harmony between
his theory and the obfervations, as adds a new evi-
dence to it, and fhews its ufe in carrying on the
knowledge of our fyftem.

He infifts particularly on the celebrated comet
that appeared near the end of the year 1680, and in
the beginning of 1681. He determines its trajec-
tory, or curve, from three obfervations made by
Mr. Flamfleed; and then compares all the obferva-
tions, that were made by himfelf or others, with
the motion of a body in that curve, and finds the
differences betwixt the obferved places of this comet
and thofe computed for it in the curve, for the fame
time, to be very fmall. It was the lame comet that
was feen in November 1680, and in December, Fanua-
7y, February and Mairch following, tho’ they had
been generally efteemed two different comets. In
November it was delcending towards the fung it
paffed very near the fun on the 12th day of Decem-
ber ; where, having been heated to a prodigious de-
gree, tho’the light of the head or nuclens was duiler,
yet, while it afcended in the other half of its orbit,
its tail was valtly greater than before, extending
{fometimes 79° in length, and continuing vifible even
after the head or nucleus was carried out of fight,

Dr. Halley, to whom every part of aftronomy,
but this in a particular manner, is highly indecbted,
has joined his labours to our author’s on this fubject
nor is it neceflary for us to feparate them. Finding

Lic:2 three
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three obfervations of comets recorded in hiftory,
agrecing with this in remarkable circumftances, and
returning at the diftance of 575 years from each
other, he fufpected that thefe might be one and the
{ame comert, rem]vmg in that period about the fun.
He therefore fuppofed the parabola to be changed
into fuch an excentric ¢/lipfe as the comet might de-
feribe in 675 years, and ‘as fhould nearly coincide
with the parabola in its loweit part; and, having
computed the places of the comet in this elliptic or-
bit, he found them to agree fo well with thofe in
which the comet was obferved to pafs, that the varia-
tions did not exceed the differences which are found
betwixt the computed and the obferved places of the
planets, whofe motions had been- the fubject of aftro-
nemical calculation for fome thoufand years. This
comet may, therefore, be expected again after finith-
ing the fame period, about the year 2255. If it
then return, it will give a new luftre and evidence
to Sir Ifaac New:ow’s philofophy, in that diftant age.
And fhould the inconftancy of human affairs, and
the perpetual revolutions to which they are fubject,
cccafion any neglect of our philofophy in the inter-
vening ages; this comet will revive it, and fill every
mouth again with this great man’s name. Nor need
this be efteemed a vain predition ; for we cannot
but fuppofe that the attention of the aftronomers of
thofe days, to this comet muft be raifed to a great
pitch, becaufe in one part of its orbit it approaches
very near to the orbit of our earth 3 {o that, in fome
revolutions, it may approach near enough to have
very confiderable, if not fatal, effefts upon it. Nor
1s it to be doubted but that, while fo many comets
pafs among the orbits of the planets, and carry fuch
immenfe tails along with them, we fhould have been
called, by very extraordinary confe quences, to attend
to thefe bodies lc.-nn age, it the motions in the uni-

V'Iir:
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verfe had not been at firft defigned, and produced,
by a Being of fufficient fkill to forefee their moft
diftant confequences. Our earth was out of the way
when this comet laft paffed near her orbit; but it
requires a perfeét knowledge of the motion of the
comet, to be able to judge if it will always pafs by
us with fo little effet. We may here obferve, that
thefe great periods, and diftant dependmg obferva-
tions, promife this good effect, that they muft con-
tribute to preferve the relith for learning from the
revolutions it has been formerly fubjeét to. By
them, diftant ages are connected together, and per-
petual matter for reviving the curiofity of men is
provided, from time to time.

But we are not to wait for the return of this dif-
tant comet to have our author’s theory verified, and
to fee predictions of this kind begin to take place,
By comparing together the orbits of the comets that
appeared in 1607 and 1682, they are found fo co-
incident, that we cannot but fuppt}fe them to be one
and the {ame comet, revolving in' 75 years about
the fun., If this comet, accnrdmg to this period,
return in 1758, altronomy will then have fomething
new to boait of. It {eems to be of thofz that rife to
the leaft height from the fun, its greateft diftance
being only 35 times greater than the diflance of the
earth from the fun ; fo that, at the fartheft, it does
not run out four times farther from us than Sarurs,
It will probably be the firft that will be added to the
number of the revolving planets, and eftablith this
part of our author’s theory.

Befides thefe comets we have mentioned, our au-
thor has confidered the motions of feveral others,
and finds his theory always confonant with obferva-
tion. He particalarly computes the places ot a re-

4 markable
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markable comet that appeared in 1664 and 1665.
It moved over 20° in one day, and defcribed almoft
{ix figns in the heavens before it d:fappeared, its
courfe deviated from a great circle, towards the
north, and its motion, that had been before retro-
grade, became dire& towards the end : and, not-
withftanding fo unufual a courfe, its places, com-
puted from. our author’s theory, agree with the ob-

ferved places, as well as thole of the plapets agree
with their theory,

The phanomena of all the comets, but efpecially
of the comet of 1680, thew them to be folid, fixed
and durable bodies. This comet was, in its peri-
belium, 166 times nearer to the {fun than our earth
is: and, from this, our author computes that it
muft have conceived a hedt 2000 times greater than
that of iron almoft going into fufion, and that, if
it was equal to our earth, and cooled in the fame
maaner as terreftrial badles, it would take 50,000
years to cool : to bear {o prodigious a heat, 1t muft
furely be a very folid and fixed body.

There is a phmnnmennn that attends each comet,
and 1s pecublar to them, called its 24/ : fome have
imputed this appearance to the refraction of the fun-
beams, pafling through the nucleus or head, which
they fuppaﬁ:d to be tranfpar&nl: : others, to the re-
frattion of the beams refleCted from the head, as
they pafs through the intermediate {paces to us. Our
author refutes both thefe opinidns, and fhews that
the tail confifts of a vapour arifing continually from
the body of the comet, towards thofe parts that are
oppolite to the fun, for a like reafon that vapour or
imoke rifes in the atmofphere of the earth, Becaufe
of the motion of the body of the comet, the tail is
bent a little towards thofe parts winch the comet

3 ’  leaves
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leaves in its motion, T'hefe tails are found greateft
after it has paffed its perihelium, or leaft diftance
from the fun, where its heat is greateft, and the at-
mofphere of the fun is moft denfe. The head ap-
pears, after this, obfcured by the thick vapour that
rifes plentifully from it, The tail of the comet of
1680 was of a prodigious fize : it was extended from
the head to a diftance fcarcely inferior to the valt
diftance of the fun from the earth. As the matter
of the tail participates of the motion of the comet,
it is thereby carried along with the comet in its mo-
tion, and fome part of it returns again with it: and
as the matter in the tail rifes, it becomes more and
more rarified 3 as appears from the tail’s increafing
in breadth upwards. By this rarefation a great part
of the tail muft be dilated and diffufed over the
fyftem; fome of this, by its gravity, may fall
towards the planets, mix with their atmofpheres,
and {upply the fluids, which, in natural operations,
are confumed ; and may, perhaps, fupply that fubtile
{pirit in our air, which is neceflary for the life of ani-
mals, and for other natural operations.

We are not to expect that the motions of the
comets can be fo exact, and the periods of their re-
volutions {o equal, as thole of the planets; confi-
dering their great number, and their great diftance
from the fun in their aphelia, where their attions
upon each other mult have fome effet to difturb
their motions. The refiftance which they meet with
in the atmolphere of the fun, when they defcend into
the lawer parts of their orbits, will alfo affect them.
By the retardation of their motion in thefe lower
parts, their gravity will be enabled to bring them
nearer the fun in every révolution, till at length they
fall into him, and fupply fewel to that immenfe body
of fire. The comet of 1680 paffed at a diftance

from
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from the furface of the fun, no greater than the 6th
part of his diameter 5 it will approach ftill nearer in
the next revolution, and fall into his body at length.
The fixed ftars may receive fupplies, in the fame
manner, by comets falling into them ; and fome of
them, whofe light and heat are almoft exhaufted,
may receive new fewel in this way, Of this kind
thofe ftars feem to be, which have been obferved to
break out at once with great fplendor, and to vanith
gradually afterwards.  Such was the ftar in Caffispeia,
that was not vifible on the 8th of Nevember 1572,
but fhone the following night with a brightnefs al-
moft equal to that of the planet Penus, and decreafed
continually afterwards, nll in 16 months time it
vanithed. Another of the fame kind appeared to
Kepler’s {cholars in the right foot of Serpentarius, on
the goth of September 1604, brighter than Fupizer,
tho’ it was not vifible the preceding night 3 which
alfo decreafed gradually, and vanithed in ﬁftccn or
fixteen months. By fuch a new ftar appearing with
an extraordinary brightnefs in the heavens, Hip-
parchus is faid to have been induced to make his
catalogue of the fixed ftars. But thofe ftars which
appear and difappear, gradually increafing and de-
crealing by turns, feem to be of a different kind ;
and to have a luminous and an obfcure fide, wiuch
by their rotation on their axis, they turn towards us
alternately.

The argument againit the eternity of the univerfe,
drawn from the decay of the fun, {lill fubfifts; and
even acquires a new force from this theory of the
comets : fince the fupply which they afford muft
have been long ago exhaufted, if the world had
exifted from ftfrmw ‘The matter in the comets
themfelves, that ﬁlpp]ieq the vapour which rifes from
them in every revolution to the perihelium, and

forms
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forms their tails, muft alfo have been exhaufted long
ere now, In general, all quantities that muft be
{fuppofed to decreafe or increale continually, are re-
pugnant to the eternity of the world ; fince the firft
had been exhaufted, and the laft had grown into an
infinite magnitude, at this time, if the world had
been from eternity : and of both kinds there feem to
be feveral forts of quantities in the univerfe,

The defcent of the comets into the planetary re-
oions fhews that the folid orbs, in which the planets
were fuppofed, by the fchoolmen, to move, are
imaginary. And the regularity of their motions,
while they are carried in very excentric orbs, in all
directions, into all parts of the heavens, confpire
with many other arguments to overthrow the Carze-
fian vortices, '

Sir Ifaac Newton further obferves, that while the
comets move in all parts of the heavens, with diffe-
rent directions, and in very excentric orbits, whofe
planes are inclined to one another in large angles ;
it cannot be attributed to blind fate that the planets
move round the fun, and the fatellites round their
refpective primaries, all with one direction, in orbits
nearly circular, and almoft in the fame plane, The
comets, by moving 1n very excentric orbits, defcend
with a vaft velocity, and are carried quickly thro’ the
planetary regions, where they approach the neareft
to each other, and to the planets, fo as to have as
little time as poffible to ditturb their own motions,
or thofe of the planets. By their moving in very
different planes, they are carried to a vaft diftance
from each other in the higheft parts of their orbits,
or aphelia ; where, becaufe of the flownefs of their
motions, and the weaknefs of the fun’s action at fo
orcat diftances, their mutval altions, but for this

' precau-
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precaution, would produce the greateft diforders,
Thus we always find, that what has, at firft fight,
the appearance of irregularity and confufion in na-
ture, is difcovered, on further enquiry, to be the
beft contrivance and the moft wife conduét.

Sir Ifaac Newton proceeds to make fome reflec-
tions on the nature of the {fupreme caufe, and infers,
from the ftructure of the vifible world, that it is go-
verned by One Almighty, and All-wife Being, who
rules the world, not as its Sox/ but as its Lerd, exer-
cifing an abfolute fovereignty over the univerfe, not
as over his own body but as over his work ; and act-
ing in it according to his pleafure, without fuffering
any thing from it, 'What he has delivered concern-
ing the Deity will be further explained in the next
chapter. '

CHCA P I8

Of the Supreme Author and Governor of the univer/z,
the True and Living God,

1. JRISTOTLE concludes his treatife de munda,
with obferving, that ¢ to treat of the world
without faying any thing of its Author would be im-
pious;’” as there is nothing we meet with more fre-
quently and conftantly in nature, than the traces of
an All-governing Deity. And the philofopher who
overlooks thefe, contenting himfelf with the appear-
ances of the material univerfe only, and the mecha-
nical laws of motion, negle€ts what 1s moft excel-
lent ; and prefers what is imperfeét to what is fu-
premely perfect, finitude to infinity, what is narrow
and weak to what is unlimited and almighty, and
what is perifhing to what endures for ever. Such
| who
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who attend not to fo manifeft indications of fupreme
wifdom and goodnefs, perpetually appearing before
them wherever they turn their views or enquiries,
too much refemble thofe antient philofophers who
made night, matter, and chaos, the original of all
things.

2. As we have neither ideas nor words fufficient
to defcribe the firlt caufe, fo Ariffetle, in the con-
clufion of the above mentioned treatife, is obliged to
content himfelf with comparing him with what is
chief and mott excellent, in every kind *. Thus
we fay he is the king or lord of all things, the pa-
rent of all his creatures, the foul of the world, or
great fpirit that animates the whole. Such expref-
fions, tha’ well meant at firlt, were fometimes
abufed afterwards; particularly, that of his being
the anima mundi, which was apt to reprefent him not
only as the aftive and felf-moving principle, but
likewife as paffive and fuffering from the attions and
motions of bodies. The abftrufe nature of the fub-
je&t gave occafion to the later Platonifts, particularly
to Plotinus, to introduce the moft myftical and un-
intelligible notions concerning the Deity and the
worfhip we owe to him; as when he tells us that
intellect or underftanding is not to be afcribed to the
Deity, and that our moft perfect worfhip of him
confifts, not in aéts of veneration, reverence, grati-
tude or love; but in a certain myfterious felf-anni-
hilation, or total extin€tion of all our faculties.
Thefe dottrines, however abfurd, have had- follow-
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ers; who, in this as in other cafes, by aiming too
high, far beyond their reach, overftrain their facul-
ties, and fall into folly or madnefs ; conwibuting,
as much as lies in them, to bring true piety and de-
votion into contempt.

Neither are they to be commended, who, un-
der the pretence of magnifying the effeatial power
of the fupreme caufe, make truth and falthood en-~
tirely to depend on his will ; as we obferved of Des
Cartes, Book I. Chap. 4. Such tenets have a direct
tendency to introduce the abfurd opinion, that in-
telle€tual faculties may be fo made, as clearly and
diftinétly to perceive that to be true, which is really
falfe. They judge much better, who, without
fcruple, meafure the divine omnipotence itfelf, and
the puiﬁbﬂ;ty of things, by their own clear ideas
concerning them s affirming that God. himfelf can-
not make contradictions to bf: true at the {ame time
and reprefent the certain part of our knowledge, in
fome degree, as the knowledge and wifdom of the
Deity imparted to us, in the views of nature which
he has laid before us,

4. The fublimity of the fubjeét is apt to exalt and
tranfport the minds of men, beyond what their fa-
culties can always bear : therefore, to fupport them,
allegorical and enigmatical reprefentations have been
invented, which in procefs of time have produced
the greateft abufes. W hen metaphorical figures and
names came to be confidered as realities; in place of
the true God, falfe deities were fubftituted without
number, and, under the pretence of devotion, a
worlhip was paid to the molt deteftable charalters,
that tended to extinguifh the n{}tmns of true worth
and virtue among(t men.

5.
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5. As there are no enquiries of a more arduous
nature than thofe that relate to the Deity, or of near
fo great importance to intellectual beings, that dif-
cern betwixt truth and falthood, betwixt right and
wrong ; fo it is manifelt, that there are none In
which the utmoft caution and fobernefs of thought
is more requifite. Hence it is a very unpleafant
profpect to obferve with how great freedom, or ra-
ther licentioufnefs, philofophers have advanced their
rafh and crude notions concerning his nature and ef-
fence, his liberty and other attributes. 'What free-
doms were taken by Des Cartes in defcribing the
formation of the univerfe without his interpofition,
and in pretending to deduce from his attributes con-
fequences that are now known to be falfe, we ex-
plained in the firlt book, almoft in his own words.
A manner of proceeding fo unjuitifiable, in fo ferious
and important a fubject, ought, one would think,
to have difgufted the fober and wife part of mankind.
Spinoza, while he carried the doctrine of abfolute
neceflity to the moft monftrous height, and fur-
pafled all others in the weaknefs of his proofs as well -
as the impiety of his dotrines, yet affeéts to fpeak,
on feveral occafions, in the higheft terms of venera-
tion for the Dewty. Mr. Leibnitz and many of his
dilciples have likewife maintained the fame doctrine
of abfolute neceflity, extending it to the Deiry him-
felf, of whom our ideas are fo inadequate, and
whom it fo much concerns us not to mifreprefent.
But Sir Jfaac Newton was eminently diftinguifhed
for his caution and circumfpeflion, in fpeaking or
treating of this fubjedt, in difcourfe as well as in his
writings ; tho’ he has not efcaped the reproaches of
his adverfaries even in this refpect.  As the Deity is
the fupreme and firft caufe, from whom all other
caufes derive their whole force and energy, fo he

thought
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thought it moft unaccountable to exclude Him only
out of the univerfe. It appeared to him much more
juft and reafonable, to fuppofe that the whole chain
of caufes, or the feveral feries of them, thould cen-
tre in him as their fource and fbuntam and the
whole fyftem aprpcar depending upon hlm the nniy
independent caufe

¥

6. The plain argument for the exiftence of the
Deity, obvious to all and carrying irrefiftible con-
vition with it, is from the evident contrivance and
fitnefs of things for one another, which we meet
with throughout all parts of the univerfe. Thereis
no need of nice or fubtle reafonings in this matter :
a manifeft contrivance immediately {uggefts a con-

“triver. It ftrikes us like a fenfation; and artful
reafonings againft it may puzzle us, but it is with-
out fhaking our belief. No pﬁ-rfnn for example,
that knows the principles of optics and the ftructure
of the eye, can believe that it was formed without
fkill in that fcience ; or that the ear was formed with-
out the knﬂwledge of founds; or that the male and
female in animals were not formed for each other,
and for continuing the fpecies. All our accounts of
nature are full of inftances of this kind. The ad-
mirable and beautiful ftruture of things for final
caufes, exalt our idea of the Contriver : the unity of
defign thews him to be Oze. The great motions in
the fyftem, performed with the fame facility as the
leaft, fuggelt bis Almighty Power, which gave mo-
tion to the earth and the celeftial bodies, with equal
eafe as to the minuteft particles, The fubtility of
the motions and actions in the internal parts of bo-
dies, thews that his influence penetrates the inmoft
receffes of things, and that He is equally affive and
 prefent every where.  The fimplicity of the laws

that prevail in the world, the excellent difpofition
of
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of things, in order to obtain the beft ends, and the
beauty which adorns the works of nature, far fupe-
rior to any thing in art, fuggelt his confummate
Wifdom. The ulefolnefs of the whole fcheme, fo
well contrived for the intelligent beings that enjoy
it, with the internal difpofition and moral ftructure
of thofe beings themfclves, fhew his unbounded
Goodnefs. Thefe are the arguments which are {uffi-
ciently open to the views and capacities of the un-
learned, while at the fame time they acquire new
ftrength and luftre from the difcoveries of the learned.
The Deity’s ating and interpofing in the univerfe,
fhew that he governs it as well as formed it, and the
depth of his counfels, even in conduéting the mate-
-rial univerfe, of which a great part furpaflfes our
knowledge, keep up an inward veneration and awe
of this great Being, and difpofe us to receive what
-may be otherwife revealed to us concerning him, It
has been juftly obferved, that fome of the laws of
nature, now known to us, muft have efcapad us if
we had wanted the fenfe of feeing., It may be in his
power to beftow upon us other fenfes of which we
have at prefent no idea; without which it may be
impoffible for us to know all his works, or to have
more adequate ideas of himfelf. In our prefent ftate,
we know enough to be fatisfied of our depend-ncy
upon him, and of the duty we owe to him the lord
and difpofer of all things. Feis not the objet of

" fenfe 3 his eflence, and indeed that of all ocher fub-
ftances, is beyond the reach of all our difcoveries
but his ateributes clearly appear in his admirable
works. - We know that the highelt conceptions we
are able to form of them are {till beneath his real per-
fections ; but his power and dominion over us, and
our duty towards him, are manifeft.

7. Sir Ifaac Newton is pﬁrticuiarly careful, always
to reprefent him as a free agent ; being jultly appre-
Dd henfive
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henfive-of the dangerous confequences of that doc-
trine which introduces a fatal or abfolute neceffity
prefiding over all things. He made the world, not
from any neceffity determining him, but when he
thought fit : matter is not infinite or neceffary, but
he created as much of it as he thought proper: he
placed the fyftems of the fixed ftars at various dif-
tances from each other, at his pleafure: in the folar
fyftem, he formed the planets of fuch a number,
and difpnfed them at various diftances from the fun,
as he pleafed : he has made them all move from weft
to eaft, tho’ it is evident from the motions of the
comets, that he might have made them move from
eaft to weft. In thefe and other inftances, we plain-
ly perceive the vefliges of a wife agent, but aéting
frecly and with perfect liberty.,

As caution was a diftinguithing part of Sir Ifzac
Newion’s character, but no way derogatory from his
penetration and the acutenefs and fublimity of his
genius 3 fo we have particular reafon on this occafion
to applaud it, and to own that his &)hﬂﬂfophy has
proved always {ubfervient to the moft valuable pur-
poles, without ever tending to hurt them,

8. As in treating of this unfathomable fubje&t we
are at a lofs for ideas and words, in any tolerable de-
“gree, adequate to it, and, in order to convey our
notions with any ftrength, are obliged to have re-
courfe to figurative expreflions, as was obferved al-
ready 3 {o it is hardly poffible for the moft cautious
to make ufe of fuch as may not be liable to excep-
tions, from angry and captious men.  Sir [faac New-
101, to exprefs his idea of the divine Omuiprefence, had
faid that the Deity perceived whatever pafled in fpace
fully and intimately, as it were in his Senforium. A
clamour was raifed by his adverfaries, as if he meant

that
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that fpace was to the deity what the Senforium is to
our minds. But whoever confliders this expreffion
without prejudice, will allow that it conveys a very
ftrong idea of the intimate prelence of the Deity every
where, and of his perceiving whatever happens in
the ::ﬂmplf:teﬁ manner, without the ufe of any inter-
mediate agents or inftruments, and that Sir [faac made
ufe of it with this view only ; for he very carefully
guards againft our imagining that external objects act
upon the Deity, or that he fuffers any paflion or re-
action from them. It is commonly fuppofed that
the mind is intimately confcious of the impreffions
upon the fenforium, and that it is immediately pre-
{ent there, and there only; and as we muit derive
our ideas of the attributes of God from what we
know of our minds, or of thofe of others, in the
beft manner we can, by leaving out all imperfection
‘and limitation; {o it was hardly poffible to have re-
prefented to us the divine Omniprefence and Omini-
Jeience in a ftronger light, than by this comparifon:
But the fondnefs of philofophers for their favourite
{fyftems, often irritates them againft thofe, who, in
the purfuit of truth, innocently overturn their doc-
trines 3’ and provokes them to catch at any occafion

of finding faulc,

. But the greateft clamour has been raifed againft
Sir Ifaac Newton, by thofe who have imagined that
he reprefented smfinite fpace as an attribute of tche
Deity, and that He is prefent in all parts of fpace by
diffufion. The truth is, no fuch expreflions appear
in his writings : he always thought and fpoke with
more veneration of the divinity than to allow himfelf

fuch hbertics, ©On the contrary, he tells * us that
¢ the

* Arernus eft & infinitus, omnipotens & omnifciens, id eft,
durat ah xterno in ternum, & adelt ab nfinito in infinitum : om=
BLd z nia
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‘< the Deity endures from eternity to eternity, and is
prefent from infinity to infinity 3 but that he is not
eternity or infinity, fpace or duration,” He adds
indeed,  that as the Deity exifts neceffarily, and by
the fame neceflity exifts every where and always, he
conftitutes fpace and duration : but it does not appear
that this expreflion can give any juft ground of com-
plaint 3 for it is faying no more than that fince he is
effentially and neceflarily prefent in all parts of fpace
and duration, thefe of confequence, muft alfo necef-
faniy exift.

10. This idea is fo far from gmng any juft ground
-of complaint, that it accounts for the neceffary exif-
tence of {pace, in a way worthy of the Deity, and
fuggefts the noble improvement we may make of
this doctrine, which lies fo plain and open before us.
Sir Ifaac Newion is fo far from reprefenting the Deity
as prefent m {pace by diffufion (as fome have ad-
vanced very unjuftly) that he exprefly tells us * there
are fucceflive parts in duration, and co-exiftent parts
in fpace. But that neither are found in the foul or
principle of thought which 1s in man; and that far
lefs can they be found in the divine fubftance. As
man is one and the fame in all the periods of his life,
and thro” all the variety of fenfations and paffions to
which he 1s fubjeét; much more muft we allow the
fupreme Deity to be one and the fame in all time, and
nia regit, & omnia cognofcit, quz fiunt aut fieri poffunt. Non
elt mternitas & infinitas, fcd ®=ternus & infinitus ; non elt duratio
& fpanum, {ed durat & adeft. Durat femper, & adeft ubique,

& exillendo femper & ubique, durationem & fpatium conflituit.
Neut. Princip. Scholium Generale, pag. 528.

* Partes d1nrur {uccefliva: in duratm'ﬁ coexiftentes in {patio,
neutrz in perfona hominis {feu principio ejus cogitante ; & multo
minus in fubftantia cogitante Dei. Omnis homo quatenus res
{entiens, eit unus & idem homo durante vitd {ui in omnibus &
fingulis fenfoum organis. Deus elt unus & idem Deus femper &
ubique, #bid.

-

1
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‘in all fpace, free from change and external influence.
He adds, that the Deity is prefent every where, non
per virtutem folam [ed etiam per fubftantiam, fed node
provfus incorporeo, modo nobis penitus ignoto. It is
plain, therefore, that he was far from meaning that
the Deity was prefent every where by the diffufion of
his fubftance, as a body is prefent in {pace by having
its parts diffufed in it. Nor is it furprizing that we
fhould be at a lofs to give a fatisfattory account of
the manner of God’s omniprefence. Our knowledge
of things penetrates not into their fubftance: we per-
ceive only their figure, colour, external furface, and
the effets they have upon us, but no fenfe, or act of
refle¢tion, difcovers to us their fubftance ; and much
lefs is the divine fubftance known to us. As a blind
man knows not colours, and has no idea of the fen-
fation of thofe who fee, fo we have no notion how

the Deity knows and acts.

11, His exiftence and his attributes are, in a fen-
fible and fatisfactory manner, difplayed to us in his
works ; but his effence is unfathomable. From our
exiftence, and that of other contingent beings around
us, we conclude that there is a firff canfe, whofe ex-
iltence muft be neceffary, and independent of any
. other being ; but it is only @ pofferiors that we thus
infer the neceflity of his exiftence, and not in the
fame manner that we deduce the neceflity of an eter-
nal truth in geometry, or the property of a figure
from its eflence: nor is it even with that dire& felf-
evidence which we have for the neceflary exiftence of
fpace. We mention this only to do juftice to Sir
Ifaac Newton’s notion, when he fuggefts that the ne-
ceffary exiftence of fpace is relative to the neceflary
exiftence of the Deity. Philofophers have had al-
ways difputes about infinite fpace and duration ; and
probably their contefts on thefe fubjects will never

Ddj have
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have an end : all we want to reprefent is only, that
what is fo briefly and modeftly advanced by this great
‘man on thofe {ubjeéts, is, at leaft, as rational and
worthy of the Deity, and as well founded in true
philofophy, as any of their {chemes; tho’ it muft be
expecied that the beft account we can form of mat-
ters of fo arduous a nature, will be liable to difficul-
ties and objeftions.  As for thofe who will not allow
fpace to be any thing real, we oblerved above that
the reality of motion, which is known by experience,
argucs the reality of abfolute fpace ; without admit-
ting which, we fhould have nothing but confufion
and contradiftions in natural philofophy. Many
other arguments, particularly thofe drawn from the
axiom, non entis nulla funt atiributa, tor the reality of
fpace, whefe parts are fubjeét to menfuration and va-
rious relations, have been treated of largely by others,

12. We obferved above, that as the Deity is the
firft and fupreme cauft of all things, fo it 1s moft un-
accountable to exclude him out of nature, and repre-
{fent him as an intelligeniia extramundana. On the
contrary, it 1s moft natural to fuppofe him to be the
chief mover throughout the whole univerfe, and
that all other caufes are dependent upon him ; and
conformable to this is the refult of all our enquiries
into nature; where we are always meeting with
powers that furpafs mere mechanifm, or the effeéts of
matter and motion. The laws of nature are con-
ftant and regular, and, for ought we know, all of
them may be refolved into one general and extenfive
power ; but this power itfelf derives its properties
and efficacy, not from mechaniim, but, in a great
meafure, from the immediate influences of the firft
mover. It appears, however, not to have been his
intention, that the prefent ftate of things fhould
condinue for ever without alteration 3 not only from

what
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what paffes in the moral world, but from the phee-
nomena of the material world likewife ; as it is evi-
dent that it could not have continued in its prefent
{tate from eternity.

13. The power of gravity, by which the celeftial
bodies perfevere in their revolutions, penetrates to
the centres of the fun and planets without any dimi-
nution of virtue, and i1s extended to immenfe dif-
tances, decreafing in a regular courfe. Its action is
proportional to the quantity of folid matter in bodies,
and not to their furfaces, as is ufual in mechanical
caufes : this power, therefore, feems to furpafs mere
mechanifm. But, whatever we fay of this power, it
could not pofiibly have produced, at the beginning,
the regular fituation of the orbs and the prefent dif-
pofition of things. Gravity could net have deter-
mined the planets to move from weft to eaft in orbits
nearly circular, almoft in the fame plane ; nor could
this power have projected the comets with all variety
of diretions. If we fuppofe the matter of the
{yftem to be accumulated in the centre by its gra-
vity, no mechanical principles, with the afliftance
of this power of gravity, could feparate the vaf
mafs into fuch parts as the fun and planets, and, af-
ter carrying them into their different diftances, pro-
jet them in their feveral directions, preferving {till
the equality of ation and reattion, or the ftate of
the centre of gravity of the fyltem. Such an ex-
quifite ftructure of things could only arife from the
contrivance and powerful influences of an intelligent,
free, and moft potent agent. The fame powers,
therefore, which at prefent govern the material uni-
verfe, and conduét its various motions, are very dif-
ferent from thofe which were neceflary to have pro-
duced it from nothing, or to have difpofed it in the
admirable form in which it now proceeds.

Ddg4 R
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14. As we cannot but conceive the univerfe, as
depending on the firft caufe and chief mover, whom
it would be abfurd, not to fay impious, to exclude
from acting in it ; fo we have fome hints of the man-
ner in which he operates in nature, from the laws
which we find eftablifhed in it. Tho’ he is the
fource of all efficacy, yet we find that place is left
for fecond caufes to act in fubordination to him;
and mechanifm has its fhare in carrying on the great
fcheme of nature *, The eftablithing the equality
of aclion and reation, even in thofe powers which
feem to furpals mechaniim, and to be more imme-
diately derved from him, feems to be an indication
that thofe powers, while they derive their efficacy
from him, are however, in a certain degree, circum-
fcribed and regulated in their operations by mechani-
cal principles ; and that they are not to be confidered
as mere immediate volitions of his /as they are often
reprefented) but rather as inftruments made by him,
to perform the purpofes for which he intended them.
If, for example, the moft noble phenomena in na-
ture be produced by a rare elaftic wtherial medium,
as Sir Ifaac Newton conjectured, the whole efficacy
of this medium muft be refolved into his power and
will, who is the fupreme caufe, This, however,
does not hinder, but that the fame medium may be
fubjet to the like laws as other elaftic fluids; in its
aftions and vibrations ; and that, if its nature was
better known to us, we might make curious and
ufeful difcoveries concerning its effeéts, from thofe
laws. It is eafy to fee that this conjeture no way
derogates from the government and influences of

* Aoz Tou'.ra % 7Y Bur:rfufur, TO ETE .gurw-.q; % T ¢ .l;‘.'l-!np'ml;
wmraﬁzﬂmc emoTiNey ;,5‘.;;:.;, mrﬂng ar.;.t..:?i.si E‘gm‘w o wxmwmm mﬁ
p;m,q ':"E"fﬁ”” o‘xmrvemg, ToMAES 'E? WORRI NS :rs,g'}-!mi WFTI?\HITE;.
Ariflot. ubi fupra.
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the Deity 3 while it leaves us at liberty to purfue our
enquiries concerning the nature and operations of
fuch a medium. Whereas they who hatlily refolve
thofe powers into immediate volitions of the fupreme
caufe, without admitting any intermediate inftru-
ments, put an end to our enquiries at once; and
deprive us of what is probably the moft fublime part
of philofophy, by reprefenting it as imaginary and
fiCtitious : by which means, as we obferved above *,
they hurt thofe very interefts which they appear fo
fanguine to promote ; for the higher we rife in the
{cale of nature, towards the fupreme caufe, the views
we have from philofophy appear more beautiful and
extenfive, Nor is there any thing extraordinary in
what is here reprefented concerning the manner in
which the Supreme Caufe aéts in the univerfe, by
employing {fubordinate inftruments and agents, which
are allowed to have their proper force and efficacy
for this we know is the cafe in the common courfe
of nature ; where we find gravity, attraction, re-
pulfion, &'e¢. conftantly combined and compounded
with the principles of mechanifm: and we fee no
realon why it thould not likewife take place in the
more fubtile and abftrufe phzenomena and motions of
the {yftem,

15. It has been demonftrated by ingenious men,
that great revolutions have happened in former times
on the furface of the earth, particularly from the
phznomena of the S§trata; which fometimes are
found to lie in a very regular manner, and fome-
times to be broken and feparated from each other to
very confiderable diftances, where they are found
again in the fame order; from the imprefiions of
plants left upon the hardeft bodies dug deep out of

* Book I. Chap. . § 3. ;
i the
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the earth, and in places where fuch plants are not
now found to grow; and from bones of animals
both of the land and fea, difcovered fome hundreds
of yards beneath the prefent furface of the earth,
and at very great diftances from the fea. Some phi-
lofophers explain thefe changes by the revolutions of
comets, or other natural means: but as the Deity
has formed the univerfe dependent upon himfelf, fo
as to require to be altered by him, tho’ at very dif-
tant periods of time; it does not appear to be a
very important queftion to enquire whether thefe
great changes are produced by the intervention of
inftruments, or by the fame immediate influences
which firft gave things their form,

16. We cannot but take notice of one thing, that
appears to have been deligned by the auther of na-
ture : he has made it impoffible for us to have any
communication from this earth with the other great
bodies of the univerfe, in our prefent (tate ; and it
is highly probable, that he has likewife cut off all
communication beiwixt the other planets, and be-
twixt the different {yftems. We are able, by tele-
fcopes, to difcover very plainly mountains, preci-
pices and cavitics in the moon : but who tre:u:l thofe
precipices, or for what purpofes thofe great cavities
(many of which have a little elevation in the mid-
dle) ferve, we know not; and are at a lofs to con-
ceive how this planet, without any atmofphere, va-
pours, or feas, (as is now the common opinion of
aftronomers) can ferve for like purpofes as our
earth, We obferve fudden and furprizing revolu-
tions on the furface of the great planet Fupiter,
which would be fatal to the inhabitants of the earth.
We obferve, in them all, enough to raife our curio-
fity, but not to fatisfy it. From hence, as well as
from the ftate of the moral world, and many other

conli-
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confiderations, we are induced to believe, ‘that our
-prefent ftate would be very imperfect without a fub-
fequent one; wherein our views of nature, and' of
its great author, may be more clear and fatisfactory.
It does not appear to be fuitable to the wifdom that
thines throughout all nature, to fuppofe that we
fhould fee fo far, and have our curiofity fo much
raifed concerning the works of God, only to be dif-
appointed at the end. As man is undoubtedly the
chief being upon this globe, and this globe may be
no lefs confiderable, in the moft valuable refpects,
than any other in the folar fyftem, and this fyftem,
fﬂr ought we know, not inferior to any in the uni-
vérfal f}r[’fem fo, if we fhould fuppofe man to pe-
rith, without ever arriving at a more complete know-
_]Edge of nature, than the very imperfect one he at-
tains in his prefent ftate ; by analogy, or parity of
reafon, we might conclude, that the like defires
would be fruftrated in the inhabitants of all the other
planets and fyftems ; and that the beautiful fcheme
of nature would never be unfolded, but in an ex-
ceedingly imperfect manner, to any of them. This,
therefore, naturally leads us to confider our prefent
ftate as only the dawn or beginning of our exiftence,
and as a ftate of preparation or probation for farther
advancement : which appears to have been the opi-
nion of the moft judicious philofophers of old. And
whoever attentively confiders the conftitution of
human nature, particularly the defires and paffions
of men, which-appear greatly {uperior to their pre-
fent objelts, will eafily be perfuaded that man was
defigned for higher views than of this life, Thefe
the author of nature may have in referve to be
opened up to us, at proper periods of time, and af-
ter due preparation. Surely it is in his power to
grant us a far greater improvement of the faculties
we already poflefs, or even to endow us Wi!:hf new

acul-
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faculties, of which, at this time, we have no idea,
for penetrating Briher. o, the “fcheme of nature,
and approaching nearer to himfelf, the firft and
fupreme caufe. We know not how far it was pro-
per or neceflary that we fthould not be let into know-
ledge at once, but fhould advance gradually, that,
by comparing new objeéts, or new difcoveries, with
what was known to us before, cur improvements
might be more complete and rreguiar s or how far it
may be ncceflary or advantageous, that intelligent
beings fhould pafs through a kind of infancy of
km}wledge. For new knowledgc does not confift
{o much in our having accels to a new objeét, as in
comparing it with others already known, obferving
its relations to them, or difcerning what it has in
common with them, and wherein their difparity
confifts.  Thus our knowledge is vaftly greater than
.the fum of what all its objects {eparately could af-
ford ; and when a new object comes within our
reach, the addition.to our knowledge is the greater,
the more we already know ; fo that it increafes not
as the new objes increafe, but in a much higher
proportion, # * #
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