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works, before we inquire into their make, ftrike us with 
the moil: lively ideas of beauty and magnificence. • 

~. BUT if there be fo flrong a paffion in contemplative 
minds for natural philofophy; all fuch muil: certainly receive a: 
particular pleafure i~ being informed of Sir ISAAC NEWTON~ 
difooveri~s, who alone has' been able to make any great 
adranc~ments in the true courfe leading to natural. know
ledge: whereas this important fubjeet had befo e. been u~ 
fually attempted with that negligence, as cannot be re- · 
fleeted on without furprize. -Excepting a very few, who, by ' 
purfuing a more rational method, had gained a little true , 
knowl~dge in fome particular parts of nature; the: writers inl 
this tcience had generally treated of it after fuch a manner, as 
if they thought, that no degree of certainty was ever to be ho- · 
ped for. The cuftom was to frame conjeetures; and if pon . 
comparing 'them with things, there appeared forne kind of a": 
greement, ~ough very imperfea, it was held fuBic:ient. e 
at the fame time' nothing lefs was undertaken than intire fy
ftems, and fathoming at once the greateft depths of nature ; 
as if the feeret caufes of natural effecls, contrived and framed' 
by infinite wifdom, c~uld be fearched out hy the ilighteft 
endeavours of our weak underftandings. Whereas the onlY" 
method, that can afford us any profpetl: of fuccefs in this" 
difficult work, is to make our enquiries with the utmoft' 
caution, and by very flow degrees. And after our mof\: dili
gent labo ur, the greateft part of nature will, no do.ubt, for e~ 
ver remain beyond our reach .. 

4. THIS 
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. + T HIS .n~gled: ?f the proper means to ~ ~ 
knowledge, Jomed With the prefumption to att mpt, what 
was quite o]l~ of the power of our limited faculties, the Lord 
B A CON judicioufly ohferves to be the great obftruction to th 
progrefs of fcience:l. Indeed that excellent penon was th firfr, 
who exprefly writ againft this way of p~ofophizing; and he 
has laid open at large the abfurditi of it in hi~ admirable treatife, 
intitled Nov U M 0 R G A NON SCI E NT r A RUM; and has ther 
likewife defcribed the true method, which ought to be followed. 

r. THE R E are, faith he, bUj: two methods, that can b 
taken in the purfuit of natural knowledge. On is to make 
a hafty tranfition from our :firfl: and flight obfervation on 
things to general axioms, and then to proceed upon thou . 
axioms, as <certain and uuconteftable principles, without far
.ther examination. I Tlie other method; (which he obferves 
to De the only, true on , but to his time unattempted;) is to 
proceedcautioufly, to advance ftep by ftep, referving the' 
moft general , principles for the laft refult of our inqu.iries h. 

Concemirig the firft of thefe -two methods; where objeCtions, 
which happen to appear againft any fuch axioms taken up in . 
hafie, are evaded by fome fi1volous diftinClion, when th ax
iom it fe1f ought rather to be correCted c ; he affirms, that 
the united endeavours of all ages cannot make it fuccefsful; 
becaufe this original error in the :firft digeftion of the mind . 
( as he expre{fes himfelf) cannot afterwards be remedied d : . 

whereby he would fignify to us, that if we fet out in ·a 

• Nov. Org. Scient. L.1. Aphorifm. 9. 
~ Nov. Olg~L. x. Aph.19. 
o Ibid .. Aph. 25. I 

• Aph. 30 . Errore! ndica1es & jn pri.mll eli
geftione mentis ab excellcnria {unClionum Be re
mediorum fequentium nOll curantur. 

wrong 



,. 
6 I N T ROD U C T ION. 

" 

wrong way; . no diligence or art, we can ufe, while we 
I follow fo erroneous a courfe, will ever bring us to ottr de

figned end. And doubdefs it cannot prove o~erwife; for 
in this . fpacious field of nature, if once we forfake the true 
path, we fhall immediately lofe our felves, and mull: for 
·ever wander with uncertainty. . 

6. THE impoffibility of fucceeding in fo faulty a method 
of philofophizing ·his Lordfhip endeavours to prove from the 
many falfe notions and prejudices, to which the mind of man 
is expofed .a. And fmce this judicious writer apprehends, that 
men are fo exceeding liable to fall into there wrong traCts of 
thinking, as to incur great danger of being mifled by them, 
even while they enter on the true courfe in purfuit of na
ture b; I truf\:, I !hall be excufed, if, by infifting.a litt! par
ticularly llpon this argument, I endeavour to remove what
ever prejudice of this kind, tcight poffibly entangle the mind' , 
of. any of my readers. 

7. HIS Lordlliip has reduced tbefe prejudices and falfe 
modes of conception under four diilinet heads c. 

8. THE firfl: head contains fuch, as we are fubjeCt to from 
the very condition of humanity, through the weaknefs both 
of our fenfes, and of the faculties of the mind d; feeing, as 
this author well obferves, the fubtilty of nature far exceeds 
the greateft fubtilty of our fenfes or acutefl: reafonings e. One 

• Al?h. 38• 
b IbId. 
• Aph. 39. I · Aph·41• 

~ Aph. 10, 24. 
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of the falfe mode of conception, which he nl ntions un
der this head, is the forming to our felves a fan iful um

., plicit}r and regularity in natural things. This he illuftra es 
\ by the follewing inftances; the conceiving the plan ts to 

) 
more in perfeCt circles; the adding an orb of fire to the 0-

th~r three elements, and the fuppofing each of thefe to ex-
ceed the other in rarity, juft in a decuple proportion I . 

And of the fame nature is the a1fertion of DES CAR T E s, 
without any proof, that all things are made up of thr e 
kinds of matter only b. As alfo. t-his opinion of another. 
philofopher; that light, in paffing through diffi rent me 
diums, was refraCted, fo as to proceed by. that way, through 
which it would move more fpeedily; than thfo\lgh any 0-

th r C. The fecond erroneous tum of mind, taken notice of. 
by his Lordfhip under this head, is, that all men are in fOlne 
degree prone to a fondnefs for any notions, which th y have 
onc~ imbibed; whereby they often wreft things to 1;econcil 

6. to thofe notions, and negleCt the confideration of what
I' ever will not be. brought to an agreement with them; juft as 

tho[e do, who are addieted to judicial afirology, to the obfer
vation of dreams, and to fuch-like fuperftitions; who care
fully preferve the memory of every incident, which ferves to 
confirm their prejudices, and let flip out of their minds all in
fiances, that make againft them d. There is alfo a farther impe
diment to true knowledg , mentioned under the [arne head by 
this noble writer, which is; that whereas, through the weak
nclS and imperfeCtion of our fenfes, many things ar conceal d~ 

• Aph. 4 • 
'Des u t Prine. Phil. Parq. §. S:. J 

c Fermat, in Oper. ~g. 156• &c. 
~ Nov. Org. Aph. ,.6. 

&om. 
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from us, which have the greateft effeCt in producing natural 
appearances; ou minds are ordinarily moIl: affeae~ by 
that, which makes the firongeft impreffion on our organs 
of fenfe; whereby we are apt to judge of the .real impor- I 

tance of things in natllre by a wrong meafure I. SO, bec~ufe I 

the figuration and the motion of bodies fuike our fenfes mare 
immediately than moft of their other properties, DES CART'ES 

and his followers will not allow any other explication of natu
ral appearances, than from the figure and nlotion of the parts 
of matter. By which example we fee how jufily his Lord
fhip obferves this caufe of error to be the greateft of any b ; 

fmce 'it has given rife to a fundamental principle in a fyfiem 
of philofophy, that not long ago obtained almoft uruver
fal reputation. 

• 
9- THE S E are the chief branches of thofe obfiruC1ions to 

knowledge, which this author has reduced under his £rft 
head of falfe conceptions. The fecond head contain 
rrors, to which particular perfons are more efpecially obno

xious ~. One of thefe is the confequence of a pr ceiling ob
£< nration: that as we are expofed to be captivated by any opi.., 
nions, , which have once taken po!feffion of our minds; fo in 
particular, natural knowledge has been much corrupt d by 
he firong attachment of men to fome one part of fcience, 

of which they reputed themfelves the inventers, or about 
which they have fpent much of their time; and hence have 
been apt to conceive it to be of greater ut( in the ftudy of na-

• Arh, 50. 
b Ibid. 

c Aph. 53. 
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tural philofophy than it was: like A R 1ST 0 T L E, who redu
ced ,his phyfics to logical difputations; and the chymifts, who 
thought, th~t nature could be laid open only by th force 
of their fires 1\. Some again are wholly carried away by an 
exe:effive veneration for antiquity; others, by too great fond
l1-~fs for the modems; few having their minds fo well balanc d, 
as neither to depreciate the merit of the ancients, nor ye to 
defpife the real improvements of later times b. To this i 
added by his Lordlbip a differ nee in the genius of m n, 
that fOlne are moft fitted to obferve the funilitude, there is in 
things, while others are more qualified to difcern th par~ 
ticulars, wherein they difagree; both which difpofitions of 
mind are ufeful: but to the prejudice of philofophy men are 
apt to run into excefs in each; while one fort of genius dwells 
too much \lpon the grofs and fum of things, and the other 
upon trifling minutenelfes and flladowy diftindions c. 

. . 10. UN D E R the third head of prejudices and falfe notions 
this writer confiders fuch, as follow from the lax and indefi
nite ufe of words in ordinary difcourfe; which occafions gr at 
ambiguities' and uncertainties in philofophicaI debates Cas ano
ther eminent philofopher has fince i11ewn mor at large d;) in
fomuch that this our author thinks a firia: defining of terms to 
be fcarce an infallible remedy againfi this inconvenienc e. And 
perhaps he has no fmall reafon on his fide: for the 'common 
inaccurate fenfe of words, notwithftanding the limitations 
given them by definitions, will offer it [elf fo conftantly to 

- ..." 

• Aph. 54. 
b Aph. 56. 
c A?h. 55, 1 

d Locke, 011 hunun unclcrlt:andlng, B. iii. 
e OV. Org. Aph. 59. 

C the 
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the mind, as to require great caution and circumfpedi n 
for us not to be deceived thereby. Of this we have a 'Very 
ennnent inftance in the great difputes, that hav~ been raifed ( ,. 
about the ufe of the word attraCtion in philofophy; of which 
we fhall be obliged hereafter to mak particular mentio a. 

Words thus to be guarded againft a e of two kinds. Some 
are names 0f things, that are only imaginary b; fuch words 
are wholly to be rejed:ed. But there are other terms, that al
lude to what is real, though their fignification is confufed C. 

And thefe latter muft of neceffity be continued in u[e; but 
their fenfe cleared up, and freed, as much as poffible, fron 
obfcurity. 

I I. THE laft general head of thefe errors cou1prehends: 
{'nch, as follow from the various fed:s of falfe p1;il6fophies ; 
which this author divides into three forts, the fophiftical, em
pirical, and .fuperftitious d. By the firft of thefe . he m A ' 

a philofophy built upon fpeculations only without expe '
ments e; by the fecond, where experiments are blindly ad
hered to, without proper reafoning upon them f; and by 
the third, wrong opinions of nature fixed in mens minds ei
ther through falfe religions,. or from. mifunderftanding th 
declarations of the true ~ 

11.. THE S E are the four principal canals, by which this ju
dicious author thinks, that philofophical errors have flowed in 
lIpon us. And he rightly obferves, that the faulty method of 

• J n the condufion. 
11 Nov. Org. L. i. Aph.59; 
C Ibid. Aph. 60. 
~ Ibid. Aph. 61.. 

c Aph.63 . 
, Aph.6 .... 
! Aph.65· 
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proceeding in phllofophy, againft which he writes·, is fo far 
from affifting us towards overcoming thefe prejudices; that 
he apprehend,s it rather fuited to rivet them more finnly to the 

~ mind h. Ifow great reafon then has his Lordfhip to call this 
, way of philofophizing the parent of error, and the bane of 

aU knowledge C? For, indeed, what elfe but miftak scan fo 
bold and prefitmptuous a treatment of natur produce? have 
we the wifdom nec {fary to frame a world, that we fhould 
think fo eafily, and with fo flight a fearch to enter into the moll 
fecret fprings of nature, and difcover th original caufes of 
things? what chimeras) what monfters has not this pr pofte
rous method brought forth? what fchemes, or what hypoth -
fis's of the fu btileft wits has not a ftriCter enquiry into nature not 
only ov rthrown, but manifefted to be ridiculous and abfi.lrd ? 
Every new ilTIprovement, which we make in this fdenc , lets 
us fc e more and more the weaknefs of our gueifes. Dr.HARVEY, 

hat one difcovery of the circulation of the blood, has 
di11ipated all the fpeculations and reafonings of many ages up
on the aniIual oeconomy. As ELL IUS, by deteCting th la
cteal veins, {hew d how little ground all phyficians and phi
lofophers had in conjeCturing, that the nutritive part of the 
aliment was abforbed by the Inouths of the veins fpread upon 
the bowels: and then PEe Q.U E T, by finding out the thora
dc duct, as evid ntly proved the vanity of the opinion, which 
was perfifted in after the latteal veffels were known, that ·th 
alimental juice was conveyed immediately to the liver, and 
there conv rted into blood. 

• , ee above, § 4, 5· 
OV • ..,r • L. i. Aph. ~. 

( lbi..! . I 
c 1. 13. A s 
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I ~. As thefc things fet forth the great abfurdity of pro
ceeding.in philofophy on conjectures, by informing us how far 
the operations of nature are above our low conceptions ; f~ 
on the other hand, fuch infiances of fuccefs frbm a more. , 
judicious method {hew us, that our bountiful maker bas II 
not left us wholly without means of-delighting our fdves in. 
the contemplation of his wifdom. That by: a juft way of 
inquiry into nature, we· (::ould not fail. of arriving at difcoveries. 
very remote from otir apprehenftons; the Lord B A CON him
felf argues from the experience of mankind. If, fays he, the 
f.otce of guns {hQuld be· defcribed to anyone ignorant of 
them'" by their effect's only; he might reafonably fuppofe, that 
thofe engines of defuuction were only a more artificial com-· 
poution, than he knew, of wheels and other mechanical 
po.wers: but it could never enter his .thoughts, that their 
immenfe force {bould be owing to a peculia~ fubfiance, . 
which would enkindle into fo VIolent an explotion, as~-
experience in gunpowder: {ince he would no where fee 
the leaft example of any fuch operation; except perhaps in 
earthquakes and thunder, which he would doubtlefs look 
upon as exalted powers of nature, greatly furpaffing any art of' 
man to imitate. In the fame manner, if a ftranger to the ori
ginal of filk were {hewn a garment made of it, he would be 
very far fr.om, imagining fo ftronK a fubftance to be fpun out 
of the bowels of a fmall wopm; but muft certainly believe 
it either a vegetable fubftance, like flax or cotton;· or the na
tural COy ring of fome animal, as wool is of {heep. Or had 
w b en told, before the invention of the magnetic needle 
among us" that another people. was in poffeffion, of a certain 

contrivance 
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contrivance, by which they were inabled to difcover the po
fitiog. of the heavens, with vaftly more eafe, than we could 

) 

do; what could have been imagined more, than that they 
were provided with fome fitter aftronomical infirument £ r 
this. purpofe than we? That any ftone ihould have fo anlaz~ 
ing a property, as we find in the magnet, nluft have been 
the remoteft from our thoughts a. 

14. BUT what furprizing advancements in the know1 dg . 
of nature may be made by purfuing the true courfe in philo-
fophical inquiries; when thofe fearches are conduB.:ed by a 
genius equal to fo divine a work, will be beft underftood by. 
confidering Sir I S A A C NEW TON'S difcoveries. That my 
reader may apprehend as juft a notion of thefe, as can be (;on
veyed to hin1, by the brief account, which I intend to lay be
fore him; (have fet apart this introduCtion for explaining, in 

- <HlP fulldl _~anner I am able, the principles, whereon Sir 
I s A A C NEW TON proceeds~ F or without a clear con~eP"' 
cion of thefe, it is impoffible to form any true idea of the 
fingular excellence of the inventions of this great philofoph r .. 

I r. Tl!E principles then of tliis phiIofophy are; upon no con
fideration to indulge conjeB.:ures concerning the powers and 
laws of nature, but to make it our endeavour with all diligence 
to fearch out the real and true laws, by which the conftitution 
of things is regulated. The philofopher's firft care muft be 
to. diilinguiih, who he fees to be within his power; from what 

a Ibid. Aph. 109. . 
1 
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is beyond his reach; to affume no greater degree of know
ledge, than what he finds h.itnfelf poffeffed of; but to ad ance 
by flow,and cautious fieps; to fearch gradually into natural cauf
es ; to fecure to himfelf the knowledge of the m~ft immediate 
caufe of each appearance, before he extends his views farilier 
to caufes more remote. This is the tnethod, in which philo(o
phy ought to be cultivated; which does not pretend to fo great 
things, as the .more airy fpeculations; but will perform ~bun
dandy more: we {hall not perhaps feern to the unskilful to 
know fo much, but our real knowledge will be greater. And 
certainly it is no objeetion againft this method, that fome o
thers promife, what is nearer to the extent of our willies: fine 
this, if it will n~t teach us all we could defire to be informed 
of, will however give us fome true light into nature; who ch no 
other can do. Nor has the philofopher any reafon to think 
his labour loft, when he finds himfelf ftopt at the caufe firll: 
difcovered by him, or at any other more remote caufe, il6it-' 
of the original: for if he has but fufficiently proved anyone 
caufe, he has entered fo far into the real conftitutiol1 of things, 
has laid a fafc foundation for others to work upon, and 
has facilitated their endeavours in th fearch after yet more 
difiant caufes; and befides, in the n1ean tim~ he may apply 
the knowledge of tllefe intermediate caufes to nlany ufeful 
purpofes. Indeed the bing able to make praCtical dedu
{lions from natural caufes, conftitutes the great diftinCtion 
between the true philofophy and the falfe. Caufes af
fumed upon conjeCture, mull: be fo loofe and undefined, 
that nothing particular can be colleCted from them. But thofe 
caufes, which are brought to light by a ftria: examination 

of 
r \ 
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of things, will be more diftinCl:. I-Ience it appears to have 
been flo unufeful difcovery, that the afcent of water in pUlnps 
is owihg to. tpe preffure of the air by its weight or fpring; 
though the caufes, which make the air gravitate, and render 
it elMl:ic; be unknown: for notwithfianding we are igho
rant of the original, whence thefe powers of the air are de-

l' 

rived; yet we may receive much advantage from the bare 
knowledge oHhefe powers. If we are but certain of the d -
gree of force, wherewith they aCt, we !hall know dl extent or 
what is to be expeCtedfi-om them; we {hall know the greateft 
height, to which it is poffible by pumps to raife wa er; and. 
{hall thereby be prevented from making any ufelefs efforts 
towards improving th fe infiruments beyond the limits pr -
fcribed to them by nature; whereas without fo much know
ledge as this, we might probably have wafted in attempts of 
this kind much time and labour. How long ' did' philofo
plit;lS bufy themfelves to no purpofe in endeavouring to perfeCt 
telefcopes, by forming the glaffes into fome n w figure; till 
Sir I s A A C NEW TON demonfttated, that the effeCl:s of tele .. 
fcopes were limited from another caufe,. than was fuppofed; : 
which no alteration in the figure of the glaifes could remedy? 
What method Sir I S A A C NEW TON himfelf has found for 
the impr~vement of telefcopes fhall be explained nereafter a. 

But at prefent I {hall proceed to illuftrate, by fome farther inftan
ces, this diftinguifhing charaCter of the true philofophy, which 
we have now und r confideration. It was no trifling difcove
ry, that dle contraction of the nlufcles of animals puts their 
limbs in motion, though the original caufe of that' contradlon 

a Book m. Chap. iv. 
rematp 
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remains a feeret, and perhaps may always do fo; for the 
knowledge of thus much only has given rife to many ~ecu
lations upon the force and artificial difpofition. qf.the mufcles, I 

'and has opened no narrow profpect into the animal fabrick. ( 
The finding out, that the nerves are great agents in tlfis a
.clion, leads us yet nearer to the original caufe, and yields lis a 
wider view of the fubjeCt. And each of thefe fteps affords us 
affiftance towards reftoring this animal mqtion, when impair
ed in our felves, by pointing out the feats of the injuries, to 
which it is obnoxious. To neglect all this, becaufe we can 
hitherfo advance no farther, is plainly ridiculous. It is 
·confeffed by all, that GAL I LEO greatly improved philofo
phy, by {hewing, as we {hall relate hereafter, that the power 
in bodies, which we call gravity, occafions them to move 
downwards with a velocity equably accelerated a; and that 
when any body is thrown forwards, the fame power obliges it 
to defcribe in its motion that line, which is called by geometer 
a parabola b: yet we are ignorant of the caufc, which nlakes 
bodies gravitate. But although we are unacquainted with 
the fpring, whence this power in nature is derived, neverth -
lefs we can eftimate'its effeCts. When a body falls perpendicu
larly, it is known, how long time it takes in defcending from 
any height whatever: and if it be thrown forwards, we know 

r the real path, which it defcribes; we c~n determine in what 
direCtion, and with what degree of fwiftnefs it muft be pro
jeCted, in order to its ftriking againft any objeCt defired; and 
:we can alfo afcertain the very force, wherewith it will ftrike. 

• Book I. Chap. z. § 1+ b Ibid. S 85. &c. 

Sir 
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Sir I S A A C NEW TON. has farther taught, that this pow r of 
graV;tation extends up to the moon, and caufes that planet t 
gravitate as much towards the earth, as any of the bodies, which 
are familia!' to us, would, if placed at the fame difianc a: 
he ,has proved likewife, that all the planets gravitate toward 
the fun, and towards one another; and that their refpeCtivc 
mot1ons follow from this gravitation. All this he ha,s demon
{l:rated u on indifputable geometrical principles, which cannot 
be reil ered precarious fat want of knowing what it is, whid 
caufes thefe bodies thus mutually to gravitat : any 010r thao 
we can doubt of the propenfity in all the bodies about us, to 
defcend towards the earth; -or can call in queftion the fOl'C
mentioned propofitions of GAt I LEO, which ar built upoa 
that principle. And as GAL I LEO has {hewn more fully, 
than was known before, what effeCts were produced in the 
motion of bodies by their gravitation towards the earth; fo 
Sir I S A A C NEW TON, by this his invention, has much advan
ced our knowledge in the celeftial motions. By difcovering 
that the moon gravitates towards the fun, ' as well as towards 
the earth; he has ' laid open .thofe intricacies in the moon's 
motion, which no afironOlner, from obfervations only, could 
ever find out b : and one kind of heavenly bodies, the comet 
have their motion now clearly afc~rtained; whereof we had 
before no true knowledge at all (i. 

16. DoulrrLEss it Inight be expeCted, that fuch furprizing 
{ucce~ ihould hay , filenced, at once, every cavil. But w 

a See Book II. Ch. 3. § 3,4. of this treatife ' l 
II See took II. h. 3. of this rreatife. 

C See Chap. 4. 

D have. 
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have fe n the contrary. For becaufe this philofophy profelfes. 
mod ftly to keep within the extent of our faculties, aad is. 
ready to confefs its imperfeCtions, rather than to make any 
fruitlefs attempts to conc al them, by fee king to cover the de
fccts in our knowl dge with the vain ol.lentation of ralh md 
groundl fs conjeCtures; hence has been taken an occafion to 
infinuate that we are led to miraculous caufes, an the otcult 
qualities of the. fchools. 

" 

17. BUT the firft of thefe accufations is, very extraordina
ry. If by calling thefe caufes miraculous nothing more ia-. 
meant than only, that they often appear to us wonderful and 
{urprizing, it is not eafy to fee what difficulty can be raifed 
from thence; for the works of nature difcover every where 
fuch proofs of the unbounded power ~ and the confummate 
wifdom of their author, that the more they are known, the 
more they will excite our admiration: and it is too manifeIt. 
to be infifted on, that the common fenfe of the word mira 
culous can have no place here, when it implies what is above 
the ordinary caurfe of things.. The other imputation, that 
thefe caufes are occult upon the account (>f our not perceiving 
what produces them, contains in it great ambiguity. That 
fOI'nething relating to them lies hid,. the followers of this 
philofophy are ready to acknowledge" nay defrre it fhould 
be carefully remarked, as pointing out proper fubjeets for fu
ture inquiry. But this is very different from the proceeding 
of the fChoolmen in the caufes called by them occult. For 
as their occult qualities were underftood to operate in a man
ner occul~ and not apprehended by us; fo they were ob-· 
$ uudea 
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tn1decl upon us for fuch original and en-ential properties in lxr 
dies, as made it vain to feek any farther caufe; and a great
er pOwer was attributed to them, than any natural appearanc 
authorizecL . For infiance, the rife of water in pumps was afcri .. 
be4 to a certain abhorrence of a vacuum, which they thought 
fit to affign to nature. And this was fo far a true obfervation, 

~
e water qoes move, contrary to its ufual courf«, into 

the ce, which otherwife would be left void of any fenfibl 
rna , ~,J:. the procuring fuch a vacuity was the appa
rent caufe of the water's afcent. But while w w r not in 
the leafi: informed how this power, called an abhorr nee of a 
vacuum, produced the vifible effeCls; inftead of making a
ny advancement in the knowledge of nature, we only gave 
·an artificial name to one of her operations: and wh n the 
(peculation was pulhed fo beyond what anyapp aranccs re
quired, as k> have it concluded, that this abhorrence of a va
cuum was a power inherent in all matter, and fo unlitnited as 
to render it impoffible for a vacuum to exifi: at all; it then 
became a much greater abfurdity, in being made th foun
dation of a Inoft ridiculous tnanner of reafoning; as at length 
evidently appeared., when it came to -be difcovered, that this 
rife of the water followed only from the pre{[ure of the air, 
and extended it felf no farther, than the power of that caufe. 
The fcholailic ftile in difcourfing of thefe occult qualiti "') 

~ as if they were e:lfential differences in the v ry fu bftances , 
of which bodies confifted, was certainly very abfurd; by 
reafon it tended to difcourage all farther inquiry. But n 
fuch ill confequences can follow from the confidering of 
any natural cau[es, which cow ffedly are not traced up to 

D 2. their -
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~eir firfi: original. How fhall we ever come to the know
ledge of the fev ral original caufes of things, otherwife than 
by fi:oring up all intermediate caufc s which we can difcover ? 
Are all th original and effential properties of Inatter fo very 
obvious, that none of them can efcape our firfi: view? Thi~ is 
not probable. It is nluch more likely, that, if fonle of the 
effential prop rties are difcovered by our firll: obfervation, a 
firitler examination fhould bring more to Ii ht. 

18. BUT in order to clear up this point concerning the 
dfential properties of matter, let us confider the fubjeCl: a lit
tle . diftinaly~ Weare to conceive, that the matter, out of 
which the univerfe of things is forined, is furniihed with cer
tain qualities and powers, whereby it is rendered fit to anfwer 
the purpofes, for which it was created. But every property, 
of which any particle of this matter is in it felf po{fc ill d, and 
which is not barely the confequence of tlle union of this parti
cle with other p rtions of matter, we may call art effential pro-
perty: wh reas all other qualities or attributes belonging to 
bodies, which depend on their particular frame and compofi
tion, are not effential to the matter, whereof fuch bodies are 
made; becaufe the matter of thefe bodies will be deprived 
of thofe qualities, only by the diffolution of the body, with
out working any change in the original conftitution of one 
fingle particle of this mafs of matter. Extenfion we appre- . 
hend to be one of thefe effential properties, and impenetrabi
lity another. Thefc two belong univerfally to all matter; and 
are the principal ingredients in the idea, whj.ch this word 
matter ufually excites in the mind , Yet as the idea, marked 

by 

. . 
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by this name, is not purely the creature of our own un
derflandings, but is take~ for the reprefi ntation of a c rtain 
fubfiance without us; if we fhould difcover, tr..at very par 
of the fubfiance, in which we find thefe two prop ti , 
fhopld likewife be endowed univerfally with any other {fc n
rial qualities; all thefe, from the time they come to our 1 0-

llce" muft be united under our general idea of matter. How 
man' [uch propeJlies there are actually in all nlatt r we know 
not; tno e, ~hich we are at prefent apprized, ha b . 
found out only by our obfervations on things; how nlmy 
more a farther {earch Inay bring to light, no one can ay; 
nor are w certain, that we are provided with fufllci nt m -
thods of perception to difcern them all. Ther for , flnte we 
have no other way of making difcoveries in natur, but by 
gradual inquiries into the properties of bodies; our firft fi p 
muft be to admit without diilinction all the properti , whi h 
we obferve; and afterwards we muft ndeavour, as far a w 

_ are able, to diftinguiih between the qualities, wher with th 
very fubftances themfelv s are indued, and thofc appearanc , 
which refult from the ftructure only of compound bodi s. 
Son1e of the properties, which W p obfcrv in things, ar the 
attributes of particular bodies Ol~y; oth rs uruverfally: b long 
to all, that fall under our. notice. Wh ther fome of th 
qualities and powers of particular bodies, be derived from dit: 
ferent kinds. of matter entring their. compofition, can 10, ill 

the prefent imperfect ftate. of our knowledge, abfolu ely b 
decided; though we have not yet any reafi 11 to conclude, 
but that all the bodies, with which we conver[c, ar framed 
out of ~e very fame kind of matter, and that their diilinCt: 

. ~~~ 
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-qualities are occafioned only by their firucrure ; through tne va .... 
riety whereof the g ncral powers of matter arc caufed to ro
duce different effetl:~ On the other hand, we {hould not ha .. 
ftily conclude, that whatever is found to appertain-to all mat .... 
ter, which falls under our examination, muft for that reajon 
()nly be an effential property thereof, and not b derived from 
fome unfeen difpofition in the franle of nature. Sir I ~ Ai. c 
NEW TON has found reafon to conclude, at gravi~ is ~ pro
perty univerfally belonging to all the percep . ole &;nes ih the 
univerfe, and to every particle of matter, whereof they are 
compofed. But yet he no where afferts this property to be 
eH'ential to matter. And he was fo far from having any de
lign of eftablifhing it as fuch, that, on the contrary, he has 
given fome hints worthy of himfe1f at a caufe for it a; and ex
prefly fays, that he propofed thofe hints to {hew, that he had 
no fuch intention D. 

19. I T appears from hence, that it is not eafy to deter
mine, what properties of bodies are effentially inherent in the 
matter, out of which they are made, and what depend upon 
their frame and cOlnpofition. But certainly whatever pro
perties are found to belong either to any particular fyftems of 
matter, or univerfally to all, muft be confidered in philofophy; 
becaufe philofophy ~ill be otherwife imperfeCt. Whether 
thofe properties c n be deduced from [orne other appertain
ing to matter, either among thofe, which are already known, 
or among fuch as can be difcove~ d by us, is afterwards to be 
~ught for the farther improvement of our knowledge. But this 

• At the end of his Optics. ) b See the lame treadle, ill 
ill ~_ 21. Advertifement z. . . 
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inquity cannot properly have place in the deliberation about ad
mitting any property of matt~r or bodies into philofophy; for 
that purpofe it is only to be confidered, whether the exifi nee 
of fuch a p-operty has been juftly proved or not. Ther fore 
to decide what caufes of things are rightly received into na
tural philofophy, requires only a diftinet and clear conception 
of what kind of reafoning is to be allow .d of as convincing 
when ~e argu~ u n the works of nature. 

1.0. T If E proofS in natural philofophy cannot be f6 abfo
lutely concluuve, as in the mathematics. For the fubj as 0 

that fcience are purely the ideas of our own minds.. The. 
may be reprefented to our fc rues by material objeCts, but th y 
are themfelves the arbitra produCtions of our own. thoughts ; 
fq that as the mind can have a full and adequat knowledg 
of its own ideas, the reafoning in geom try cal be rendered 
perfeCt. B'ut in natural knowledge' the fubjeCt of our con 
templation is without us, andl not fo compleatly to be known"" 
ih r for our method of arguing mufr fall a little thort of ab
{olute perfeilion. It is only her required to' freer a jufr courfe 
betw en the.conjetlural method of proc .eding, againfi which' 
I have f(} largely [poke; and. demanding fo ligorous a roof, as 
will reduce all philofophy to'mere fcepticifm, and exclud !l 

profpe.tl: of making any progrefs in the knowledge. of nature. 

1:1. T H:E conceffions, which are to be allowed in this fci
cnce, are by Sir I S A A C NEW T O.N included. under 3,. 

few funple precepts ... 
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t 
1. '1. THE !irf\: is, that more caufes are not to be received 

into philofophy, than are fufficient to explain the appeaJances 
of nature. That this rule is approved of unaninl0ufly, is e-

/ 

vid nt froln tho[e expreffions fo fi-equent among"all philofo
phers, that nature does nothing in vain; and that a v rie
ty of means, where fewer would fuffice, is needl fs. And 
certainly there is the higheR: reafon for complying with this 
rule. For iliould we indulge the libeltL?f multi~lying, 
without neceffity, the caufes of things, It would reduce 
all philofophy to mere uncertainty; fmce the only proof, J 
which we can have, of the exif\:ence oLa.caufe, is the ne
ceffity of it for producing known effeCts. 'Therefore where 

, one caufe is fufficient, if there really 1bould in nature be 
two, which is in the laG: degree improbable, we can have no 
poffible means of knowing it, .and confequendy ought not to 
ta~e .t;lte liberty of imagining, that there are more than one. 

. "'13. THE fecond precept is the direB: confequence 'Of the 
firft, that to like effeB:s are to be afcribed the fame caufes. 
For inf\:ance, .that tcfpiration in men and in brutes is brought 

. about by the falne means; that bodies defcend to the earth 
here in E U R 0 P E, and in AM E RIC A from the fame principle; 
that the light of a culinary fire, and of the fun have the fame 
manner of produCtion; that the refleCtion of light is effetled in 
the arth, and in the planets by the fame power; and the like. t" 

1.+ THE third of thef~ precepts has equally evident rea
fon for it. It is only, that thofe qualiti~s which"in the farne 
body can n ither be leifened nor increaTe'd,: and which belong 

to 
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all bodies that are in our power to make trial upon, ought 
be accounted the univerfal properties of all bodies what

ever,-

'1. t. I N-Y.ris .precept is founded that method of arguing by 
indJd:ion, without which no progrefs could be made in na
tl:Iral philofophy. For as the qualities of bodies become 
known to us by experiments only '; we h~ve no other way of 
finding the pro~cies of fu h bodies, as are out of our reach. 
to experiment upon, but by drawing conclufions from thofc 
which fall under our examination. The only caution here 
required is, that the obfervations and e periments, we argu 
upon, be numerous enough, and that due regard be paid to 
all objections, that occur, as the Lord B A CON very judi
cioufly direCts~. And this admonition is fufficiently com
plied with, \vhen by virtue of this rule we afcribe imp nc-. 
~~lity and extenJi,Qn to all bodies, though we have no en
fible experiment, : that affords a direCt proof of any of the ce
leflial bodies being impenetrable; nor that the fixed fiar 
are f~ much as extended. For the more perfeCl our inftru
ments are, whereby we attempt to find their vifible magni
tude, the lefs they appear; . infomuch that all the fenfible 
magnitude, which we obferve in them, feems only to b an 
optical deception by the fcattering of their light. However, 
I fuppofc no one will imagine they are without any magni
tude, though their immenfe diftance makes it undifcernable 
by us. After the fame manner, if it can be proved, that all 

a NOT. Ori' Lib. i Ax. lOS, 

E bodies 



than 

21. THIS is that method of induClion, whereon all phi-
lofophy is founded; which our author farther 'inforces by 
this additional precept, that whateyer is colleCted from this 
jndudion, ought to be received, notwithfian . g any 'co . e
~ural ... hypothefis to the contrary, till fuc~ 'm.e# as it {hall be;. 
contradiCted or limited by farther obfervati~s ~n nature~ 
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Of the LA WS of MOTION . 
. A V I N G thus explained Sir I SAA C 

, NEW TON'S method of reafoning in 
philofophy, I fhall now proceed to 
my intended account of his difcove
ries. Thefe are contained in two trea
tifes. In one of them, the MATHEMA

TICAL PRINCIPLES OF NATURAL PHILOSO

PHY, his chief deftgn is to {hew by what laws the heavenly 
E 1. motions 
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motions are regulated; in the other, his OPTICS, he difcour 
of the nature of lightand colours, and of the aCtion between 
light and bodies. This fi cond treatife is wholly confined to 
the fubjeet of" light: except fome conje&lres prop fed at the 
end concerning other parts of nature, which lie hitherto n'lore 
concealed. In the other treatife our author was obliged to 
fmooth the way to his principal intention, by explaining ma~ 
ny things of a more general nature: for even fome of the molt 
ftmple properties of matter were fcarce well eftablifhed at that 
time. We may theufore reduce Sir J S A A C NEW TON'S do
&ine under three general heads; and I than accordingly di
vide my account into three books. In the firft I fhall fpeak 
of what he has delivered concerning the motion of bodies, 
without regard to any particular fyftem of matter; in the f( -

cond I fhall treat of the heavenly motions; i\tld the third 
fua1l be employed upon light. ' 

1.. I N the firft part of my de~gn, we m ff begin with all 
account of the general laws of motion. 

j. THE S E laws are fome univerfal aff'e8:ions and proper
ties of matter drawn from experience, which are made ufe 
of as. axioms and evident principles in all our arguings upon the 
motion of bodies. For as it is the cullom of geometers to 
affume in their demonfuations fome propoutions, without 
exhibiting the proof of them; fo in philofophy, all our rea
foning mu£\ be built upon forne properties of matter, fUll: ad
mitted as principles whereon to argue. In geometry thefe ax
ioms are thus a1I'umed, on account of their being fo eviden 

I' , 
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a 0 make any proof in form needlefs. But in philofophy 
no properties of bodies can be in this manner rec ived for felf
evident; fmce it has been obferved above, that we can con ... 
dude notltfng concerning matter by any reafonings upon its 
nat"Q e and effence, but that we owe all the knowledg , we 
have th~eof, to experience. Yet when our obfervations on 
matter have inforin'd us of fame of its properties, we may fe
curely reafon upon them in our farther inquiries into natur . 
And thefe laws of motion, of which I am here to fpeak, are 
found fo univerfally to belong to bodies, that there is no mo
tion known, which is not regulated by: them. Th· fc ar bY' 
Sir ISAAC NEWT ON' reduced to three · 

4. THE firll: law is, that all bodies have fuch an indiffi renc 
to rell:, or motion, that if once at refl: they remain fo, till ru
fturbed by fom . power acting upon them· but if onc put 
in motion, th erfill in it; continuing. to mov right for
wards perpetually~ after the power, which gav,e the motion,. 
is removed; and alfo preferving the fame degree of velocity. 
or quicknefs~ as was firfl: communicated, not flopping or ~ 
mitring their courfe, till inte;rrupted or otherwife difturbed by: 
fome new power impreffed. . 

1'. THE fecond law of motion is, that the alteration of th 
fiate of any body, whether from reLl: to motion, or from mo-
tion to reft, or from one degree' of motion to. another, is al ... 
ways proportional to the force impreffed. A body at reft, when 

• 
.. 

·) 
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acted upon by any power, yields to that power, movin n 
the fame line, in which the power applied is directed; and 
D;loves with a leG or greater degree of velocity, according to 
the deg(ee of tl~e power; fo that twice the power iliall com
municate a double velocity, and thr e times the po~er a 
threefold velpcity. If the body be moving, and the power 
impreffed act upon the body in the direction of its motion 
the body ihall receive an addition to its motion, as great as 
the motion, into which that power would have put it from a 
flate of reft; ,bu~ if ·the power impreffed upon a moving bo
dy aCt direCtly Oppohte to its former ,motion, that power 1hall 
then take away fr0m ;the body's motion, as much as in the o
ther cafe it would have added to it. Laftly, if the power be 
i!npreffed obliquely, .there will arife an oblique motion dif
fering more ·o.r leU, from the former direilio~, • according as 
the new impreffion is greater .or~. For exa pIe, ~f the bo
dy A (in :fig. L.) , movingilil the direction and when it is 
at the point A, .a, power he impreffed upon it in the dircCl:ion 
A C, the ~y Thall nom h~ceforth neither move in its firft 
dir.eCtion A B, ;nor:in the direCtion of the adventitious power, 
,but fhall take 'a courfe as A D between them: and if the 
power laft impreffed be juft equal to that, which firft gave 
.to the 'body its motion; the line A D {hall pafs in the middle 
'between A B and A C, dividing the angle under B A C into 
two equal parts; but if the power laft impreffed be greater 
than the firft, the line AD tball indine moft to AC; whereas 
if the lafl: impreffion be Iefs than the firft, the line A D /hall 
incline moft to AB. To be more particular, the fituation of 

the 
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e line A D is always to be determined after this mann r. 

Le AE be the fpace, which the body would hay mov d 
through in the line A B during any certain portio of tim ; 
provided ~t ,body, when at A, had receiv d no fecond im
pulfc Suppofe likc;wife, th~t A F is the part of the line A C, 
through which ,the body would ha~ moved.during an qua 
portion of time, if it had been at rea in A, when it receiv d 
the impulfe in the direction A C : then if £rom n b d wn 
a line parallel to, or equicliftant from A C, and from F an
other line parallel to A B, thofe two lines will meet in the 
line AD. t9h 

6. THE third an~ laG: of thefe laws of motion is, that ' 
when any body aexs upon another, the aaion of. that body 
upon the other is equalled by the contrary reaction of that 

\.. other body upoIl)the fi{ft. 
I . 

7. T 'HESE' w of motion are aoundantly confirmed by 
thi, that-all the deductions made from them, in relation to 
the motion of bodies, how complicated foever, are found to ' 
agree perfeexly with obfervation. This lhall be fhewn more 
at large in the next chapter. But" befor we proceed to (0 

diffuRve a proof; I chu(e here to point out thofe appearan 
\'-s of bo9ies, I whereby theJaws of motion are firft fugg~ft d . 
t9 us. 

8: D AlL Y obfervation makes it appear to us, that allY 
body, which we once fee at reft, never puts it fc If into frelh 

motion· 
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motion; but continues always in the fame place, tpl remove, , 
by fome power applied to it. 

9. A G A I N, whenever a body is once in motion, it continues 
in that motion fome tinle after the moving· power lias quitted 
it, and it is lett to it felf. Now if the body continue td move 
but a fmgle moment, after the moving power has left it, there 
can no reafon be affigned, why it {bould ever frop without 
fome external force. F or it is plain, that this continuance of 
the motion is caufed only by the hody~s having already mov-

. ed, the fole operation of the 'power upon the body being the 
putting it .in motion; therefore that motion continued will e
qually be the caufe of its farther motion, and fo on without 
end. The only doubt that can remain, is, whether this motion 
communicated .continues intire, after the power, that caufed 
it, ceifes to aCl:; or whether it does not gradu~ly languiili. and ~ 
·decreafe. And tliis fulpicion cannot be oyed by a tranfi-
ent and flight obferva6.o11 on bodies, but w e fully cleared 
up by thofe ·more .accurate proofs of the laws of motion, 
which ar.e to be confidered.in the .next chapter . 

. ·iO. LASTLY, bodies in motion appear to afI"eCl: a frraight 
. courre without ,any deviation, unlefs when difrurbed by fome 

adventitious ,power aQ:ing upon them. If a body be thrmvn 
perpendicularly upwards or downwards, it appears to continue 
in the fame ftraight line during the whole time of its motion. 
If a body be thrown in any other direction, it is found to de
Viate from the line, in which it began tio move, more and 

more 
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m re continually towards the earth, whither it is dir a: d 
by its .. weight: but fince, when the weight of a body do 
not alter the direCtion of its nlotion, it always move in 
a ftraight. . e, without doubt in this oth r cafi the body' 
declinif.,g from its firft courfe is no more, than what is cau ... 
kd by its weight alone. As this appears at firft fight to 
unqueftionable, fo we iliall have a very diftind: proof ther of 
in the next chapter, where the oblique motion of bodies will 
be particularly confidered. 

.' I II T H U S we fee how the :fidl: of the laws of motion 
agrees with what appears to us in moving bodies. But 
here occurs this farther confideration, that the real and a 
{olute motion of any body is not vifible to us: for we 
are our felves alfo in conftant motion along with the 
earth whereon we dwell; infomuch that we perceive bo
dies to move fo ~ "(:Inly, as their! motion is diffi rent from 
our own. Wh: . body appears to us to lie at ·refl, in 
reality it only. continues the motion, it has rec ivai, without 
putting fOrth any power to change that motion. If we 
throw a body in the courfe or · direCtion, wherein we are 
carried our felves; fo much motion as we m to have 
given to the body, fo much we have truly added to th 
motion, it had, while it appeared to us to be at reft. But 
if we impel a Body the' contrary way, although the body 
appears to us to have received by fuch an impulfe as much 
motion). as when impelled the other way; yet in this cafe we 
have ken &om the body fo much real motion,· as we feem 
o hay given it. Thus the nlotion, wbi 11 w fc e in bodi s 
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is not their real motion, but only relative with refpeCt to lis ; 
and the forementioned obfervations ~nl y fhew us, that this 
firft law of motion has place in this relative or apparent 
motion. However, though we cannot make y obferva
tion imme4iately on the abfolute motion of bodies, yet by 
reafoning upon what we obferve in vifible motion, we can 
difcover the properties and effeCts of real motion. 

12. W IT H regard to this firft law of motion, which is 
. now under confideration, w may from the foregoing ob
fervations mof\: truly colleCt,. that bodies are difpofed to con
tinue in the abfolute motion, which they have once received) 
w.itbout increafmg or diminifhlng their velocity. When a 
body 3tp~S to us. to lie at reft, it really preferves withou 
change the motion, which it has'in common with E>ur felves : 
and when we put it into vifible motion, and • e fee it conti
nue that motio{l; this proves, that th retains that de
gr«e of its' ahfolute :EIjlotion, into which it' }>ut by our aCliog 
upon it: if we give it fuch an' apparent motion, which adds 
o its real motion, it preferves that addition; and if om aCt· 

ipg OJ) the body tales olt nom its rcal motion, it continues 
afterwards to move with no more real motion, than we hav 
kft it. 

1 j. A G A: I N', we d0not obferve ill bodies any difpofition or 
pow r within themfelves to change the direCtion of their mo
tion; and if they had any fuch pow.er, it WO\lld eafily be di£. 
covered. For fuppofe. a body by the ftru&Jl'( or difpofttion 
of its parts, or by any other circumfi,ance in its make, was in-

. dued 
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due~ with a power 'of moving it felf; this felf-moving prin-

. _ ciple, which iliould be thus inherent in the body, and not 
(lepend 0 jiny thing external, mull: change the direCtion 
wh~in1t.:w:ould aCt, as often as the pofition of the body 
was changed : . fo thatJor inftance, if a body was lying be
fore me in fuch a pofition, that the direCtion, wherein this 
principle difpofes the· body to mov~, was pointed direCtly from 
me; if I then.gradually turned the body about, the direltion 
of this felf-moving principle would no longer be pointed di-

o ~ea:ly from J?le, but would turn about along with the body 
. Now if any body, which appears to us at refl:, were furnHh

ed with any fuch felf-moving principle; from the body's ap
pearing without motion we mull: conclude, that this felf-mov
ing principle lies direCt d the fame way as the earth is car
rying the booy; and fuch a body might immediat ly be put 
into vifible motion. only by turning it about in any degree, 
that this felf- oying principle might receiv~ a different di-. 
re~oAo 

- 140 FRO M 'thefe conlideration~ it very plainly follows, 
that if a body 'were once ab{ohitely at refl:; not being fur
nUhed with any principle, whereby it could · put it [~lf into 
motion, it mufl: for ever continue in the [alne place, till aeted 
upon by fom.ething external: and alfo that when a body is put 
into' motion, . it has, no power .within it [elf to -make any 
change in the direCtion of tllat motion; and confc quent1r 
that the body muft move on fuaight fOfWard without declin
ing any way whatever. But it has before been {hewn, that 
bodies do Q,Qt appear to have in tliemfelves any ow r to 

F 'l. change 



BoOK I. 

cMnge th~ verocity' 6f tlieir motion: ther~for~ this ~firft ~.la~' 
ef nlotiQn has·oeeri illuftrated and confinl1ed, as lnuch as can 
~. I, • 

be· frbn:i th~' trctnfient obferva 'ons, which have.. her I een,4if .... 
t:Qurfed ilppn; and in the next cnapt ,r alJ this will be ~ £1" 

e{l:abliihea by more corre~ obfervations. '.:.. ., , 
.... t· • " • 

J • 

1 r. BUT I ihall now pa.fs to the"fecond law 'of niotion ; 
wherein, when it is affected, that the velocity, with which. 
any 'body is m~ved by the aCl:~on of a power upon it, is pr~ 
portiooal to that power; the. degree of power is fuppofed to 
be meafur~d by the greatnefs of the body, which it can move. 
with a given celerity. So that the fenfe of this law is, that 
if any body w re put into motion with that degree of fwift
nefs, as to pafs in one hour the length of a thoufand yards,, ; 
the power, which would give the fame degree of velocity: t\() 
a body twice as great, would give this leffer body. twice the 
velocity ,. caufmg it to defcribe in the fame e of an hour 
two thoufand yards. But by a body twice as great as another,. 
I do not here, mean fimply of twice the bulk, but one that I ( 

~~~t~insta dou~le. qu~n~ty O~t ~olid ~atter. 
l 1&'" 

16. WHY the power, which can move a body twice as great' 
as another with the fame degree of velocity, fhould be called 

. twice as great as the power" which can give the leffer body 
,the fame v locity, is. evjdent. For if we ihould fuppof~ the 
greater body to be divided into two cqual parts, each equal 
to thG.leifer body, each of thefe halves will require the (anle' 

', degree of power to, move them with the velocity of the leae~ 
bodY2 as the leff"er body it felf t:equires;' and therefore both 

r thofc 



CHAP. I. PHI LOS 0 P H 37 
thofe halves, or the whole greater body, will requi e the 

. moving power to be doubled. 

I ' A T the moving power being in this fenfe doubled', 
lhoutd juft double likewife the velocity of the fame body" 
feetm near' as evident, if we cOfluder, that'the effed: of the 
power applied muil: needs be the ,fame, whether. that pow .r 
be applied to the body at once,. or in parts. Suppofi then the 
d~le power not applied to the body at. once,. but half of i~ 
bril:, and afterwards the other half; it is not conceivable fo 
w~at reafon the half lail: applied lhould come to have a dif
ferel1t effect upon the body, from that which is applied .firfl:; 
as it muil: have; if the v locity of the body was not juft dou
bled by the application of it So· far as. experience can d t f
mine, we fet:: nothing to favour fuch a fuppofition. We can
not indeed (by reafon of ·the conftant motion of t11e earth ) 
make trial up _ any body perfectly at r ft, wher by to fc e 
whether a power kpplied in that cafe would hay a different 
effeCt, from what it has, when the body is already moving; 
but we .find no alteration in the effc a: of the fame pow r on 
account of any difference there may be in the Inotion of the 
body, when the power is appli~d. The earth does. not al-
ways carry bodies. with the fante degree of velocity; yet we:: 
find the vifible effects of any power applied t the fame. bo-, 
dy to be at aU times the very fame: and a bale of goods, 0 

other nloveable body lying in a fhip is as ea6Jy removed 
korn place to place, while the 1hip is under fail):' if its motion 

/fr~dy, as when it is fixed at anchor .. 

8" 4 · OW . 

• 
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18. Now this experience is alone fufficient to fitew· to ,us' 
the whole of this law of motion~ 

19. SIN C E we find, that the fame power will ~lways pro
.c.uce the fame change in the motion of any body, whether 
that body were before moving with a fwifter or llower mo
tion; the change wrought in the motion of a body depen~ 
only on the power applied to it, without any regard to-the 
body's fonner motion: and therefore the degree of motion, 
which the body already poffdfes, having no influence on the 
power applied to difturb its operation, the dfell:s of the 
fame power will not only be the fame in all degrees of mo
tion of the body; but we have likewife no reafon to doubt, 
but that a body perfet11y at reft would receive from any pow
er as much motion, as would be equivalent to the effeCt of the 
fame power applied to that body already in n1:~tion. 

1..0. A G A I N, fuppofe a body being at reft, any number of 
equal powers fhould be fu<:ceffively applied to it; pulhing it 
forward from time to time in the fame courfe or diredion. 
Upon the application of the .firft power the body would begin 
to move; when the fecond power was applied, it appears from 
what has been faid, that the motion of the body would be
come double; the third power;, .would treble the motion of the 
body; and fo OD, till after the operation of the laftpowert:be 
Ination of the body. would be as many times the motioo, 
which the firfl: power gave it, as there are powers in nu,m~ 
And the effeCt: of this number of powers will be always the 

fame, 
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fame, without any regard to the fpace of time taken up in 
applying them,: fo that greater or leffer intervals between 
the a~n of each of thefe powers will produce no dif
fe~all in theirdfects. Since therefore the diftance of a . 

time between-the aCtion of each power 'is of no confequence " 
without doubt the effeCt will frill be the [arne, though the 
POW"ers fhould all be applied at the very fame infiant; or al
t~gh a fingle power iliould be applied ¢qual in ftrength: too, 
the~olleaive force of all thefe powers. Hence it plainly fol
lows, that the degree of motion, into which any body will 
be put out of 'a :flate of reft by any power, win be proportio
nal to that power. A double power will give twice the velo
eity, a treble power three times the velocity, and fo on.. The ' 
foregoing reafoning will equally take place, though the bo
sy were not ~ppofed to be at refl, when the powers began to , 
De applied to it ;,,,provided the direCtion; in which the powers 
were applied, c!ith~ confpired with the a8:ion of the body, or 
was directly oppofite to it. Therefore if any power be ap
plied to a moving body, and all: upon the body either in 
the diredion wherewith the body moves, fo as to accelerate 
the body; or if it ad: direCtly oppofite to the motion of the 
body, fo as to retard it: in-both there cafes the change of 
motion will be proportional to the power applied; nay, the 
augmentation of the _ motion in one cafe, and the dimi
nution thereof in the:other, will be equal to that degree of 
motion, intO .hichthe"Gtme power' would put~ the body, . had" 
it,~ atreft" 'when the power was applied~; 
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'~J. F ARTHE~,,'a power may be fo applied to a moving 
body, as to all: obliquely to the motion of the body. And 
th~effea:s o~ {uch an oblique m~tion may ,be de~~~d. from 
this obfervatIon; that as all OOdles are contInuallyl~g a
long with the earth, we fee that the vifible effeCts of the fame 
power are always the fame, in whatever direCl:ion the power 
.aCts: and therefore the vifible effects of any power upon a 
body, which feems only to be at rell:, is always to appearanS:-t 
the fame as the real effell: would be upon a body truly arleft. 
Now fuppofe a body were moving along the line AB (in 
fig. 1..) and the eye accompanied it with an, equal motion in 
the line CD equidiftant from A B; fo that when the body is 
.at A, the eye {hall be at C, and when the body is advanced to 
E in the line AB, the eye {hall be advanced to F in the line 
CD, the difiances A E and C F being equal. • It is evident, 
that here the body will appear to the eye to be at refl:; and 
the line FE G drawn from the eye through the body {hall feem 
to the eye to be imnlOveable ; though as' the . body and eye 
move forward together, this line {hall really alfo move; fo 
that when the body {hall be advanced to H and the eye to K, 
the line FE G fhall be transferred into the fituation K H L, 
this line K H L being equidiftant from FE G. Now if thebo
dy when at E were,to receive an impulfe in the diredionof 
the line FE G; while the eye is moving on from F to A and 
carrying along with it the line FE G, the body will appear to 

the eye to move along this line F E G: for this is what bas juft 
now been ('lid; that while bodies are moving along with the 
elrth, and the fpectator's eye partakes of the fame motf6.t~ .. 
the f.!ttect of any power upon the body will appear to be what' 

it 



CnAP. I. PH I LOS 0 P H Y. 
it 'Would really have been, had the body heen truly at refl, 
when ~e~er' was applied. From hence it follows, that 
whell'~e is advanced to K, the body will appear fome
where in the line K H L. Suppofe it appear in M ; then it is 
manifeft, from what has been premifed at the beginning of 
~is paragraph, that the diflance HM is equal to what the 
~would have run upon the line E G, during the time, 
where1h the eye haspaffed from F to K, provided that the b0-
dy had been at reft, when alted upon in E. If it be farther 
asked, after what manner the body has moved from E to M ~ 
I anfwer, through a ftraight line; for it has been fhewn above 
in the explication of the hrft law of motion, that a mov·, 
ing body, trom the time it is left to it felf, will proceed on in 
tOne continued ftraight line. 

11. I pEN I1e taken equal to H M and N}'1: be drawn; 
• 

!inee H Mis equidiftant from EN, N M will be equidiftant 
from RH. Therefore the effea: of any power upon a nl0ving 
body, when that power atl:s obliquely to the nlotion of the 
body, is to be determined in this manner. Suppofe the bo
dy is moving along the il:raight line A E B, if when the body is 
£ome to E, a power gives it an impulfe in the direCtion of the 
line E G, to find what courfe the body will afterwards take 
we muft proceed thus. Take in EB any length EB, and in 
E G take fucha lengthB N, that if the body had been at refl: 
in E, ·the power applied to it would have caufed it to move 
()~ N in thefame fpace of time, as it would have employed 
~paffingover E H, if the power had notaded at all upon it. 
Then. draw H L equidifiant &o!) E G, and N M equidiftant 

(; from 
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fronl E B. After this, if ' a line be drawn fronl E to ·the 
point M, where thefe two lines meet, the line ~ ,win be the 
courfe into which the body will be put by the a~~of the 
power upon it at E. 

2. j. A MAT HEM A TIC A L reader would here expeCt in 
fome particulars more regular demonftrations; but as J ... ~o 
not at prefent addrefs my felf to fuch, fo I hope, wha~ have 
now written will render my meaning evident enough to ·thofe. 
who are unacquainted with that kind of reafouing. 

'1.4, Now as we have been !hewing, that fome a8:ual 
force is nece:lfary either to put bodies out of a flate of refl in
to motion, or to change the motion, which they have once 
received; it is proper here to obferve, that this quality in bo
dies, whereby they preferve their prefent flate, with regard 
to Inotion or fefl, till fome aCtive force difturb them, is cal
led the VIS IN E R T I A F. of matter: and by this property, mat
ter, fluggifh and unaClive of it felf, retains all the power im
preffed upon it, and cannot be made to ceafe from aCl:ion,but 
by the oppofttion of as great a power, as that which firfl: mov
ed it. By the degree of this v lSI N E R T I A E, or power of inac
tivity, as we fhall henceforth call it, we primarily judge of 
the quantity of folid fllatter in each body; for as this quality is 
inherent in all the bodies, upon which we can make any trial, 
we conclude it to be a property elfential to all matter; and 
as we yet know no reafon to filppofe, that bodies are CO~~
fed of different kinds of matter, we rather prefunle, that 
the matter of all bodies is ~e fame; and that the degree of 

this 
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t\lis power of inactivity is in every body proportional to the 
.1tJantity of the folid matter in it. But although we have no 
abfolute p~f, that all the matter in the univerfe is uniform, 
an~ltes this power of inaCtivity in the fame degree; yet 
we can with certainty compare together the different degrees 
of this power of inactivity in different bodies. Particularly 
this power is proportional to the weight of bodies, as Sir ISAAC 

" ~EWTON has demonfirated J. However, notwithftanding 
th~this power of inaClivity in any body can be more certain
ly known, than the quantity of folid matter in it; yet fincc, 
there is no reafon to fufpeCt that one is not proportional to the 
other, we fhall hereafter fpeak without hefitation of the quan
tity of matter in bodies, as the nleafure of the degree of their 
power of inaCtivity. 

1. j. T HIS being efiabliihed, w'e nlay now cOlnparc the 
effeCts of the faine power upon different bodies, as hither
to we have {hewn the effects of diflerent pow'ers upon the 
lame body. And here if we lilnit the word 1110tion to the 
peculiar fenfe given to it in philofophy, we may comprehen~ 
all that is to be faid upon this head under one thort precept; 
that the [arne power, to whatever body it is applied, wiH aI-
ways produce the fame degree of motion. But here motion 
does not lignify the degree of celerity or vdocity with which 
a body moves, in which fcnfe only we have hitherto u[ed it; 
but it is made ufe of particularly in philofophy to fignify the 
force with which a body moves: as if two bodies A and B be-

a Prine. Philof. L. II. prop. 2+. coroL 7 _ Sec alfo B. 11. Ch. 5. § 3· oC this Irc.Hi .... 

G 1. mg 
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ing in motion, twice the force would be required to ,flop A · 3:S 
to fiop B, the motion of A would be efieemed double thq. 
motion of B. In moving bodies, thefe two thin!!{ are care-' 
fully to be diftinguifhed; their velocity or celerity, ~'is 
meafured by the fpace they pafs through during any deternli
nate portion of time; and the9.~~aI)tity of their motion, or 
the force, with which they will prefs againft any rdlftancc. 
Which force, when different bodies move with the func vC;,.. 

locity, is proportional to ,the quantity of f_ .'natti!Ti~(h~ 
bodies; but if the bodies are equal, this force i~, :!Jroportio
nal to their refpeB:ive velocities, and in other cafes it is pro
portional both to the quantity offolid matter in the body, and 
alfo to its velocity. To inftance in two bodies A and B: if A be 

, twice as great as B, and they have both the fame velocity, the 
motion of A fhall be double the motion of B; a.nd if the b0-
dies be equal, and the velocity of A be twice that of B, the 
motion of A fhall likewife be double that of B-; but if A be 
twice as large as B, and move twice as fwift, the motion of A 
will be four times the motion of B; and laftly, if A be twice 
as large as B, and move but h~lf as faft, the degree of their 
motion thaIl be the fame. 

'1.6. TH I s is the particular fenCe given to the word motion 
by philofophers, and in this fenfe of the word the fame pow
er always produces the [arne quantity()~ degree of [~notion. If 
the fame power act upon two bodies A alld 'B, . the velocities, 
it thall give to each of the~, fl,laIl be fa adjuRed to the refpec
rive bodies, that the fame 4~gree of motion /hall be produf:ed 
in each. If A be twice as great as B, its velocity iliall be h~ '" 

that 
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t\tat of B; if A has three times as much fotid matter as B, the 
.felocity of A than. be one third of the velocity of B; and ge
herally th~ velocity given to A {hall bear the fame proportion 
t~~~locity given to B, as the quantity of folid matter can ... 
tained in the body B bears to the quantity of [olid matter cont
tained in A. 

~ro'l. 7· THE rearon of all this is evident from what has gone' 
belQre. If a power were applied to B, which 1hould bear' 
the fame proportion to· the power applied to A, as tht! body B 
bears to A, the bodies B and A would both receive the famt~ 
velocity; and the velocity, which B will receive from this 
power, will bear the [rune proportion to the velocity, which 
it would receive· trom the aCtion of the power applied toA, 
as the for~r of thefe powers bears to the· latter: that is, . 
the velocity, which A receives from the power applied to it) 
will bear to the velocity, which B would receive from
the fame power,,, the fame proportion as the body B bears. 
toA. 

28. FROM hence we may now palS to the third law of ' 
motion, where this diftindion between the velocity of a bo- . 
dy and its whole motion is farther neceffary to be regarded, as 
ihall immediately be {hewn; after. having hrll: illuftrated the 
meaningof this law by a familiar illftance. If a ll:one or a
ther load be drawn .. by a horfe; the Joad re-ads upon the horle" 
as much as the horfe aCts upon the load; for the harnefs, . 
Ylhich is ftrained between them, preffes againll: the hor[e as _ 
~uch as againft the load; and the progreffive motion of the 

harfe. 
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horfe fonvard'is hindred,as much by the load, as the motio'n 
of the load is promoted by the endeavour of the hor[e: . th;,~, 
is, if the horfe put forth the fame firength~ whe\,- loofcn.c~ 
from the load, he would move himfelf forwards wicl!-gr~<th' 
fwiftnefs in proportion to the difference between the weight 
of his own body and the 'weight of hilnfelf and load to
gether. " 

29. T HIS infiance will afford fome general notion oUle 
nu~aniJlg of this law. But to proceed to a more philofophi
cal explication: if a body in motion ftrike againft another at 
refl:, let the body {hiking be ever fo fmall, yet {ball it com
municate fome degree of Illotion to the body it {hikes againft, 
though the Ids that body be in comparifon of that it impin
ges upon, and the lefs the velocity is, with which it moves, 
the final1er will be the Inotion communicated. But whatever 
degree of Dlotion it gives to the relling body, the fame it 
ilialliofe it felf. This is the neceB.ary confcquence of the 
forenlentioned power of inactivity in matter. For fuppofe 
the two bodies equal, it is evident from the time they meet, 
both the bodies are to be moved by 'the fingle motion of the 
firfi; therefore the body in rnotion by means of its power of 
inactivity retaining the Illotion flrfi given it, {trikes upon the 
other with the h1.me force, wherewith it was aCted upon it 
felf: but now both the bodies being to be moved by that ,. 
force, which before nl0ved one only, the enfuing velocity 
will be the fatlle, as if the power, which v .. ·as applied to one 
of the bodies, and put it into motion, had been applied1iQ 
both; whence it appears, that they will proceed forwards; ' 

j with 
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jrith half the velocity, which the body firO: in motion had: 
~~lat is, the body firll: flloved will have loft half its tnotion, 
~i~:ld th~"other will have gained exactly as much. This rule 
is ]00, provided the bodies keep contiguous after rneeting; as 
they would always do, if it were not for a certain caufe that 
often intervenes, and which mull now be explained. Bodies 
upon ftriking againft each other, [uffer an alteration in their 
'flg~re, having their parts prefied inwards by the firokc, which· 
for the nl0fi part recoil again afterwards, the bodies endea
-wouring to recover their fornler {hare. This power, whereby 
bodies are inablt.·d to regain their firfi figure, is ufually called 
their elafticity, and when it aas, it forces the bodies frotn, 
each other, and cau[es theIn to feparate. Now the eifec'1 of 
this elafiicity in the prefent cafe is [ueh, that if the bodies are 
perfe&lyelaRie, fo as to recoil with as great a force as they 
are bent with, that they recover their figure in the £'lme 4)ace 
of tinle, as has been taken up in the alteration made in it by 
their conlpreffion together; then this power will feparate the 
bodies as [wifdy, as they before approached, and atting up
on both equally, upon the body firft in nl0tion contrary to 
the direCtion in which it moves, and upon the other as much 
in the direCtion of its motion, it will take from the tirft, and' 
add to the other equal degrees of velocity: fo that the power· 
being {hong enough to feparate them with as great a velocity,. 
as they approached with, the hrfi will be quite fiopt, and 
that which was at relt, will receive all the motion of the 
other-. If the bodies are elaftic in a lefs degree, the tirfi: will· 
not lofe all its motion, nor will the other acquire the Illotion 
of the full:, but fall as much fhort of it,. as the other retains. 

For 



Sir ISAAC NEWTON'S BoOK 1. 
For this rule is never deviated from, that though the degrde 
of elafticity determines how much more than half its veloc{~ 
tythe body firft in motion Lhalllofe; yet in every ~{(~ l:r': 

lofs in the motion of this body Lhall be transferred to the otHer, 
that other body always receiving by tlle ftroke as much mo-
tion, as is taken from the tirtl. 

3 o. T HIS is the cafe of a body firiking direetly againft,:}':; 
~qual body at reft, and the reafoning here ufed is fully t~.~n
firmed by experience. There are many other cafes of bodies 
impinging againft one another: but the mention of tht{e 
ihall be referved to the next chapter, where we intend to be 
more particular and diffufive in the proof of thefe laws of mo
tion, than we have been here. 

C HAP. II. 

Farther proofs of ' the LAWS of MOTION. 

H A V I N G in the preceding chapter deduced the three 
laws of motion, delivered by our great philofopher, 

from the Inoft obvious obfervations, that fuggefi them to us ; 
I now intend to give more particular proofs of them, by re
counting fome of the difcoveries which have been rnade in 
philofophy before Sir I S A A C NEW TON. For as they were 
.all collected by reafoning upon thofe laws; fo the conformity 
<>f thefedifcoveries to experience makes thein fo many proofs 
of the truth of the principles, from which they were derived. 
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'1. LET us begin with the fubjeCt, which concluded the 

l#ft' chapter. Although the body in nlotion be not equal to 
t~e body at refl, on which it {hikes; yet the motion after 
J;i~ firake is to be eftimated in the fame luanner as above. 

" " 

Let A (in fig. 3.) be a body in motion towards another body 
B lying at Tefl:. When A is arrived at B, it cannot proceed 
farther without putting B into lnotion; and what 111otioll it 
g,~ves to B, it mufl: lofe it [elf, that the whole degree of mo
tioilJ>f A and B together, if neither of the bodies be claftic, 
fhall be equal, after the meeting of the bodies, to the fingle 
Inotion of A hefore the flroke. Therefore, frOIll what has 
been faid above, it is manifeft, that as foon as the two bodies 
are nlet, they will nlove on together with a velocity, which 
will be;}r the fame proportion to the original velocity of A, as 
the body A b~ars to the fUln of both the bodies. 

j. I F the bodies are e1afiic, fb that they {hall feparate af
ter the '(hoke, A mufl: lofe a greater part of its Inotion, and 
the fubfcquent Inotion of B will be auglnented by this clafii
city, as lnuch as the Inotion of A is dimini.ihed by it. The 
clafiicity aCting equally between both the bodicc) it will com
municate to each the fu.nlc degree of motion; that is, it will 
feparate the bodies by taking fronl thc body A and adding to 
the body B different degrees of velocity, [0 proportioned to 
their rcfpeCtive quantities of matter, that the degree of 1110-

tion, wherewith A fcparatcs from B, {hall be equal to the de
gree of motion, wherewith B feparates from A. It follows 
therefore, that the Vt~locity taken ii·oIll A by the elafticity 
bears to the velo(:ity, which the ['une elafticity adds to B, the 

'H flIne 
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fame proportion, as B bears to A: confequcntly the vetocit)' ~. 
which the elafiicity takes from A, will bear the ['une prOpfJJ. 
tion to the whole velocity, \vhcrcvvith this elafiicity cauies ;}:. 
two bodies to feparatc from each other, as the body B bears., ', 
the filln of the tv~'o bodies A and B; ano the ve1ocity, w!lV.: 
is added to B by the elafiicity, bears to the velocity, when .. 
with the bod tcs fcparatc, the ['une proportion, as the bod'" '\ 
bears to the fum of the two bodies A and B. Thw; is fOk d 1 

how Inuch the elafticity takes trOln the vdocity of A, /.,.1!<; 
adds to the velocity of B; provided the degree of dafticity i ", 
known, wherehy to detcrrnine the whole velocity wherewith 
the bodies feparate fronl each other after the ftroke a. 

4. AFT E R this Inanner is determined in every cafe the re
[ult of a body in nlotion {hiking againfi another at refl:. The 
fame principles will a1fo dcternlinc the effects, ' when both 
hodies are in motion. 

r. LET two equal bodies lllove againfl: each other with e
qual fwiftnefS. Then the force, with which each of thenl 
preffes forwards, being equal when they firike; each preff
jng in its own direCtion with the [an1e energy, neither {hall 
furrnount the other, but both be fiopt, if they be not clafiic: 
for if they be elafiic, they ihal1 tronl thence recover new mo
tion, and recede frOITI each other, as fwifrly as they met, if 
t.hey be perfectly elafiic; but 1110re flowly, iflefs fo. In the 
fame manner, if two bodies of unequal bignefs ftrike againfi: 
each other, and their velocities be fa related, that the velocity 

How this degrtt of ~ftKity is to be fO\\ndby experiment, will be lhewn below in § H . 

of 
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of the leffer body {hall exceed the velocity of the greater in 
tr-e fame proportion, as the greater body exceeds the leffer (for 
i\lftance, if one body contains twice the folid nlatter as the 0-

tB~~, and moves but half as [1ft) two filch bodies will entire-
1 y fupprefs each other's Inotion, and renlain froln the time of 

. their meeting fixed; if, as before, they are not claltic: but, 
if they are fo in the higheft degree, they lhall recede again, 
~~ch with the h'une velocity, wherewith they nlet. For this 
eiafiv,:: power, as in the preceding cafe, {hall renew their mo
tIon, and preffing equally upon both, {hall give the hlmenlG
tion to both; that is, fhall caufe the velocity, which the leficr 
body receives, to bear the hUl1e proportion to the velocity, 
which the greater receives, as the greater body bears to thc 
le!fer: [0 that the velocities fhall bear the {hnle proportion to 
each other afq;T the {hoke, as before. Therefore if the bodies, 
by being p~rfealy elaftic, have the filln of their velocities 
after the ftroke equal to the U1l1l of their velocities before the 
lhoke, each body' after the lhoke will receive its hrfi veloci
ty. And the [anle proportion will holctlikewifc hCDNcen the 
velocities, wherewith they go off~ though they arc ebfiic hut 
ill a lefs degree; only then the velocity of etch \v~l1 he 1c{; in 
proportion to the defeCt of elafl.:icity. 

6. I F the velocities., wherewith the bodies meet, arc ji!.t 

in the proportion here [uppofed; but if one of the bodi~s) ;b 

A, has a fwifter velocity in comparifon to the velocity of the 

other; then the effeet of this excefs of velocity in tIle body A 
nlUft be joined to the effeCt now mentioned, after the manner 
of this following example. Let A be twice as great as B, and 

H 'l. mO\T 
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move with the fam&fwiftnefs as B. Here A nloves with twice 
that degree of [wifrneCs, which would an[wer to the foremen-;
tioned proportion.. For A heing double to D, if it ~ jlOVC( 
but with half the f\viftncis, wherewith B advances, it k!\ htl r 

l 

juft now {hewn, that the two boclics lipan meeting \I 'ould 

fiop, if they were not claftic; and if they were elafiic, that 
they would each recoil, fo as to cauf.;; A to return with half 
the velocity, wherewith B would return. But it is evident 
fronl hence, that B by encountring A wiI) annul half its 'V'e1o
city, if the bodies be not elaftic; and the future motion of the 
bodies will be the [arne, as if A had advanced againft B at 
reft with half the velocity here affigned to it. If the borties 
be elaftic, the velocity of A and B after the {hoke may be thus 
difcovered. As the two bodies advance againft each other, 
the velocity, with which they meet, is made up of the velo
cities of both bodies added together. After the {hoke their 
elafiicity will feparate thenl again. The ~egree of e1afticity 
will determine what proportion the velocity, wherewith they 
feparate, muft bear to that, wherewith they n1eet. Divide 
this velocity, with which the bodies feparate into two parts, 
that one of the parts bear to the other the fame proportion, as 
the body A bears to B; and afcribe the leifer part to the great~ 
er body A, and the greater part of the velocity to the. Ieifer 
body B. Then take the part afcribed to A from the COlnmon 
velocity, which A and B would have had after the ftroke, if 
they had not been elaftic; and add the part afcribed to B to 
me fame common velocity. By this means the true velocities 
of A and B after the ftroke will be made known. 
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7. I F the; bodies are perfectly eIafl:ic,' the great H u Y G ENS 

I,a, s laid down this rule for finding their motion after, con
~urfea. Any Ilraight line CD (in fig. 45 j.) being drawn, 
le2-it be divided in E, that C E bear the faule proportio~ to 
ED, as the fwiftnefs of A bore to the fwiftne[<; of B before the 
firokc. Let the fatne line CD be alfo divided in F, that C F 

bear the faIlle proportion to F D, as the body B bcars to the 
body A. Then F G being taken equal to FE, if t11C point G 
falls within the line C D, both the bodies thall recoil after the 
{hoke, and the velocity, wherewith the body A £hall return, 
will bear the tame proportion to the velocity, wherewith B 

fhall return, as G C bears to G D; but if the point G falls with
out the line C D, then the bodies after their concourfe ihall 
both proceed to move the fame way, and the velocity of A 

{hal1 bear to the velocity of B the faIlle proportion, t11at G C 

bears to G D, as before. 

8. I F the body R had frood frill, and received the impulfe 
of the other body A upon it; the effeCt has been already ex
plained in the cafe, when the bodies arc not elaftic. And 
when they are elaftic, the refult of their collifion is found by 
combining the effeCt of the e1afiicity with the other effeCt, in 
the fame manner as in the laft cafe. 

9. W HEN the bodies are perfeCtly elaftic, the rule of 
1-1 U Y G ENS b here is to divide the line CD (fig. 6.) in 1J. as 
before, and to take II G equal to :$ Do And by thefe points 

2 In oper. pofth1i1n. de Motu corpor. ex per- I b In the above-cited place. 
eLlmon. prop. 9. 

thus 




