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works, before we inquire into their make, ftrike uswith
the moit hVely ideas of beauty and magmﬁcence - .

3 By if there be fo ftrong a paﬂion mcontemplative
minds for natural phllofophy ;all fuch muft certainly receive a
particular pleafure in being informed of Sir Fsaac Newron's
difcoveries, - who alone has been able to make any great
adyancements in the true courfe leading to natural. know-
led : whereas this important fubjet had before been u-
ﬁ1ally attempted with that negligence, as cannot be re-
fleed on without furprize. . Excepting a very few, who, by
purfuing a more rational method, had gained a little true
knowledge in fome particular parts of nature; the: writers in
this fcxence 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 conjectures; and if upon -
comparing them with things, there appeared fome kind of a-
greement, though very imperfed, it was held fufficient. Vet
at the fame time nothing lefs was undertaken than intire fy-
ftems, and fathoming at once the greateft depths of nature ;.
as if the fecret caufes of natural effeéts, contrived and framed’
by infinite wifdom, could be fearched out by the flighteft
endeavours of our weak underftandings. Whereas the only
method, that can afford us any profpe& of fuccefs in this
difficult work, is to make our enquiries with the utmoft
caution, and by very flow degrees. And after our moft dili-
gent labour, the greateft part of nature will, no doubt, for e-
ver remain beyond our reach.
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knowledge, joined with the prefumption to attempt, w;:
was quite out of the power of our limited faculties, the Lord
B acon judicioufly obferves to be the great obftruion to the
progrefs of {cience®. Indeed that excellent perfon was the firft,
- who exprefly writ againft this way of philofophizing ; and he
has laid open at large the abfurdity of it in his admirable treatife,
intitled NovuM oRGANON scIENTIARUM; and has there

likewife deferibed the true method, which ought to be followed.

. 5. THEeRE are, faith he, but two methods, that can be
taken in the purfuit of natural knowledge. One is to make
a hafty tranfition from our firft and flight obfervations on
things to general axioms, and then to proceed upon thofe
axioms, ascertain and unconteftable principles, without far-
ther examination. = The other method; (which he obferves
Be the only true one, but to his time unattempted ;) is to
proceed cautioufly, to advance ftep by ftep, referving the
moft general principles for the laft refult of our inquiries ®
Concerning the firft of thefe two methods; where objections,
which happen to appear againft any fuch axioms taken up in
hafte, are evaded by fome frivolous diftinétion, when the ax-
iom it-felf ought rather to be corrected © ; 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 expreffes himfelf ) cannot afterwards be remedied ¢
whereby he would fignify to us, that if we fet out in a

4 Aph, 30. Errores radicales & in prima di-
geftione mentis ab excellentia funétionum & re-
mediorum fequentium non curantur.

wrong

s Nov. Org. Scient. L. i, Aphorifm. 9.
» Nov. Org. L. 1. Aph. 19. .
¢ Ibid. Aph. z5.
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¢ INTRODUCTION.
wrong way ; no -. diligence or art, we can ufe, while we
follow fo erroncous a courfe, will ever bring us to our de-
figned end. And doubtlefs it cannot prove otherwife; for
in this {pacious field of nature, if once we forfake the true

path, we fhall immediately lofe our felves, and muft‘for
ever wander with uncertainty. )

6. Tux impoflibility of fucceeding in fo faulty a method
of philofophizing his Lord{hip endeavours to prove from the
many falfe notions and prejudices, to which the mind of man
is expofed ®. And fince this judicious writer apprehends, that
men are {o exceeding liable to fall into thefe wrong traéts 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 ® ; I truft, I {hall be excufed, if, by infifting.a little par-
ticularly upon this argument, I endeavour to remove what-
ever prejudice of this kind, might poflibly entangle the mind

of any of my readers. ~

#. His Lordfhip has reduced thefe prejudices and falfe
modes of conception under four diftinét heads .

8. T ue firft head contains fuch, as we are fubje& to from

the very condition of humanity, through the weaknefs both

of our fenfes, and of the faculties of the mind ¢; feeing, as
this author well obferves, the fubtilty of nature far exceeds
the greateft {ubtilty of our fenfes or acuteft reafonings ¢, One

* Aph. 38, 4 Aph. 41.
b Ibid, ¢ Aph. 10, 24.
¢ Aph. 39.
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INTRODUCTION, .

of the falfe modes of conception, which he mentions un-
dert.hxs head, is the forming to our felves a fanciful fim-
. Plicity and regularity in natural things. This he illuftrates
' by the follewing inftances ; the conceiving the planets to
move in perfec circles; the adding an orb of fire to the o-
ther three elements, and the fuppofing each of thefe to ex-
ceed the other in rarity, juft in a decuple proportion *,
And of the fame nature is the affertion of Des CarTEs,
without any proof, that all things are made up of three
kinds of matter only®, As alfo. this opinion of another.
philofopher ; that light, in- pafling through different me-
diums, was refracted, fo as to proceed by that way, through
which it would move more fpeedily; than through any o-
ther ¢, The fecond erroneous turn of mind, taken notice of
by his Lordfhip under this head, is, that all men are in fome
degree prone to a fondnefs for any notions, which they have
oncg imbibed ; whereby they often wreft things to reconcile
: an to thofe notions, and negle@ the confideration of what-
ever will not be brought to an agreement with them ; juft as
thofe do, who are addicted to judicial aftrology, 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 {lip out of their minds all in--
ftances, that make againft them?. There isalfoa fartherimpe-
diment to true knowledge, mentioned under the fame head by
this noble writer, which is; that whereas, through the weak-
nefs and imperfection of our fenfes, many things are concealed

s Aph. 45.

' ¢ Fermat, in Oper. pag. 156, &c.
¥ Des Cartes Princ. Phil. Part.3. §. 52. ]

4 Nov. Org. Aph. 46.
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fmm&he, which have the great:eﬂ: effect in pmd’u
appearances ; our minds are ordinarily moft affe&edi)y
that, which makes the ftrongeft impreffion on our organs
of fenfe; whereby we are apt to judge of theweal impor- -
tance of things in nature by a wrong meafure *, - So, becaufe
the figuration and the motion of bodies ftrike our fenfes maore
immediately than moft of their other properties, Dgs Cartes
and his followers will not allow any other exphcation of natu-
ral appearances, than from the figure and motion of the parts
of matter. By which example we fee how juftly his Lord-
fhip obferves this caufe of error to be the greateft of any®;
fince it has given rife to a fundamental pnncxple in a fyﬁem
of philofophy, that not long ago obtained almoﬁ an univer-
{al reputation.

9. TrEst are the chief branches of thofe obftructions to
knowledge, which this author has reduced under his £rft
head of falfe conceptions. ~ The fecond head contains e
crrors, . to'which particular perfons are more efpecially obno-
xious .. One of thefe is the confequence of a preceding ob-'
fervation:  that as we are expofed to be captivated by any opi-
nions, “which have once taken pofieflion of our minds; fo in
particular, natural knowledge has been much corruytcd by
the ftrong attachment of men to fome one part-of {cience,
of which they reputed themfelves the inventers, or about
which they have fpcnt much of their time; and hence have
b\'fmapt to conceive it to be of grmtcr ufe in the ﬂ'udy of na-
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tural philofophy than it was : like ArisToTLE, Who redu-
ced his phyfics to logical difputations ; and the chymifts, who
thought, that nature could be laid open only by the force
of their fifes®. Some again are wholly carried away by an
exeeflive veneration for antiquity ; others, by too great fond-
nefs for the moderns ; few having their minds fo well balanced,
as neither to depreciate the merit of the ancients, nor yet to
defpife the real improvements of later times . To this is
added by his Lordfhip a difference in the genius of men,
that fome are moft fitted to obferve the fimilitude, there is in
things, while others are more qualified to difcern the 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 upon the grofs and fum of things, and the other
upon trifling minutenefles and fhadowy diftinctions ©,
T,
»==+ 10, UnDER 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 great
ambiguities and uncertainties in philofophical debates (as ano-
ther eminent philofopher has fince fhewn more at large ;) in-
_ fomuch that this our author thinks a ftri¢ defining of terms te
be fcarce an infallible remedy againft thisinconvenience®, 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 felf {o conftantly to

* Aph. 4 Locke, On human underftanding, B. iii.
b Aph 52 i ¢ Nov. Org. Aph. 59.
f Apeas
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10 INTRODUCTION

the mind, as to require great caution and circumf{pedtion
for us not to be deceived thereby. Of this we have a wery
eminent inftance in the great difputes, that have been raifed /
about the ufe of the word attraction in phllofophy, of which |
we fhall be obliged hereafter to make particular mention *
Words thus to be guarded againft are of two kinds. Some
are names of things, that are only imaginary ®; fuch words
are wholly to be rejected. But there are other terms, that al-
lude to what is real, though their fignification is confufed ©.
And thefe latter muft of neceflity be continued in ufe; but
their fenfe cleared up, and freed, as much as poffible, from
obfcurity.

11. Tue laft general head of thefe errors comprehends
fuch, as follow from the various fects of falfe philofophies ;
which this author divides into three forts, the {ophiftical, em-
pirical, and fuperftitious ¢. By the firft of thefe he mears—
a philofophy built upon fpeculations only without experf==-,
ments ¢ ; by the fecond, where experiments are blindly ad-
hered to, without proper reafoning upon them ; and by
the third, wrong opinions of nature fixed in mens minds ei-
ther through falfe religions, or from mifunderftanding the
declarations of the true &

12. Tuese are the four principal canals, by whlch this ju-
dicious author thinks, that philofophical errors have flowed in
upon us. And he rightly obferves, that the faulty method of

b Nov: Org L1 Agh. " Abi 61
ov L 59- ph. 64.
rbld.AprthO ; & Aph. 65.
‘lbld Aph. 62. G
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INTRODUCTION, I

proceeding in philofophy, againft which he writes %, is fo far
fromeaffifting us towards overcoming thefe prejudices ; that
he apprehends it rather fuited to rivet them more firmly to the
mind®. How great reafon then has his Lordfhip to call this
way of phllofophtzmg the parent of error, and the bane of
all knowledge ? For, indeed, what elfe but miftakes can fo
bold and prefumptuous a treatment of nature produce? have
we the wifdom neceflary to frame a world, that we fhould
think fo eafily, and with fo flight a fearch to enter into the moft
fecret fprings of nature, and difcover the original caufes of
things ? what chimeras, what monfters has not this prepofte-
rous method brought forth ? what {chemes, or what hypothe-
fis’s of the fubtileft wits has nota ftricter enquiry into nature not
only overthrown, but manifefted to be ridiculous and abfurd ?
Every new improvement, which we make in this {cience, lets
us fee more and more the weaknefs of our guefles. Dr.Harvey,
“By-that one difcovery of the circulation of the blood, has
« diffipated all the fpeculations and reafonings of many ages up-
on the animal oeconomy. AsteLLius, by deteting the la-
&eal veins, fhewed how little ground all phyficians and phi-
lofophers had in conjecturing, that the nutritive part of the
aliment was abforbed by the mouths of the veins fpread upon
the bowels : and then PecqueT, by finding out the thora-
cic dud, as evidently proved the vanity of the opinion, which
was perfifted in after the laceal veflels were known, that the
alimental juice was conveyed immediately to the liver, and
there converted into blood.

4
2. See above, § 4, ¢ Ibid.
”NovOrngAph69 ,
Ca2 13. As



12 INTRODU CTION

13. As thefe things fet forth the great abfurdity of pro-
ceedingin philofophy on conjeures, by informing us how far
the operations of nature are above our low conceptions; {o:

on the other hand, fuch inftances of fuccefs frfom a more
judicious method fhew us, that our bountiful maker has !

not left us wholly without means of delighting our felves in.

the contemplation of his wifdom. That by a juft way of

inquiry into nature, we could not fail of arriving at difcoveries.
very remote from our apprehenfions; the Lord Bacon him-
felf argues from the experience of mankind. If, fays he, the
force of guns fhould be defcribed to any one ignorant of
them, by their effe&s only ; he might reafonably fuppofe, that
thofe engines of deftruétion were only a more artificial com--
pofition, than he knew, of wheels and other mechanical
powers: but it could never enter his thoughts, that their
immenfe force fhould be owing to a peculiar fubftance,

which would enkindle into fo violent an explofion, as jue—-

experience in gunpowder: fince 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 furpafling any art of

man to imitate. In the fame manner, if a ftranger to the ori-
ginal of filk were thewn a garment made of it, he would be

very far from imagining fo ftrong a fubftance to be fpun out
of the bowels of a fmall worm ; but muft certainly believe
it either a vegemble {fubftance, hke flax or cotton; or the na-
tural covering of {ome animal, as wool is of fheep. Or had
we been told, before the invention of the magnetic needle.

among us, that another people was in pofieflion of a certain
contrivance

\ P \
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INTRODUCTION. 13

contrivance, by which they were inabled to difcover the po-
fitiop of the heavens, with vaftly more eafe, than we could
do ; what could have been imagined more, than that they
were providéd with fome fitter aftronomical inftrument for

> this, purpofe than we? That any ftone {hould have {fo amaz-
ing a property, as we find in the magnet, muft have been
the remoteft from our thoughts *

14. But what furprizing advancements in the knowledge:
of nature may be made by purfuing the true courfe in philo-~-
fophical inquiries; when thofe fearches are conduced by a
genius equal to fo divine a work, will be beft underftood by
confidering Sir Isaac NewTon’s difcoveries. That my
reader may apprehend as juft a notion of thefe, as can be con-
veyed to him, by the brief account, which I intend to lay be-
fore him; I'have fet apart this introducion for explaining, in

—~the fulleft manner I am able, the principles, whereon Sir
Isaac NewronN proceeds. For without a clear concep-
tion of thefe, itis impoffible to form any true idea of the
fingular excellence of the inventions of this great philofopher.

1 5. THe principles then of thisphilofophy are ; upon no con-
fideration to indulge conjetures concerning the powers and
laws of nature, but to make it our endeavour withall 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 diftinguifh, what he fees to be within his power, from what.

a Ibid. Aph. 109.

4*_ : ; is
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14 INTRODUCTION.

is beyond his reach ; to affume no greater degree of know-
ledge, than what he finds himfelf poflefied of; but toadvance
by flowand cautious fteps; tofearch gradually into natural cauf-
es ; to fecure to himfelf the knowledge of the moft immediate
caufe of each appearance, before he extends his views farther
to caufes more remote. This is the method, in which philofo-
‘phy ought to be cultivated ; which does not pretend to fo great
things, as the more airy {peculations; but will perform abun-
dantly more : we fhall not perhaps feem to the unskilful to
know fo much, but our real knowledge will be greater. And
certainly it is no objetion againft this method, that {fome o-
thers promife, what is nearer to the extent of our wifhes: fince
this, if it will not teach us all we could defire to be informed
of, will however give us fome true light into nature ; which no
other can do.  Nor has the philofopher any reafon to think
his labour loft, when he finds himfelf ftopt at the caufe firft

difcovered by him, or at any other more remote caufe, {liort

of the original : for if he has but fufficiently proved any one
caufe, he has entered {o far into the real conftitution of things,
has laid a fafe foundation for others to work upon, and
has facilitated their endeavours in the fearch after yet more

diftant caufes; and befides, in the mean time he may apply

the knowledge of thefe intermediate caufes to many ufeful

purpofes. Indeed the being able to make practical dedu-

&ions from natural caufes, conftitutes the great diftinétion

between the true philofophy and the falfe. Caufes af-
fumed upon conje@ture, muft be fo loofe and undefined,
that nothing particular can be collected from them. But thofe
caufes, which are brought to light by a ftri& examination

g
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INTRODUCTION. 15

of things, will be more diftin&.  Hence it appears to have
been fo unufeful difcovery, that the afcent of water in pumps
is owing to_the preffure of the air by its weight or fpring ;
though the caufes, which make the air gravitate, and render
_ it elaftic, be unknown : for notwithftanding we are igno-
rant of the original, whence thefe powers of the air are de-
rived ; yet we may receive much advantage from the bare
knowledge of-thefe powers. If we are but certain of the de-
gree of force, wherewith they a&, we fhall know the exterit of
what is to be expeéted from them ; we {hall know the greateft
height, to which it is poflible by pumps to raife water; and.
{hall thereby be prevented from making any ufelefs efforts
towards improving thefe inftruments beyond the limits pre-
{cribed 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-
pheis bufy themfelves to no purpofe in endeavouring to perfe@
telefcopes, by forming the glafles into {ome new figure ; till
Sir Isaac Newron demonftrated, that the effe@s of tele-
fcopes were limited from another caufe, than was fuppofed ;
which no alteration in the figure of the glaffes could remedy ?
What method Sir Isaac NewTon himfelf has found for
the improvement of telefcopes fhall be explained hereafter *.
But at prefent I fhall proceed to illuftrate, by fome farther inftan-
ces, this diftinguifhing character of the true philofophy, which
we have now under confideration. It was no trifling difcove-
ry, thar the contraétion of the mulcles of animals puts their
limbs in motion, though the original caufe of that contraction

* Book IIT. Chap. iv. :
remains
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16 INTRODUCTION.

remains a fecret, and perhaps may always do fo; for the
knowledge of thus much only has given rife to many fpecu-
Tations upon the force and artificial difpofition of the mufcles,
and has opened no narrow profped into the animal fabrick.
The finding out, that the nerves are great agents in tHis a-
&ion, leads us yet nearer to the original caufe, and yields us a
wider view of the fubje&. And each of thefe fteps affords us
afliftance towards reftoring this animal motien;-when impair-
ed in our felves, by pointing out the feats of the injuries, to
which it is obnoxious.  To negle@ all this, becaufe we can
hitherto advance no farther, is plainly ridiculous. = It is
confefled by all, that GaLiLeo greatly improved philofo-
phy, by fhewing, as we fhall relate hereafter, that the power
in bodies, which we call gravity, occafions them to move
downwards with a velocity equably accelerated®; and that
when any body is thrown forwards, the fame power obliges it
to deferibe in its motion that line, which is called by geoniéters
a parabola®: yet we are ignorant of the caufe, which makes
bodies gravitate. But although we are unacquainted with
the fpring, whence this power in nature is derived, neverthe-
lefs we can eftimate its effets. 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
the real path, which it defcribes; we can determine in what
direction, and with what degree of fwiftnefs it muft be pro-
jected, in order to its ftriking againft any obje& defired; and
we can alfo afcertain the very force, wherewith it will ftrike.

3 Book L. Chap. 2. §14. b Ibid. § 85, &c.
‘ Sir
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Sir IsaacNewToN. has farther taught, that this power of
gravjtation extends up to the moon, and caufes that planet to
gravitate as much towards the earth, as any of the bodies, which
are familiaf to us, would, if placed at the fame diftance * :
he jhas proved likewife, that all the planets gravitate towards
the fun, and towards one another ; and that their refpecive
motions follow from this gravitation. ~All this he has demon- |
ftrated upon indifputable geometrical principles, which cannot |
be rehda%d&[n'\ecarious for want of knowing what it is, which |
caufes thefe bodies thus mutually to gravitate: any more than |
we can doubt of the propenfity in all the bodies about us, to |
defcend towards the earth; or can call in queftion the fore-
mentioned propofitions of GavriLeo, which are built upon
that principle. And as GavriLeo has thewn more fully,
than was known before, what effe@ts were produced in the
motion of bodies by their gravitation towards the earth; fo
SirIsaac NewToN, 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 aftronomer, from obfervations only, could
ever find out®: and one kind of heavenly bodies, the comets,
have their motion now clearly afcertained ; whereof we had

before no true knowledge at all .

16. DousrLess it might be expected, that fuch furprizing
fuccefs fhould have filenced, at once, every cavil. But we

 See Book II. Ch. 3. § 3, 4. of this treatife. ¢ See Chap. 4.
b See Book II. Ch. 3. of this treatife.

D have
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have feen the contrary. For becaufe this philofophy profeffes
modeftly to keep within the extent of our faculties, and is
ready to confefs its imperfections, rather than to make any
fruitlefs attempts to conceal them, by feeking to cover the de-
fects in our knowledge with the vain oftentation of rath and
groundlefs conjectures ; hence has been taken an occafion to
infinuate that we are led to miraculous caufes, and the oécult

qualities of the fchools. et

14. Burr the firft of thefe accufations is very extraordina-
ry. If by calling thefe caufes miraculous nothing more s
meant than only, that they often appear to us wonderful and
furprizing, 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 manifeft
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 courfe of things. The other imputation, that
thefe caufes are occult upon the account of our not perceiving
what produces them, contains in it great ambiguity. ‘Fhat
fomething relating to them lies hid, the followers of this
philofophy are ready to acknowledge, nay defire it thould
be carefully remarked, as pointing out proper fubjects for fu- -
ture inquiry.  But this is very different from the ing
of the {choolmen in the caufes called by them occult. For
as their occult qualities were underftood to operate in a man-
ner occult, and not apprehended by us; {o they were ob-
5 truded

—
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traded upon us for fuch original and effential properties in bo-
dies, as made it vain to feck any farther caufe; and a great-
er power was attributed to them, than any natural appearances
authorized, . For inftance, the rife of water in pumps was afcri-
bed to a certain abhorrence of a vacuum, which they thought
fit to aflign to nature. And this was fo far a true obfervation,
the water does move, contrary to its ufual courfe, into

the fpace, which otherwife would be left void of any fenfible
matter ; ~4id; ¢hef the procuring fuch a vacuity was the appa-
rent caufe of the water’s afcent. But while we were not in
the leaft informed how this power, called an abhorrence of a
vacuum, produced the vifible effe@ts ; inftead of making a-
ny advancement in the knowledge of nature, we only gave
an artificial name to one of her operations: and when the
fpeculation was pufhed fo beyond what any appearances re-
quired, as o have it concluded, that this abhorrence of a va-
cuum was a power inherent in all matter, and {o unlimited as
to render it impoflible for a vacuum to exift at all ; it then
became a much greater abfurdity, in being made the foun-
dation of a moft ridiculous manner of reafoning; as at length
evidently appeared, when it came to be difcovered, that this
rife of the water followed only from the preflure of the air,
and extended it felf no farther, than the power of that caufe.
The {cholaftic ftile in difcourfing of thefe occult qualities,
as if they were effential differences in the very fubftances,
of which bodies confifted, was certainly very abfurd; by
reafon it tended to difcourage all farther inquiry.  But no
fuch ill confequences can follow from the confidering of
any natural caufes, which confefledly are not traced up to
Da their
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’thexr firft original.  How fhall we ever come to the know-' ‘

ledge of the feveral original caufes of things, ~otherwife than
by ftoring up all intermediate caufes Wthh we can difcover ?
Are all the original and effential properties of matter fo very
obvious, that none of them can efcape our firft view? This is
not probable. It is much more likely, that, if fome of the
effential properties are difcovered by our firft obfervationg; a
ftriGter examination fhould bring more to light. “1
i

18. Bur in order to clear up this point concerning the
effential properties of matter, let us confider the fubje& a lit-
tle diftin&ly, We are to conceive, that the matter, out of
which the univerfe of things is formed, is furnifhed 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 poffefled, and
which is not barely the confequence of the union of this parti-
cle with other portions of matter, we may call an effential pro-
perty : whereas 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. Thefe two belong univerfally to all matter; and
are the principal ingredients in the idea, which 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-
‘ ings, but is taken for the reprefentation of a certain
{ubftance without us ; if we fthould difcover, that every part
of the fubflance, in which we find thefe two properties,
 thopld likewife be endowed univerfally with any other effen-
tif.l qualities ; all thefe, from the time they come to our no-
tice, muft be united under our general idea of matter. How
many fuch properfies there are actually in all matter we know
not;’ “thole, OfWhich we are at prefent apprized, have been
found out only by our obfervations on things ; how many
more a farther fearch may bring to light, no one can fay ;
nor are we certain, that we are provided with fufficient me-
thods of perception to difcern them all. Therefore, fince we
have no other way of making difcoveries in nature, but by
gradual inquiries into the properties of bodies ; our firft ftep
muft be to 2dmit without diftinétion all the properties, which
we obferve ; and afterwards we muft endeavour, as far as we
_ are able, to diftinguith between the qualities, wherewith the
very fubftances themfelves are indued, and thofe appearances,
which refult from the ftru&ure only of compound bodies.
Some of the properties, which we obferve in things, are the
attributes of particular bodies only; others univerfally belong
to all, that fall under our notice. =~ Whether fome of the
qualities and powers of particular bodies, be derived from dif-
ferent kinds of matter entring their compofition, cannot, in
the prefent imperfe&t ftate of our knowledge, abfolutely be
decided ; though we have not yet any reafon to conclude,
but that all the bodies, with which we converfe, are framed
out of the very fame kind of matter, and that their diﬁinlé’c
| : quali-

it
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qualities are occafioned only by their ftru&ure ; through the va-
riety whereof the gencral powers of matter are cauled to pro-
duce different effe@®s. On the other hand, we {hould not ha-~
flily conclude, that whatever is found to appertainto all mat-
ter, which falls under our examination, muft for that reafon
only be an eflential property thereof, and not be derived from
fome unfeen difpofition in the frame of nature. Sir ISAAC
N Eew T o~ has found reafon to conclude, that graVlty is a{’pro-
perty univerfally belonging to all the perceptibie bodies 1

univerfe, and to every particle of matter, whereof they are
compofed. But yet he no where afferts this property to be
effential to matter. And he was fo far from having any de-
fign of eftablifhing it as fuch, that, on the contrary, he has
given fome hints worthy of himfelf at a caufe for it*; and ex-
prefly fays, that he propofed thofe hints to fhew, that he had

no fuch intention ®

19. It 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 upen
their frame and compofition. But certainly whatever pro-
perties are found to belong cither to any particular fyftems of
matter, or univerfally to all, muft be confidered in philofophy ;
becaufe philofophy will be otherwife imperfet. Whether
thofe properties can be deduced from fome other a in-
ing to matter, either among thofe, which are already known,
or among fuch as can be difcovered by us; is afterwards to be
fought for the fartherimprovement of our knowledge. Butthis

@ At the end of his Optics. b See the fame treatife, in
in Qu. 21. Advertifement 2.

inquiry
R

oy
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inquiry cannot properly have place in the deliberation about ad-
mitting any property of matter or bodies into philofophy; for
that purpofe it is only to be confidered, whether the exiftence
of fuch a property has been juftly proved or not. Therefore
to decide what caufes of things are rightly received into na-
tural philofophy, requires only a diftiné and clear conception
of what kind of reafoning is to be allowed of as convincing,
when we argue upon the works of nature.

; 20. T rE proofs in natural philofophy cannot be fo abfo-
lutely conclufive, as in the mathematics. For the fubjecs of
that {cience are purely the ideas of our own minds. They
may be reprefented to our fenfes by material objeéts, but they
are themfelves the arbitrary productions of our own thoughts;

fo that as the mind can have a full and adequate knowledge
of its own ideas, the reafoning in geometry can be rendered

perfe&t. But in natural knowledge the fubje& of our con-
templation is without us, and not fo compleatly to be known =
therefore our method of arguing muft fall a little (hort of ab-

folute perfection. It is only here required to fteer a juft courfe

between the conjectural method of proceeding, againft which:

I have {o largely fpoke ; and demanding fo rigorous a proof, as

will reduce all philofophy to mere {cepticifm, and exclude alk

profpect of making any progrefs in the knowledge of nature,

21. T rE conceflions, which are to be allowed in this {ci~
ence, are by Sir Isaac NewTon included under a very

few fimple precepts.

21.. TA®
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. 22. Tue firltis, that more caufes are not to be received

| into philofophy, than are fufficient to explain the appeasances
of nature. That this rule is approved of unanimoufly, ise-
vident from thofe expreffions {o frequent among=all philofo-
phers, that nature does nothing in vain; and that a varie-
ty of means, where fewer would fuffice, is needlefs. And
certainly there is the higheft reafon for complying with this
rule. For fhould we indulge the liber' of multiplying,
without neceflity, the caufes of things, it would reduce
all philofophy to mere uncertainty 3 fince the only proof,
which we can have, of the exiftence of a caufe, is the ne-
ceflity of it for producing known effe@s.  Therefore where
one caufe is fufficient, if there really fhould in nature be

- two, which is in the laft degree improbable, we can have no
poflible means of knowing it, and confequently ought not to
take the liberty of imagining, that there are more than one.

- 23. Tue fecond precept is the dire& confequence of the
\ firft, that to like effe@s are to be afcribed the fame caufes.
For inftance, that refpiration in men and in brutes is brought

" about by the fame means ; that bodies defcend to the earth
here in Euroreyand in Amer1ca from the fame principle;
that the light of a culinary fire, and of the fun have the fame
manner of production ; that the refleGtion of light is effected in
the earth, and in the planets by the fame power; and the like. ~

24. Taethird of thefe precepts has equally ev1dent rea-
( fonforit. Itisonly, that thofe qualities,_‘wh‘i*chl,iq the fa

\ body can neither be leflened nor incrw?éd,f and which belong-
\ to

L
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.4%911 bodies that are in our power to make trial upon, ought
| ‘ accounted the univerfal properties of all bodies what-

€VCer.

25, I this precept is founded that method of arguing by
indicion, without which no progrefs could be made in na-
tural philofophy. For as the qualities of bodies become
known to us by experiments only ; we have no other way of
finding the propesdes of fuch bodies, as are out of our reach.

* to experiment upon, but by drawing conclufions from thofe.
*» | which fall under our examination. The only caution here
required is, that the obfervations and experiments, we argue
upon, be numerous enough, and that due regard be paid to
all obje&tions, that occur, as the Lord Bacon very judi-
cioufly direéts*, And this admonition is fufficiently com-
plied with, when by virtue of this rule we afcribe impene-
trability and exten(o
fible experiment, :that affords a dire& proof of any of the ce-
leftial bodies being impenetrable; nor that the fixed ftars
are fo much as extended.  For the more perfect 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 be an
optical deception by the {cattering of their light. However,
"= I fuppofe no one will imagine they are without any magni-
"7 tude, though their immenfe diftance makes it undifcernable
»  byus. After the fame manner, if it can be proved, that all

_ s Nav. Org. Lib. i Ax. to5.
Ko T E bodies

el d
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“cafe, tban’m that of the. nnpencn'aﬁilit}'?'oﬁ s be
there will more inftances be had of bodies gmtmtmg than
of their being impenetrable.

25. THris is that method of induion, whereon all phi-
lofophy is founded ; which our author farther inforces by
this additional precept, that whatever is collected from this
induction, ought to be received, notwithftandirig any conje-

Gural hypothefis to the contrary, till fuck rimef as it fhall be.
contradiéted or limited by farther obfervati¢hs on nature.




CONCERNING THE

MOTION of BODIES

IN GENERAL,
jﬁ

;.
] CuApP I
Of the LAWS of MOTION.

,NewroN's method of reafomng in
philofophy, I fhall now proceed to
i§ my intended account of his difcove-
if ries. Thefe are contained in two trea-
3 l; tifes. In one of them, the MaTHEMA-
B TICAL PRINCIPLES OF NATURAL PHILOSO-

vy, his clnef &eﬁgn is to thew by what laws the heavenly

E 2 motions




28 SirIsaac NEwTtons Booxlk

motions are regulated ; in the other, his Orrics, he difcou

of the nature of lightand colours, and of the action between
light and bodies. This fecond treatife is wholly confined to
the fubje& of light: except fome conjectures propdfed at the
end concerning other parts of nature, which lie hitherto nfore
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 moft

fimple properties of matter were fcarce well eftablifhed at that
time. We may therefore reduce Sir Isaac NewTon's do-
&rine under three general heads ; and I fhall 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 fe-
cond I fhall treat of the heavenly motions ; and the third
fhall be employed upon light. ! '

2. In the firft part of my defign, we mbuft begin with an

account of the general laws of motion,

3. TuEesE laws are fome univerfal affe@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 cuftom of geometers to
affume in their demonftrations fome propofitions, without
exhibiting the proof of them ; {o in philofophy, all our rea-
foning muft be built upon fome properties of matter, firft ad-
mitted as principles whereon to argue. In geometry thefe ax-
ioms are thus affumed, on account of their being fo evident

as

o
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make any proof in form needles.  But in philofophy
no properties of bodies can be in this manner received for felf-
evident; fince it has been obferved above, that we can con-
clude notlfing concerning matter by any reafonings upon its
natute and effence, but that we owe all the knowledge, we
have thereof, to experience. Yet when our obfervations on
matter have inform’d us of fome of its properties, we may fe-
curely reafon upon them in our farther inquiries into nature.
And thefe laws of motion, of which I am here to. fpeak, are
v found {o univerfally to belong to bodies, that there is no mo-
tion known, which is not regulated by them. Thefe are by
Sir Isaac NEwT on reduced to three %

4. THE ﬁrﬁ law is, that all bodies have fuch an indifference

vt reﬁ or motion, that if once at reft they remain fo, il di-

fturbed by fome) power aéing upon them : but if once put

in motion, th fift in it ; continuing to move right for-

wards perpetually, after the power, which gave the motion,

is removed ; and alfo preferving the fame degree of velocity

or quicknefs, as was firft communicated, not ftopping or re-

mitting their courfe, till interrupted or othermfe difturbed by
{fome new power imprefled.

5. T uzfecond law of moﬁon is, that the alteration of the
ftate of any body, whether from reft to motion, or from mo-
tion to reft, or from one degree of motion to another, is al-
ways proportional to the force imprefled. A body at reft, when

# Princip. philof. pag.13, 14.

A acted
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acted upon by any power, yields to that power, movingﬁl
the fame line, in which the power applied is directed ; and
moves with a lefs or greater degree of velocity, according to
the degree of the power ; fo that twice the powef*thall com-
municate a double velocity, and three times the power a
threefold velocity. If the body be moving, and the power
impreffed act upon the body in the direction of its motion,
. the body fhall receive an addition to its motion, as great as
the motion, into which that power would have put it from a
ftate of reft; but if the power impreffed upon a moving bo-
dy a& diredtly oppofite to its former motion, that power fhall
then take away from the body’s motion, as much as in the o-
ther cafe it would have added toit. Laftly, if the power be
imprefled obliquely, there will arife an oblique motion dif-
fering more or lefs from the former direction, .according as
the new impreffion is greater or lefs. For exafpple, if the bo-
dy A (in fig. 1.) be movingin the direction and when it is
at the point A, -a power be imprefled upon it in the dire&ion
AC, the body fhall from henceforth neither move in its firft
dire@ion A B, mor.in the dire@ion of the adventitious power,
but fhall take a courfe as AD between them: and if the
power laft imprefled be juft equal to that, which firft gave
to the body its motion ; the line AD fhall pafs in the middle
between AB and AC, dividing the angle under BAC into
two equal parts ; but if the power laft impreffed be greater
than the firft, the line AD fhall incline moft to AC ; whereas
if the laft impreffion be lefs than the firft, the line AD fhall
incline moft to AB. To be more particular, the fituation of

the
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e line ADis always to be determined after this manner,
) AE be the fpace, which the body would have moved
through in the line A B during any certain portion of time;
provided that body, when at A, had received no fecond im-
pulfe, Suppofe likewife, that AF is the part of the line A,
through which the body would have moved during an equal
portion of time, if it had been at reft in A, when it received
the impulfe in the dire@tion AC: then if from £ be drawn
a line parallel to, or equidiftant from AC, and from F an-
other line pa.rallcl to AB, thofe two lines wﬂl mect m the;
line AD. =~ e T s sk et 2 '

6. Tue third and laft of thefe laws of motion is, that
when any body a&supon another, the adtion of that body
. upon the other is equalled by the contrary reaéion of that
' other body upomythe firft.

J et .

o THESE"ﬁ of motion are abundantly confirmed by
this, thatall the dedu@ions made from them, in relation to
the motion of bodies, how complicated foever, are found to
agree perfe&ly with obfervation. ‘This fhall be fhewn more
at large in the next chapter. But before. we proceed to fo
diffufive a proof ; I chufe here to pomt out thofe appearan-
¢#s of bodies, whereby the laws of motion are firft fuggeﬁed
to us. :

8. DaiLy obfervation makes it appear to us, that any
body, which we once fee at rcﬁ never puts it felf into freth

motion j
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motion; but continues always in the fame place, till removed’
by fome power applied to it. 4

9. A ¢ a1n, whenever a body is once in motion, it continues
in that motion fome time after the moving power Tas qmtted
it, and it is left to it felf. Now if the body continue to move
but a fingle moment, after the moving power has left it, there
can no reafon be afligned, why it fhould ever ﬂ:op without
fome external force. ~ For it is plain, that this continuance of
' the motion is caufed only by the body’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, ceafes to a&t; or whether it does not graduallydanguifh and
decreafe. And this fufpicion cannot be tgmoved by a tranfi-
ent and {light obfervation on bodies, but%')e fully cleared
up by thofe more accurate proofs of the laws of motion,
which are to be confidered in the next chapter.

10. LasTLy, bodies in motion appear to affe& a ftraight
- courle without any deviation, unlefs when difturbed by fome
adventitious power acting upon them. If a body be thrown
perpcndlcularly 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 to move, more and

more
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mo;e continually towards the earth, whither it is directed
by its .weight : but fince, when the weight of a body does
not alter the diretion of its motion, it always moves in
a ftraight kne, without doubt in this other cafe the body’s
declinifig from its firft courfe is no more, than what is cau-
fed by its weight alone.  As this appears at firft fight to be
unqueftionable, fo we fhall have a very diftin& proof thereof
in the next chapter, where the oblique motion of bodies will

be partzcularly conﬁdcred

- 11. Trus we f{ee how the ﬁrﬂ of the laws of motion
agrees with what appears to us in moving bodies. But

here occurs this farther confideration, that the real and ab+
folute 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 far-only, as their motion is different from
our own. Wh% - body appears to us to lie at reft; in
rcahty it only continues the motion, it has received, without
putting forth any power to change that metion. If we
throw a body in the courfe or direftion, wherein we are
carried our felves; fo much motion as we feem to have
given to the body, fo much we have truly added to the
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 ; yetin this cafe we
have t:ken from the body fo much real motion, as we feem
to have givenit. Thus the motion, which we fee in bodies;

F is
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is not their real motion, but only relative with rcfpe& to xis3

firt law of motion has place in this relative or apparent
motion. However, though we cannot make ¥qy obferva-
tion immediately 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. WitH regard to this firft law of motion, which is

‘now under confideration, we may from the foregoing ob-

fervations moft truly colle&, that bodies are difpofed to con-
tinue in the abfolute metion, which they have once received,

without increafing or diminifhing their velocity. Whena

body appears to us to lie at reft, it really preferves without
change the motion, which it has'in common with our felves :
and when we put it into vifible motion, and we fee it conti-
nue that motion ; this proves, that 7 retains that de-
gree of its abfolute motion, into which itlis put by our adting
upon it : if we give it fuch an apparent motion, which adds
to its real motion, it preferves that addition ; and if our a&-

ing on the body takes off from its real motion, it continues

afterwards to move with no more real motion, than we have

left it.

13. A ca1n, we donot obferve in bodies any difpo mm

power within themfelves to change the direction of their mo-
tion ; and if they had any fuch power, it would eafily be dif-
coverod. For fuppofe a body by the ftru&ure or difpofition
of its parts, or by any other circumftance in its make, was in-

. omeld 3

and the forementioned obfervations only fhew us, that this

P=N
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ducd with a power of moving it felf; this felf-moving prin-

'_c1plc, whxch {hould be thus mherent in the body, and not
depend on any thing external, muft change the dire@ion
whezcin it would a&, as often as the pofition of the body
was changed : fo that for inftance, if a body was lying be-
fore me in fuch a pofition, that the dire@ion, wherein this
principle difpofes the body to move, was pointed directly from
me ; if Ithen gradually turned the body about, the direction
of this felf-moving principle would no longer be pointed di-
rectly from me, but would turn about along with the body.
Now if any body, which appears to us at reft, were furnifh-
ed with any fuch felf-moving principle ; from the body's ap-
pearing without motion we muft conclude, that this felf-mov-
ing principle lies directed the fame way as the earth is car-
rying the body ; and fuch a body might immediatcly be put
into vifible motion. only by turning it about in any degree,
that this felf- iﬁbvmg prmuplc might receive a different di-
rection.

14. Frowm thefe confiderations it very plainly follows,
that if a body were once abfolutely at reft ; not being fur—
nithed with any principle, whcreby it could -put it felf into
 motion, it muft for ever continue in the fame place, till acted

_upon by fomething external: and alfo that when a body is put
into motion, it has no power within it felf to-make any
change in the dire@ion of that motion ; and confequently
that the body muft move on ftraight forward without declin-
ing any way whatever. But it has before been fhewn, that

’Bd.lcs do not appear to have in themfelves any power to
! F 2 change
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change the velocity of their motion: therefore this firft’ Jaw
of motion has been illuftrated and confirmed, as much ascan
be from thc tranfient obfervations,  which have hergpeen: dlf-
eourfed upon ; -and in the next chapter all this wﬂl ’m;uer
eftablithed by more corrc& obfcrvauons Vg

15. Bur I fhall now pafs to the fecond law of motion ;
wherein, when it is afferted, that the velocity, with which
any body is moved by the acion of a power upon it, is pro-
portional to that power ; the degree of power is fuppofed to
be meafured 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 were 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 vclocity to
a body twice as great, would give this lefler body twice the
velocity, caufing it to defcribe in the {fame @te of an hour
two thoufand yards. Butbya body twice as great as another,
I do not here mean fimply of twice the bulk, but one that
contains a double qua.nnty of folld matter. ,

16. Wy the power, Wthh can move a body twice as great
as another with the fame degree of velocity, thould be called
* twice as great as the power, which can give the leffer body
‘the fame velocity, is evident. For if we fhould fuppofe the
greater body to be divided into two equal parts, each equal
to the leffer body, each of thefe halves will require the fame
degree of power to move them with the velocity of the lefler,
body, as the lefler body it felf requires ; and therefore both -

by thofe

"
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thofe halves, or the whole greater body, will require the
moving power to be doubled.

1 w AT the moving power being in this fenfe doubled,
fhould juft double likewife the velocity of the fame body,
feems near as evident, if we confider, that the effe& of the
power applied muft needs be the fame, whether that power
be applied to the body at onee, or in parts. Suppofe then the
donble power not applied to the body at once, but half of it
firft, and afterwards the other half ; it is not conceivable for
what reafon the half laft applied fhould come to have a dif-
ferent effect upan the body, from that which is applied firft;
as it muft have, if the velocity of the body was not juft dou-
bled by the application of it. So far as experience can deter-
mine, we feg nothing to favour fuch a fuppofition. We can-
not indeed ( by reafon of the conftant motion of the earth )
make trial uposr“any body perfectly at reft, whereby to fee
whether a power applied in that cafe would have a different
effe&, from what it has, when the body is already moving ;
but we find no alteration in the effec of the fame power on
account of any difference there may be in the motion of the
body, when the power is applied. The earth does not al--
ways carry bodies with the fame degree of velocity ; yet we:
find the vifible effecs of any power applied to the fame bo-
dy to be at all times the very fame : and a bale of goods, or
other moveable body lying in a fhip is as eafily removed
from place to place, while the thip is under fail, if its motior
)( fteady, as when it is fixed at anchor.

8. Now
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18. Now this experience is alone fuficient to {hew to us
the whole of this law of motion.

19. S1xcE we find, that the fame power will always pro-
duce the fame change in the motion of any body, whether
that body were before moving with a {wifter or flower mo-
tion ; the change wrought in the motion of a body depends
only on the power applied to it, without any regard tothe
body’s former motion: and therefore the degree of motion,
which the body already pofleffes, having no influence on the
power applied to difturb its operation, the effe@ts 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 perfecily at reft would receive from any pow-
er as much metion, as would be equivalent to the effet of the
fame power applied to that body already in iiwstion.

20. Acarn,fuppofe a body being at reft, any number of
equal powers fhould be fucceffively applied toit; pufhing it
forward from time to time in the fame courfe or dire@ion.
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 doublc; the third power, would treble the motion of the
body; and {o on, till after the operation of the laft power the
motion of the body would be as many times the motion,
which the firft power gave it, as there are powers in numbes,
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 appbcajaon of each of thefe powers will produce no dif-
fcrcmr&f all in their effe@s.  Since therefore the diftance of
time between the adion of each power is of no corfequence ;.
without' doubt the effe@ will ftill be the fame, though the
powers fhould all be applied at the very fame inftant ; or al-
gh a fingle power fhould be applied equal in ftrength to-
olle&we 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 ftate of reft by any power, will 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-
dy were not ﬁxppofed to be at reft, when the powers began to
be applied to it; Provxded the dire@tion; in which the powers
were applied, éither confpired with the attion of the body, or
was dire@tly oppofite toit. Therefore if any power be ap-
plied to a moving body, and act upon the body either in
the diretion wherewith the body moves, fo as to accelerate
the body ; orif it act dire@ly oppofite to the motion of the
body, fo as to retard it: in'both thefe cafes the change of
motion will be propartional 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 which the fame power would put the body, had.
it heen at reft, when the power was applied.,

5. FARTHER:
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231. FarTHER, 2 power may be {o applied to a moving
body, as to a& obliquely to the motion of the body. ~And
the effeéts of fuch an oblique motion may be deduced from
this obfervation ; that as all bodies are continuall}"iﬁﬂ%i(;}g a-
long with the earth, we fee that the vifible effe&s of the fame
power are always the fame, in whatever direction the power
a&s: and therefore the vifible effe@s of any power upon a
body, which feems only to be at reft, is always to appearance
the fame as the real effe would be upon a body truly aeteft.
Now fuppofe a body were moving along the line AB (in
fig. 2.) and the eye accompanied it with an equal motion in
the line CD equidiftant from AB; fo that when the body is
at A, the eye fhall be at C, and when the body is advanced to
Ein the line AB, the eye fhall be advanced to F in the line
CD, the diftances AE and CF being equal. . It is evident,
that here the body will appear to the eye to be at reft ; and
the line F EG drawn from the eye through the body fhall feem
to the eye to be immoveable; though as’the body and eye
move forward together, this line fhall really alfo move; fo
that when the body fhall be advanced to H and the eye to K,
the line FEG fhall be transferred into the fituation KHL,
this line K H L being equidiftant from FEG. Now if the bo-
dy when at E were to receive an impulfe in the dire&tion of
the line FEG; while the eye is moving on from F to % and
carrying along with it the line FEG, the body will appear to
the eye to move along this line FEG: for this is what has juft
now been faid ; that while bodies are moving along with the
earth, and the {pe@ator’s eye partakes of the fame motiox,
the effet of any power upon the body will appear to be what
i



Cuar.i. PHILOSOPHY. 41

it would rcally have been, had the body been truly at refts
when the power was applied. From hence it follows, that
whemr«l ¢ isadvanced to X, the body will appear fome-
where in the line KHL. Suppofe it appear in M ; then it is
manifeft, from what has been premifed at the bcgmmng of
this paragraph, that the diftance HM is equal to what the

would have run upon the line EG, during the time,
wherem the eye has paffed from F to X, provided that the bo-
dy had been at reft, when acted uponin BE. 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 thewn above
in the explication of the firft law of motion, that a mov-
ing body, from the time it is left to it felf, will proceed on in
-one continued ftraight line.

22. I'r EN be taken equal to HM and N'M be drawn ;
fince HM is equidiftant from EN, N'M will be equxdlﬁant
from BH. Therefore the effeé of any power upon a moving
body, when that power ads obliquely to the motion of the
body, is to be determined in this manner. Suppofe the bo-
dy is moving along the ftraight line AEB, if when the body is
come to E; a power gives it an impulfe in the direction of the
. line EG, to find what courfe the body will afterwards take
we muft proceed thus. Take in EB any length EH, and in
EG take fuch a length EN, that if the body had been at reft
in F, the power applied to it would have caufed it to move

3 N in the fame fpace of time, as it would have employed
paﬁ'mg over EH, if the power had not acled at all upon it.
Then draw H L equidiftant frmé) EG, and N M equidiftant

from
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from EB. After this, if a line be drawn from E to the
- point M, where thefe two lines meet, the line KM ‘will be the

courfe into which the body will be put by the aétiba-of the
power upon it at E.

23. A MATHEMATICAL reader would here expedt in
fome particulars more regular demonftrations ; but as *ao
not at prefent addrefs my felf to fuch, fo I hope, what“l have
now written will render my meaning evident enough to thofe,
who are unacquainted with that kind of reafoning,

24. Now as we have been thewing, that fome actual
force is neceflary cither to put bodies out of a fate of reft in-
to motion, or to change the motion, which they have once
received 5 it is proper here to obferve, that this quality in bo-
dics, whereby they preferve their prefent flate, with regard
to motion or reft, till fome aéive force difturb them, is cal-
led the vis iNERTIAE of matter : and by this property, mat-
ter, fluggith and unadive of it felf, retains all the power im-
prefled upon it, and cannot be made to ceafe from action, but
by the oppofition of as great a power, asthat which firft mov-
ed it. By the degree of this vis INERTIAE, or power of inac-
tivity, as we fhall henceforth call it, we primarily judge of
the quantity of folid matter in each body ; for as this quality is
inherent in all the bodies, upon which we can make any trial,
we conclude it to bea property effential to all matter ; and
as we yet know no reafon to fuppofe, that bodies are comyo-
fed of different kinds of matter, we rather prefume, that

the matter of all bodies is the fame ; and that the degree of
| this
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this power of inadivity is in every body proportional to the
quantity of the folid matter init.  But although we have no
abfolute prpof, that all the matter in the univerfe is uniform,
ah@a&éﬁ this power of inaivity in the fame degree; yet
we can with certainty compare together the different degrees
of this power of inactivity in different bodics. Particularly
this power is proportional to the weight of bodies, as Sir Isaac

~INEwTon has demonftrated *.  However, notwithftanding
thée this power of inactivity in any body can be more certain-
ly known, than the quantity of folid matter init; yet fince
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 meafure of the degree of their
power of ina&ivity.

25. T H1s being eftablithed, we may now compare the
effes of the fame power upon different bodies, as hither-
to we have thewn the effects of different powers upon the
fame body. And here if we limit the word motion to the
peculiar fenfe given to it in philofophy, we may comprehend
all that is to be faid upon this head under one fhort precept ;
that the fame power, to whatever body it is applied, will al-
ways produce the fame degree of motion.  But here motion
does not fignify the degree of celerity or velocity with which
a body moves, in which fenfe only we have hitherto ufed it 5
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-

» Princ. Philof. L. IT. prop. 24. corol. 7. Secalfo B.1L. Ch. 5. § 3. of this treatise.

G 2 ing
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ing in motion, twice the force would be required to ftop A as
to ftop B, thc motion of A would be efteemed double thy
motion of B. In moving bodies, thefe two thingé are care-
fully to be diftinguifhed; their velocity or celerity, Whichris
meafured by the {pace they pafs through during any determi-
nate portion of time; and the quantity of their motion, or
the force, with which they will prefs againft any refiftance.
Which force, when different bodies move with the fane ve.
locity, is proportional to the quantity of ﬁb. matter ineche.
bodies ; but if the bodies are equal, this force 1 pmportio-
nal to their refpe@ive velocities, and in other cafes it is pro-
portional both to the quantity of folid matter in the body, and
alfo to its velocity. To inftance in two bodies Aand B: if Abe
twice as great as B, and they have both the fame velocity, the
motion of A fhall be double the motion of B; and if the bo-
dies be equal, and the velocity of A be twice that of B, the
motion of A fhall likewife be double that of B.; butif 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 half as faft, the degree of their
motion thall be the fame.

26. THis is the particular fenfe given to the word motion
by philofophers, and in this fenfe of the word the fame pow-
er always produces the fame quantity or degree of motion. If
the fame power a& upon two bodies A and B, the velocities,
it {hall give to each of them, fhall be fo adjufted to the refpec-
tive bodies, that the fame degree of motion fhall be produeed
in each.  If A be twice as great as B, its velocity fhall be halt |

that
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of B ; if A has three times as much folid matter as B, the
7elocity of A fhall be one third of the velocity of B; and ge-
herally thg velocity given to A fhall bear the fame proportion
téghe-vtlocity given to B, asthe quantity of folid matter con-
tained in the body B bears to the quantity of folid matter con~
tained in A.

« 27+ Tue reafon of all this is evident from what has gone-
Mre. If a power were applied to B, which fhould bear
the fame proportion to the power applied to A, as the body B
bears to A, the bodies B and A would both receive the fame
velocity ; and the velocity, which B will receive from this
power, will bear the fame proportion to the velocity, which
it would receive from the action of the power applied to A,
as the former 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 powery the fame proportion as the body B bears.
to A.

28. From hence we may now pafs to the third law of
motion, where this diftintion between the velocity of a bo-
dy and its whole motion is farther neceflary to be regarded, as
fhall immediately be fhewn ; after having firft illuftrated the
meaning of this law by a familiar inftance. If a ftone or o-
ther load be drawn by a horfe ; the load re-aéts upon the horfe,,
as much as the horfe a@s upon the load ; for the harnefs,.
which is ftrained between them, prefles againft the horfe as.
“ich as againft the load; and the progreflive motion olf; t!}c

orfe
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horfe forward is hindred.as much by the load, as the motion
of the load is promoted by the endeavour of the horfe:. thas
is, if the horfe put forth the fame ftrength, whep loofened
from the load, he would move himfelf forwards witlhgree! *r
{wiftnefs in proportion to the difference between the welght
of his own body and the weight of himfelf and load to-
gether. =

29. THis inftance will afford fome general notion ofthe
meaning of this law. But to proceed to a more philofophi-
cal explication : if a body in motion ftrike againft another at
reft, let the body firiking be ever fo {fmall, yet {hall it com-
municate fome degree of motion to the body it ftrikes againit,
though the lefs that body be in comparifon of that it impin-
ges upon, and the lefs the velocity is, with which it moves,
the fmaller will be the motion communicated. But whatever
degree of motion it gives to the refting body, the fame it
fhall lofe it felf.  This is the neceffary confequence of the
forementioned power of inactivity in matter.  For fuppofe
the two bodies equal, it is evident from the time they meet,
both the bodics are to be moved by the fingle motion of the
firft; therefore the body in motion by means of its power of
ina&ivity retaining the motion firft given it, ftrikes upon the
other with the fame force, wherewith it was aced upon it
felf: but now both the bodies being to be moved by that
force, which before moved one only, the enfuing velocity
will be the fame, as if the power, which was applied to one
of the bodies, and put it into motion, had been applied Q.
both ; whence it appears, that they will proceed forwards,

3 with
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yyxth half the velocity, which the body firft in motion had:

.ihat is, the body firft moved will have loft half its motion,
and the other will have gained exactly as much. This rule
is jtit, prov1ded the bodies keep contiguous after meeting ; as
they would always do, if it were not for a certain caufe that
often intervenes, and which muft now be explained. Bodies
upon ftriking againft each other, fuffer an alteration in their
'i‘x'zure, having their parts prcﬁed inwards by the ftroke,which.
for the moft part recoil again afterwards, the bedies endea-
vouring to recover their former thape. This power, whereby
bodies are inabled to regain their firft figure, is ufually called
their elafticity, and when it adts, it forces the bodies from,
each other, and caufes them to feparate.  Now the effect of
this elafticity in the prefent cafe is fuch, that if the bodics are
perfe@ly elaltic, fo as to recoil with as great a force as they
are bent with, that they recover their figure in the fame fpace
of time, as has heen taken up in the altcration made in it by
their compreflion together; then this power will {eparate the
bodies as fwiftly, as they before approached, and acting up-
on both equally, upon the body firft in motion contrary to
the direcion in which it moves, and upon the other as much
in the direction of its motion, it will take from the firft, and’
add to the other equal degrees of velocity: fo that the power
being ftrong enough to feparate them with as greata velocity,
as they approached with, the firft will be quite ftopt, and
that which was at reft, will receive all the motion of the
other. If the bodies are elaftic in a lefs degree, the firft will
not lofe all its motion, nor will the other acquire the motion

of the furft, but fall as much thort of it, as the other retains.
For



48 Sir Isaac NewToNs Booxl

For this rule is never deviated from, that though the degree
of elafticity determines how much more than half its veloo:
ty the body firft in motion fhall lofe; yet in every cafc th-
Jofs in the motion of this body fhall be transferred to the officr,
that other body always receiving by the ftroke as much mo-
tion, as is taken from the firft.

go. T Hisis the cafe of a body ftriking directly againft ::
equal body at reft, and the reafoning here ufed is fully ¢on-
firmed by experience. 'There are many other cafes of bodics
impinging againft one another : but the mention of thefe
fhall 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.

Cuar. IL
Farther proofs of the Laws of MoT1oN.

AVING in the preceding chapter deduced the three

laws of motion, delivered by our great philofopher,

from the moft obvious obfervations, that fuggeft them to us;
I now intend to give more particular proofs of them, by re-
counting fome of the difcoveries which have been made in
philofophy before Sir Isaac Newron.  For as they were
all colleéted by reafoning upon thofe laws; fo the conformity
of thefe difcoveries to experience makes thein fo many proofs
of the truth of the principles, from which they were derived.

2. LeT
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2. LeT us begin with the fubje& which concluded the
I#ft chapter. Although the body in motion be not equal to
‘he body at reft, on which it ftrikes; yet the motion after
’dm' ftrake is to be eftimated in the fame manner as above.
Let A (in fig.3.) be a body in motion towards another body
B lying at reft.  'When A is arnived at B, it cannot proceed
farther without putting B into motion ; and what motion it
gives to B, it muft lofe it felf, that the wholc degree of mo-
tlon,,of A and B together, if neither of the bodics be claftic,
thall be equal, after the meeting of the bodies, to the fingle
motion of A before the ftroke. Therefore, from what has
been faid above, it is manifeft, that as foon as the two bodies
are met, they will move on together with a velocity, which
will bear the fame proportion to the original velocity of A, as
the body A bears to the fum of both the bodies.

3. Ir the bodies are claftic, fo that they fhall feparate af-
ter the ftroke, A muft lofe a greater part of its motion, and
the fubfequent motion of B will be augmented by this elafti-
city, as much as the motion of A is diminifhed by it. The
clafticity a&ing equally between both the bodics, it will com-
municate to each the fame degree of motion; that is, it will
feparate the bodies by taking from the body A and adding to
the bedy B different degrees of velocity, fo proportioned to
their refpetive quantities of matter, that the degree of mo-
tion, wherewith A feparates from B, fhall be equal to the de-
grec of motion, wherewith B feparates from A. It follows
therefore, that the velocity taken from A by the elafticity
bears to the velocity, which the fame clafticity adds to B, the

H fame
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fame proportion, as B bearsto A: confequently the velocic.
which the elafticity takes from A, will bear the fame props: -
tion to the whole velocity, wherewith this elafticity caufes i1
two bodies to feparate from cach other, as the body B bears ..
the fum of the two bodics A and B; and the velocity, whi &
is added to B by the clafticity, bears to the velocity, wherc-
with the bodics feparate, the fame proportion, as the bod-
bears te the fum of the two bodies A and B.  Thus is fou 1,
how much the elafticity takes from the velocity of A, oo
adds to the velocity of B; provided the degree of clafticity
known, whereby to determine the whole velocity wherewith
the bodies {eparate from each other after the ftroke *

4. Arrrrthis manner is determined in every cafe the re-
{ult of a body in motion ftriking againft another at reft. The
fame principles will alfo determine the cffeés,” when botlx
hodies are in motion.

5. LT two equal bodies move againft each other with e-
qual {wiftnefs. Then the force, with which each of them
prefles forwards, being equal when they firike ; cach prefi-
ing in its own direction with the fame energy, neither fhall
furmount the other, but both be ftopt, if they be not elaftic:
for if they be elaftic, they fhall from thence recover new mo-
tion, and recede from each other, as fwiftly as they met, if
they be perfedtly elaftic; but more flowly, if lefs fo. In the
fame manner, if two bodies of unequal bignefs ftrike againft
each other, and their velocities be {o related, that the velocity

How this degree of elaflicity is to be found by experiment, will be fhewn below in § 74.

of
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of the lefler body fhall exceed the velocity of the greater in
the fame proportion, as the greater body exceeds the leffer (for
%ﬁancc, if one body contains twice the folid matter as the o-
they, and moves but half as faft) two fuch bodies will entire-
ly fupprefs each other’s motion, and remain from the time of
“their meeting fixed ; if, as before, they are not claftic: but,
if they are fo in the higheft degree, they fhall recede again,
¢ach with the fame velocity, wherewith they met.  For this
claftic power, as in the preceding cafe, fhall renew their mo-
tion, and prefling equally upon both, fhall give the fame mo-
tion to both ; that is, fhall caufe the velocity, which the lefler
body receives, to bear the fame proportion to the velocity,
which the greater receives, as the greater body bears to the
leffer : {o that the velocities {hall bear the fame proportion to
cach other aftgr the ftroke, as before. Therefore if the bodies,
by being perfedtly elaftic, have the fum of their velocities
after the ftroke equal to the fum of their velocities betore the
ftroke, each body after the ftroke will reccive its firft veloci-
ty. And the fame proportion will hold hkewife between the
velocities, wherewith they go off, thiough the; / are elaftic but
in a lefs degree ; only then the velocity of each will be lefs i
proportion to the defet of clafticity.

6. Ir the velocities, wherewith the bodies meer, are net

in the proportion here fuppofed; but if onc of the bodies, o
A, has a fwifter velocity in comparifon to the velocity of the
other; then the effe@ of this excefs of velodity in the body A
muft be joined to the effe® now mentioncd, after the manner
of this following example. Let A be twice as great as B, and
H 2 Move
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move with the fama fwiftnefs as B. Here A moves with twice
that degree of {wiftnefs, which would anfwer to the foremeri-
tioned proportion. | For A being doublc to B, if it rnovec
but with half the fwiftnefs, wherewith B advances, it has heers
juft now fhewn, that the two bodics upon mecting would
ftop, if they were not claftic ; and if they were claftic, that
they would cach recoil, fo as to caufe A to return with half
the velocity, wherewith B would return.  But it is evident
from hence, that B by encountring A will annul half its velo-
city, if the bodies be not elaftic; and the future motion of the
bodies will be the fame, as if A had advanced againft B at
reft with half the velocity here afligned toit.  If the bodies
be elaftic, the velocity of Aand Bafter the ftroke may be thus
difcovered.  As the two bodies advance againft cach other,
the velocity, with which they meet, is made up of the velo-
cities of both bodies added together.  After the ftroke their
elafticity will {feparate them again.  The degree of elafticity
will determine what proportion the velocity, wherewith they
feparate, muft bear to that, wherewith they meet.  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 toB; and afcribe the lefler part to the great-
er body A, and the greater part of the velocity to the leffer
body B. Then take the part afcribed to A from the common
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
the fame common velocity. By this means the true velocities
of A and B after the ftroke will be made known,

7. Ir
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#. Ir the bodies are perfectly elaftic, the great Huveexs
has laid down this rule for finding their motion after con-
gpurfe Any ﬁralght line CD (in fig.455.) being drawn,
let*it, be divided in T, that CE bear the fame proportion to
ED, asthe fwiftnefs of A bore to the fwiftnefs of B before the
ftroke. Let the fame line C D be alfo divided in F, that CF
bear the fame proportion to FD, as the body B bears to the
body A. Then FG being taken equal to FE, if the point G
falls Within the line CD, both the bodies fhall recoil after the
ftroke, and the velocity, wherewith the body A fhall return,
will bear the fame proportion to the velocity, wherewith B
thall return, as GC bearsto GD; but if the point G falls with-
out the line CD, then the bodies after their concourfe fhall
both proceed to move the fame way, and the velocity of A
{hall bear to the velocity of B the fame proportion, that GC
bears to GD, as before,

8. 1r the body B had ftood ftill, and received the impulfe:
of the other body A upan it ; the effe&t has been already ex-
plained in the cafe, when the bodies are not elaftic. And
when they are elaftic, the refult of their collifion is found by
combining the effet of the elafticity with the other effec, in
the fame manner as in the laft cafe.

9. WueN the bodies are perfedly elaftic, the rule of
Hvuvcens ? here is to divide the line CD (fig. 6.) in Bas
before, and to take AG equal to ED.  And by thefe points

g * In oper. pofthum. de Motu corpor. ex pcr ‘ b In the above-cited place.
euflion. prop. 9.

thus





