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thus found, the motion of each body after the firoke is de
termined, as before. 

10. I N the next place, fuppofc the bodies A and B w~~ 
both tlloving the fame way, but A with a fwifter motion; fo 
as to ovettake B, and {hike againfi it. The effeCt of the pcr
cuffion or {hoke, when the bodies arc not claftic, is difcover
ed by finding the comnlon motion, which the two bodies 
would have after the ftrokc, if B were at reft, and A were to ,-
advance againft it with a velocity equal to the excds of the 
prefent velocity of A above the velocity of B; and by ad
ding to this comn10n velocity thus found the velocity of B. 

I 10 I F the bodies are chfiic, the efictt of the elafiicity is 
to be united with this other, as in the fonner cafes. 

1'1.. W II EN the bodies are perfettly elafiic, the rule of 
H U Y G EN S ;\ in this cafe is to prolong CD (fig. 7.) and to 
take in it thus prolonged C E in the f~1I11e proportion to ED, 

as the greater velocity of A bears to the lelicr velocity of B ; 
after which F G being taken equal toF E, the velocities of the 
two bodies after the {hoke will he determined, as in the two 
preceding cafes. 

13. T H U s I have gi'TI1 the [urn of what has been writ
ten concerning the effects of percuflion, when two bodies 
freely in Jllotion {hike direct! y againfi each other i and the 
refults here ftt do\vn, as the confequence of our reafoning 

• In the pbcc _hove-cited . 
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fi:om the laws of Illotion, an[wer moO: exa8:ly to experience. 
A particular fet of experiments has been invented to lllake 
1~ial of thefe effects of percuL1ion with the greatdl: exaClnefs. 
hut I mull: defer thefe experiments, till I have explained the 
nature of penduhulls a, I {hall therefore now proceed to de
fcrihe (01ne of the appearances, which are caufed in bodies 
frOl1l the influence of the power of gravity united with the 
general laws of motion; among which the Inotion of the 
penq.ulum will be included. 

14. T H F. 1110fi fimple of thefe appearances is, when bo
dies fall down ll1erely by their weight. In this cafe the body 
increafes continually its velocity, during the whole time of its 
fitll, and that in the very fame proportion as the tinle incrca!:, 
es. For the power of gravity aCts conflantly on the body with 
the fanle degree of fuength: and it has been obferved above 
in the hrll: law of morion, that a body being once in motion 
will perpetually preferve that motion without the continuance 
of any external influence upon it: therefore, after a body has 
been once put in nlotion by the force of gravity, the body 
would continue that motion, though the power of gravity 
il-lOuld ceafe to act any farther upon it; but, if the powp.r of 
gravity continues fl:ill to draw the body down) freili degrees 
of 111otion IIlUfi continually be added to the body; and the 
power of gravity aeting at all times with the fame firength, 
equal degrees of motion will conflantly be added in cqu:d 
portions of time. 

• There: experiments arc deruib~d in § 73· 
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I r. T HIS conclufion is not indeed abfolutely true: for we 
!hall £nd hereafter a, that the power of gravity is not of th~ 
fame fircllgth at all diltances &onl the center of the earth. B~t 
nothing of this is in the leaft fenfible in any diftance, to which 
we can convey bodies. The weight of bodies is the very fame 
to fenfe upon the highefi towers or mountains, as upon the 
level ground; fo that in all the obfervations we can make, 
the forementioned proportion between the velocity of a fall
ing body and the tinle, in which it has been defcending; ob
tains without any the leafi perceptible difference. 

16. FRO M hence it follows, that the fpace, through which 
a body falls, is not proportional to the tilne of the fall; for 
fince the body increafes its velocity) a greater fpace will be 
paffed over in the fanle portion of time at the lat~er part of the 
fall, than at the beginning. Suppo[e a body let fall from the 
point A (in fig. 8.) were to defcend from A to B in any por
tion of time; then if in an equal portion of tinle it were to 
proceed from B to C; I fay, the fpace B C is greater than AB; 
fo that the time of the fall from A to C being double the tinle 
of the fall from A to B, A C fhall be nlore than double of A B. 

17. THE geometers have proved, that: the [paces, through 
which bodies fall thus by their weight, are juft in a duplicate 
or two-fold proportion of the times, in which the body has 
Le~n falling. That is, if we were to take the line DE in the 
ulme proportion to A B, as the time, which the body has im
ployed in falling fr0111 A to c, bears to the time of the fall 

• Book II. Ch:lp. 5. 
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.,from A to B; then A C will be to DE in the fame proportion. 
In particular, if the time of the fall through AC be twice the 
time of the fall through A B; then DE will be twice A B, and 
A C twice DE; or A C four times A B. But if the time of the 
fall w-ough A C had been thrice the time of tlle faJ] through 
A B; DE would have been treble of A B, and A C treble of 
DE; that is, A C would have been equal to nine times A B. 

18. I F a body fall obliquely, it will approach the ground 
by B.ower degrees, than when it falls perpendicularly. Sup
pMc twolines A B, A C (in fig. 9.) were drawn, one perpel1-
dicular;}$~nd the other oblique to the ground DE: then if a 
body were to defcend in the flanting line A C; becaufe the 
power of gravity draws the body directly downwards, if the 
line A C fupports the body from fal1ing in that manner, it 
mufi: take off part of the effeCt of the power of gravity; (0 

that in the time, which would have been fufficient for the 
body to have fallen through the whole perpendicular line A B, 
the body fhall not have paffed in the line AC a length equal 
to A B; confequently the line A C being longer than A B, 
the body :!hall mofi: certainly take up 1110re tin~e in pailing 
through AC, than it would have done in falling perpendicu
larly down through A B. 

I 9. T H E~geometers dem0l?:fl~at,.e1 that the time, in which 
the body will defcend through tntl,,6blique fl:rnight line A C, 
bears the fame proportidll to the time of its de[cent through 
the perpendicular A B, as the line it felf A C bears to A B. 
And in refpeet to the velocity) which the body will have ac-

I qui red 
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quired in the point c, they likewi(e prove, that the length ~f 
the ~ imployed in the dekent through A C fa compenfates 
the diminution of the influence of gravity from the obliquity 
of this line, that though the force of the power of gravity on 
the body is oppofed by the obliquity of the line A C, yet the 
time of the body's defcent ihall be fo much prolonged, that 
the body {hall acquire the very fame velocity in the point C, 
as it would have got at the point B by falling perpendicularly 
down. 

1.0. I t: a body were to defcend in a crooked line, the ti~e 
of its dekent cannot be determined in fo fimple aiffanner ; 
but the fame property, in relation to the velocity, is demon
fuated to take place in all cafes: that is, in whatever line the 
body. defcends, the velocity will always be anfwerable to the 
perpendicular height, from which the body has fttIl. For in
fiance, fuppofe the body A (in fig. 10.) were hung by a 
firing to the pin B. If this body were let fall, till it came to 
the point C perpendicularly under B, it will have moved frOID 

A, to C in the arch of a circle. Then the horizontal line AD· 
being drawn, the velocity of the body in C will be the fame, 
as if it had fallen. from the point D direCtly down to C 

1. I. I F a body be thrown perpendicularly upward with a- 
ny force, the velocity, wherewith the body a[cends, /han 
continually diminifh, till at length it be whGlly taken away; 
andJrom that time the body will begin to fall down again, 
and pafs over a fecond time in its de[cent the line, wherein it 
aftended; , falling through. this line with an increafingvelQci
ty in fuch a manner, that in every point thereof, through 

which 
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).}uchitfalls, itiliall have the very fame velocity, as it had in 
the fame place, when it afcended ;and confequently {hall come 
down into the place, whence it firft afcended, with the veloci
ty which was at firft given to it. Thus if a body were thrown 
perpendicularly up in the line A B (in fig. I I.) with fuch a 

:force, as that it fuould ftop at the point B, and there begin 
to fall again; when it {hall have arrived in its defcent to any 
point as C in this line, it ihall there have the fame velocity, 
as that wherewith it patTed by this point C in its afcent; and .. 
at re point A it 1hall have g~ned as great a velocity, as 
that wherewith it was firft thrown upwards. As this is de
monftrated by thtt' geometrical writers; fo, I think, it will 
appear evident, by confidering only, that while the body de
fcends, the power of gravity muA: aCt: over again, in an invert
ed order, all the influence it had on the body in its afcent; 
fo as to give ~gain to the body the fame degrees of velocity, 
which it had taken away before. 

2. 2. AFT E R the fan1e manner, if the body were thrown 
upwards in the oblique fhaight lint C A (in fig. 9.) from the 
point C, with fuch a degree of velocity as juH: to reach the 
point A; it fhall by its own weight return again through the 
line A C by the fame degrees, as it afcended. 

"'3. AND 1a1l:1y, if a body were thrown with any velocity 
in a line continually incurvated upwards, the like eH"ed will 
be produced upon its return to the point, whence it W3:S 

thrown. S'Uppofe for il1ftance, the body A (infig. I 't.) were 
hung by .Q·ftring A'B. Then if this body be impelled any 

I 2. way, 
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way, it mufi move in the arch of a circle. Let it receive fuah 
an impulfe, as ihall caufe it to move in the arch A C; and let 
this impulfe be of [uch ftrength, that the body may be car
ried from A as far as D, before its motion is overcome by its 
weight: I fay here, that the body forthwith returning·from 
D, .£hall come again into the point A with the fame velocity, . 
as that wherewith it began to move. 

1.4- I T will be proper in this place to obferve conceJ:'l1ing 
the power of gravity, that its force upon any body does Ilot 
at all depend upon the fhape of the body; but that it conti
nues confiantly the fame without any variation in the fame 
body, whatever change be made in the figure of the body: and 
if the body be divided into any number of pieces, all thofe 
pieces fhall weigh juft the fame, as they did,. when united 
together in one body: and if the body be of a uniform con
texture, the weight of each piece will be proportional to its 
bulk. This has given reafon to conclude, that the power of 
gravity aCts upon bodies in proportion to the quantity of mat
ter in them. Whence it {bould follow, that all bodies muft 
fall from equal heights in the fanle fpace of time. And as 
we evidently fee the contrary in feathers and {uch like {ub
fiances, which fall very flowly in comparifon of more folid 
bodies; it is reafonable to {uppofe, that fome other caufe con
curs to make fo manifeft a difference. This caufehas been 
found by particular experiments to be the air; Theexperi
ments for this purpofe are made thus. They fet up a very 
tall hollow glafs; within which near the top they lodge a fea
ther and fome very ponderous body, ufually a piece of gold, 

this 
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"~ metal being the molt weighty of any body known to us. 
This glafs they empty of the air contained within it, and by 
moving a wire, w~ch paiTes through the top of the glafs, they 
let the feather and the heavy body fall together; and it is al
wafs found, that as the two bodies begin to defcend at the 
fame time, fo they accompany each other in the fall, and 
corne to the bottom at the very fame infiant, as near as the eye 
can judge. Thus, as far as this experiment can be depended 
on, it is certain, that the effeCt of the power of gravity upon 
,Cb. body is proportional to the quantity of folid tnatter, or to 
the power of inaCtivity in each body. For in the limited 
fenCe, which we have given above to the word motion, it has 
been ihewn, that the fanle force gives to all bodies the faIne 
degree of motion, and different forces communicate different 
degrees of motion proportional to the refpettive powers a. .In' 
this cafe, it the power of gravity were to ad equally upon the· 
feather, and upon the more folid body, the folid body would 
defcend fa muchf10wer than the fttather, as to have no great
er degree of motion than the feather: but as both bodies de
fcend"with equal fwiftnefs, the degree of"nlotion in the folid 
body is greater than in the feather, bearing the fame propor
tion to it, as the quantity of matter in the folid body to the 
quantity of matter in the feather. Theref0re the effeCl: of 
gravity on the folid body is greater thaThon the feather, in pro
portion to the greater degree of motion communicated; that. 
is, the effea of the power of gravity on the folid body bears· 
the fame proportion to its effeCt on the feather, as the quanti--

I Chap. I. § zs, :6, Z7. compared with § 15. &c, 
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tyof matter in the folid body bears to the quantity of matteli' 
in the feather. Thus it is the proper deduCtion from this expe
riment, that the power of gravity ads not on the furface of b0-
dies on.ly, but penetrates the bodies themfelv~.smoft intimately, 
and operates alike on every particle of rnatter in them. 13ut 
as the great quicknefs, with which the bodies fall, leaves it 
fOlllet)1ing uncertain, whether they do defcend abfolutely in 
the fame time, or only [0 nearly together, that the difference 
intherr fwift motion is not difcernable to the eye; this pro
perty of the power of gravity, which has here been dedu~e~ 
from this experiment, is farther conhrnlcd by pendulum~, 
w hofe motion is [uch, that a very minute difference would 
become hlfficiently fcnfible. This will be farther difcourfed 
on in another place a; but here I fhall Inake u[e of the prin
ciple now laid down to explain the nature of what is called 
the center of gravity in bodies. 

1. r. THE center of gravity is that point, by which if a 
body be fufpended, it fhall hang at ref\: in any fituation. In 
a globe of a uniform texture the center of gravity is the fame 
with the center of the globe; for as the parts of the globe on 
every fide of its center are fimilarly difpofed, and the power 
of gravity ads alike on every part; it is evident, that the parts 
of the globe on each fide of the center are drawn with equal 
force,ancl therefore neither fide can yield to the other; but
the globe, if fupported at its center, muft of neceffity hang 
at reft. In like manner, if two equal bodies A and B (in 

" Book II. -Chap. 5·§ 3. 
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&g. t ~.) be hung at the extremities of an inHexible rod CD, 
which fhould have no weight; thefe bodies, if the rod be 
fupported at its middle E, iliall equiponderate; and the rod 
remain without motion. For the bodies being equal and at 
the utme dillance from the point of fupport E, the power of 

'gravity will act upon each with equal ftrength, and in aU rc
fpeets under the fame circumftances; therefore the weight of 
one cannot overconle the weight of the other. The weight 
of A ~an no more [urmount the weight of B, than the weigbt 
of~ can furmount the weight of A. Again, fuppofe a bo
dy as A B (in fig. 14') of a unifornl texture in the form of a 
roller, or as it is more ufually called a cylinder, lying hori
zontally. If a firaight linc be drawn between C and D, the 
centers of the extreme circles of this cylinder; and if this 
firaight line, .cOlnmonly called the axis of the cylinder, be 
divided into two equal parts in E: this point E win be the 
center of gravity of the cylinder. The cylinder being a uni
form figure, the parts on each fide the point E are equal, and 
firuated in a perfeCtly fimilar manner; therefore this cylin
der, if fupperted at the point E, mull: hang at refl:, for the 
fame reafon as the inflexible rod above-mentioned will remain 
without motion) when fufpended at its middle point. And 
itis evident, that the force applied to the point E, which 
would uphold the cylinder, mufl: be equal to the cylinder's 
weight. Now fuppofe two cylinders of equal thicknefs A B 
and CD to be joined together at C B, fa that the two axis's 
RF, and F G lie in one ftraight line. Let the axis E F be di
vided into two equal parts at H, and the axis, F G into two . 

equal 
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equal parts at I. Then becaufe the cylinder A B would be 
upheld at ref\: by a power applied in·H equal to the weight of 
this cylinder, and the cylinder CD would likewife be upheld 
by a power applied in I equal to the weight of this cylinder ; 
the whole cylinder A D will be fupported by thele two powers: 
but the whole cylinder lnay likewife be fupported by a power 
applied to K, the middle point of the whole axis E G, provided 
that power be equal to the weight of the whole cylinder. It 
is evident therefore, that this power applied in K will produc~ 

~ 

the fame effeCt, as the two other powers applied in Hand 1./ It 
is farther to be obferved, !"'~~!J:! .. ~_ . ~~ ._~q~;;tJ . !.<> . h'!Jf. .~_ Q~ and. 
K I equal to half E F; for E K being equal to half E G, and E H 
equal to half E F, the remainder H K muf\: be equal to half 
the remainder F G; fo like wife G K being equal to half G E, 
and G I equal to half G F, the remainder I K mlJft be equal to 
half the remainder E F. It follows therefore, that H K bears 
the [arne proportion to K I, as F G bears to E F. Befides, I 
believe, 111y readers will perceive, and it is demonfirated in 
fOfm by the geometers, that the whole body of the cylinder 
CD bears the [arne proportion to the whole body of the cy.:. 
linder A B, as the axis F G bears to the axis E F a. But hence 
it follows, that in the two powers applied at H and I, the 
power applied at H bears the [arne proportion to the power 
applied at I, as K I bears to K H. Now fuppofe two firings 
HL and I M extended upwards, one from the point H and the 
otht:r from J, and to be laid hold on by two powers, one 
firong enough to nold up the cylinder A B, . and the other of 

• S~e Euclid', Elements, Book XII. prop. 13. 
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frrength fufficient to fupport the cylinder CD. Here as there 
two powers uphold the whole cylinder, and therefore pro
duce an effeCt, equal to what would have heen produced by 
a pqwer applied to the point K of fufficient force to. fuftain the 
whole cylinder: it is manifefi, that if the cylinder be taken 
away, the axis only being left, and from the point K a firing, 
as KN, be extended, which iliall be drawn down by a power 
equivalent to the weight of the cylinder, this power {hall aCt 
~aiJ~ft the other two powers, as Illuch as the cylinder a8:ed 
againft them; and confequently thefe three powers {hall he 
upon a balance, and hold the axis HI fixed between them. 
But if thefe three powers preferve a mutual balance, the 
two powers applied to the ftrings H L and I M are a balance 
to each other; the power applied to the firing H L bearing 
the fame proportion to the power applied to the firing 1M, 
as the djaance I K bears to the diftance K H. Hence it far
ther appears, tllat if an inflexible rod A B (in fig. I J".) be 
filfi)ended by any point c not in the luiddle thereof; and if 
at A the end ot the {horter arm be hung a weight, and at B 
the end of the longer ann be a1fo hung a weigl1t Ids than 
the other, and that the greater of thefe weights bears to the 
JetTer the [anle proportion, as the longer ann of the rod bears 
to the {horter; then thefe two weights will (~quiponderatc : 
for a power applied at c equal to both thefe weights will fup
port without 1110tioll the rod , thus charged; fince here no
thing is changed from the preceding cafe but the fitua
tion of the powers, which are now placed on the contra
ry fides of the line, to which they arc tixed. Alfo for the 

jC fame 
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f~~ r~[?~ if two, wei.ghts A and B ( in fig. 16.) were con
nected t<;>g~~r by an. u#lexible rod CD, drawn from c the 
cente~ ~( g~a.vity of A to D the center of gravity of B; and 
if, clu; rod C 1) were t9 tx: fo divided in E, that the part p E 
bear th~ ~1Jle proportion to the other part C E, as the weight 
A bears to the weight B: then this rod being fupported at E 

will uphold the weights, and keep them at refl without mo
tion. This point E, by which the two bodies A and B will be 
fupported, is called their common center of gravity. A~ iV
a greater nUluber of bodies were joined together, the point, by 
which they could all be fupported, is called the common center 
of gravity of thenl all. Suppofe ( in fig. 17. ) there were three 
bodies A, B, c, whole refpettive centers of gravity were joined 
by the three lines D E, D F, E F: the line D E being [0 divided 
in G, that D G bear the falue proportion to G E, as B bears to 
A; G is the center of gravity COlnn10n to the two bodies A 
and B; that is, a power equal to the weight of both the bo-
4ies applied to G would fupport them, and the point Gis 

preffed as much by the two weights A and B, as it would be, . 
if they were both hung together at that point. Therefore, 
if a 1ine be drawn from G to F, and divided in H, [0 that G H 

bear the hlme proportion to H F, as the weight C bears to 
both the weights A and B, the point H will be the comlnon 
center of gravity of all the three weights; for H would be 
their common centcr of gravity, if both the weights A and B 
werc hung together at G, and the point G is preffed as much 
by them in their prefent fituation, as it would be in that cafe. 
In the fame manner from the comnl0n center of thefe three 

weights, 
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weights, you might proceed to find the comlnon center) if a 
fourth weight were added, a~d by a gradual progrefs might 
find the common center of gravity belonging to any number 
of \\reights whatever. 

'16. A s all this is the obvious confequence of the propofi
tion laid down for affigning the common center of gravity of 
~any two weights, by the fame propofition the center of gra
~ty"of all figures is found. In a triangle, as ABC (in 
fig. 18.) the center of gravity lies in the line drawn from the 
middle point of anyone of the fides to the oppoGte angle, 
as the line B D is drawn from D the lniddle of the line A C to 
the oppofite angle B 3; fo that if from the middle of either 
of the other fides, as from the point E in the fide A B, a line 
be drawn, as E C, to the oppofite angle; the point F, where 
this line croff'es tlle other line B D, will be the center of gra
vity of the triangle h. Likewifc D F is equal to half F B, and 
E F equal to half FCC. In a hemifphere, as ABC (fig. 19.) 

if from D the center of the bafe the line DB be erected per
pendicular to that bafe, and this line be (0 divided in E, that 
DEbe equal to three fifths of BE, the point E is the center of 
gravity of the helnifphere d 

2. 7. I T will be of ufe to obfcrve concerning the center of 
gravity of bodies; that fince a power applied to this center 
alone can fupport a body againfi the power of gravity, and 

~ Archimcd. :le a:quipond. prop. I I. I prop. 2.. 
b Ibid. prop. 12 . 4 ldem 1.. JJ. prop. 2 . 

cLucas Valer:us De centro gr;wit. f()l id. 1. I. 

'K 2 hold 



68 Sir ISAAC NEWTON'S BOOK I. 

hold it fixed at refl:; the effect of the power of gravity on a 
body is the fame, as if that whole power wcre to exert itfelf 
on the center of gravity only. Whcnce it follows, that, when 
the power pf gravity aCts on a body fufi)ended by any paint, 
if the body is fa fufpellded, that the center of gravity of the 
body can defcend; the power of gravity will give motion to 
that body, otherwife not: or if a nUlnber of bodies are fo 
conneCted together, that, when anyone is put into motion,. 
the rell: [hall, by the manner of their being joined, rea:i~' 
[ueh motion, as {hall keep their comnlon center of gravity at 
refl:; then the power of gravity [hall not be able to produce 
any Inotion in thefe bodies, but in all other cafes it wilL 
Tluls, if the body A B (in fig. 20,.2. 1.) whofe center of gra
vity is c, be hung on the point A, and the center C be per
pendicularly under A (as in fig. 20.) the weigltt of the bo
dy will hold it frill without motion, becaufe the center C 

cannot defcend any lower. But if the body be reuloved in
to any other fituation, where the center C is not perpendi
cularly under A (as in fig. 2 I .) the body by its weight will 
be put into motion towards the perpendicular fituation of its 
center of gravity. AKo if two bodies A, B (in fig. 2.2.) be 
joined together by the rod C D lying in an horizontal fitua
tion, and be fupported at the point E; if this point be the 
center of gravity comrnon to the two bodies, their weight 
will not put them into 1110tion; but if this point E. is not their 
coronl0n center of gravity, the bodies will move; that part 
of the rod CD dcfcending, in which the common center of 
gravity is found. So in like manner, if thefe two bodies were 
connected together by any Fore complex contrivance; yet 

if 
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if one of the bodies cannot move without fo moving the 
other, that their COlnmon center of gravity fhall reft, the 
weight of the bodies w~ not put them in motion, otherwife 
it wiil. 

28. r S HAL L proceed in the next place to [peak of the me.:.. 
chanical powers. Thefe are certain infirunlents or l11achines, 
~ontrived for the moving great weights with [mall force; and 
t~ir '''e~cts are all deducible from the obfervation we have 
jufi been Inaking. They are ufually reckoned in numbef 
five; the lever, the wheel and axis, the pulley, the wedge, 
and the fcrew; to which fOlne add the inclined plane. As 
thefe infinUhents have beea of very ancient u[e, fa the cele
brated ARC HIM E DES fcems to have been the firfi, who dif-

• 
covered the true rea[on of their effeCts. This, I think, lllay be 
colleCted from what is related of him, that fome expreffions, 
which he ufed to denote the unlinuted force of thefe in
firuments , were received as very extraordinary paradoxes: 
whereas to thole, who had underfiood the caure of their 
great force, no expreffions of that kind could have appeared 
furprizing. 

29. ALL the effects of t~efe powers may be judged of by 
this one rule, that, when two weights are applied to any of 
thefe infiruments, the weights will equiponderate, if, when 
put into Inotion, their vc10cities will be reciprocal1y propor
tional to their refpective weights. And what is [aid of weights, 
muft of neceffity be equally underftood of any other forc~s 

equl-
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equivalent to weights, {uch as the force of ~ man's arm, a 
fueam of water, or the like. 

3 o. B v T to comprehend the Ineaning of this rule~' the 
reader fiuft know, what is to be underftood by reciprocal 
proportion; which I lliall now endeavour to explain, as di
ftinctly as I can; for I {hall be obliged very frequently to 
make ufe of this term. When any two things are fo related~ 
that one increafes in the fame proportion as the other;·t11ey :ire 
direttly proportional. So if any nunlber of men can perform 
in a determined {pace of time a certain quantity of any work, 
fuppofe drain a fiih-pond, or the like; and twice the num
ber of men can perform twice the quantity of the fame work, 
in the farne time; and three times the number of men can , 
pcrfof1n as {oon thrice the work; here the number of men 
and the quantity of the work are direCtly proportional. On 
the other hand, when two things are fo related, that one de
creafes in the fame proportion, as the other increafes, they 
are faid to be reciprocally proportional. Thus if twice the 
number of men can perform the fame work in half the time, 
and three times the numher of lnen can finiili the fame in a 
third part of the tinle; then the number of Inen and the 
tinlc are reciprocally proportional. We {hewed above a how 
to find the common center of gravity of two bodies, there 
the diftances of that COlnmon center from the centers of gra
vityof the two bodies are reciprocally proportional to the re
fpeetive bodies. For C E in fig. 16. being in the fame pro-

portion 
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portion to E D, as B bears to A; C E is fo much greater in 
proportion than ED, as A is lefs in proportion than B. 

3 I. Now this being underfi:ood, the reafon of the rule 
here Rated will eafily appear. For if thefe two bddies were 
put in motion, while the point E refted, the velocity, where
with A wouJd move, would bear the fanle proportion to the 
,\:~~~ity, wherewith n would move, as E C bears to ED. The 
,~ci~ therefore of each body, when the common center 
of gravitjfell:s, is reciprocally proportional to the body. But 
we have ihewn above a, that if two bodies arc fo conneCted to
gether, that the putting them in nlotion will not move their 
conlmon center of gravity; the weight of thofe bodies will 
not produce in them any motion. Therefore in any of thefe 
mechanical eqgines, if, when the bodies are put into motion, 
their velocities are reciprocally proportional to their refpeCtive 
weights, whereby the common center of gravity would re
main at reft; the bodies will not receive any motion from their 
weight, that is, they will equiponderate. But this perhaps 
will be yet more clearly ~onceived by the particular defcrip
tion of each mechanical power. 

3 1. THE lever was firft named above. This is a bar nlade 
ufe of to fuftain and move great weights. The bar is ap
plied in one part to fame ftrong fupport; as the bar A B ( in 

fig. '2.3, '2.4') is applied at the point c to the ftlpport D. In 
fame other part of the bar, as E, is applied the weight to be 
fuftained or moved; and in a third place, as F, is applied ano
ther weight or equivalent force, which is to ftJilain or move 

§ the 
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the weight atE. Now here, if, when the lever iliould be 
put in motion, and turned upon the point c, the velocity, 
'wherewith the point F would lnovc, bears the faine propor
tion to the velocity, wherewith the point E would movf, as 

• 
the weight at E bears to the weight or force at F; then the 
Jever thus charged' will have no propenfity to move eith~r 
way. If the weight or other force at F be not fo great as to 
bear this proportion, the weight at E will not be fufiained ; 
but if the force at F be greater than this, the weighl,..a.,t ... E ",;:ti" 
be funnounted. This is evident from what has been [aid 
above a, when the forces at E and F are placed tas in fig. 23') 
on different fides of the fupport D. It will appear alfo equal
ly manifeft in the other cafe, by continuing the bar Be in 
:fig. 24. on the other fide of the fupport D, tlll C G be equal 
to CF,and by hanging at G a weight equivalent,to the power 
at F; for then, if the power at F were removed, the two 
weights at G and E would counterpoize each other, as in 
the formel' cafe: and it is evident, that the point F will 
be lifted up by the weight at G with the fame degree of 
force, as by the other power applied to F; hnce, if the 
weight at E were removed, a weight hung at F equal to 
that at G would balance the lever, the diftances C G and 
C F being equal. 

3 j. I F the two weights, or other powers, applied to the 
lever do not counterbalance each other; a third power may 
be applied in any place propofed of the lever, which £hall 

hold 
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hold the whole in a juft counterpoize. Suppote (in fig. '1 r.) 
the two powers at E and F did not equiponderate, and it were 
required to apply a third power to the point G, that might be 
{ufficient to balance the lever. Find what power in F would 
juft counterbalance the power in E; then if the difference 
between this power and that, which is aB:llally applied at F, 
bear the fame proportion to the third power to be applied at,· 
~~. __ . as. the difiance C G b~ar~ to ~ F; the le~er. will be COUfl

~01zed by the help of thls thu'd power, If It be {o applied 
as to ati: the Tame way with the power in F, when that power 
is too {mall to counterbalance the power in E; but other
wife the power in G mufi bc fo applied, as to act againfi the 
power in F. In like Inanncr, if a lever were charged with three, 
or any greater nunlber of weights or other powers, whidl 'did 
not counterpoize each other, another power might be applied 
in any place ·propofed, which fhould bring the whole to a 
juft balance. And what is here [aid concerning a plurality of 
powers, may be equally applied to all the following cafes. 

j 4. I F the lever ibould confift of two arms making an 
angle at the point C (as in fig. 1.6.) yet if the forces are ap
plied perpendicularly to each arm, the [arne proportion will 
hold between the forces applied, and the difl:ances of the cen
ter, whereon the lever refts, fronl the points to which they 
are applied. That is, the weight at E will be to the force in 

F in the fame proportion, as C F bears to C E. 

j j. BUT whenever the forces applied to the lever atl: ob

liquely to the arm, to which they are applied (as in fig. 1.7·) 
L then 
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. th6nthe fu-engih of die-fortes ·is to be eftimated by lines let 
fan 'troinme center of the lever to the diredions, wherein the' 
forces aCt. Tobalance the levers in fig. 2 " the weight or 
other force at F will bear the fame proportion to the ~eight 
at E, as the dif'tance C E bears to C G the perpendicular'let fall 
from the point c upon the line, which denotes the diretl:i'on 
wherein the force applied to F aCts: for here, if the lever be 
put into motion, the power applied to F will begin to move ill 
the direCtion of the line F G; and therefore its firJllpolion~1l 
be the fame, as the motion of the point G. 

3'6. W HEN two weights hang upon a lever, and the point, 
by which the lever is fupported, is placed in the middle be
tween the two weights, that the arms of the lever are both 
of equal length ; then this lever is particula~ly called a ba
lance; and equal weights equiponderate as in common fcales. 

''When the point bf fupport is not equally diftant frOlll both 
weights, it confiitutes that inftrument for weighing, which 
is called a fieelyard. Though both in comn1on fcales, and the 
fieelyard, the point, on which the beam is hung, is not ufu
ally placed juftill the fame ihaight line with the points, that 

. hold the weights, but rather a little-above (as in fig. 1.8. ) 
where 'the lines drawn from the point c, whereon the beam 
is fufpended, to the points E and F, on which the weigh~ are 
hung, do not makeabfolutely one continued line. ,If the 
three points E, c,and F were in one il:raight line, thofe weights, 
which equiponderated, when the bealn hung horizontally, 
would alfo equiponderate in any other fituation. But we 
fee ill thefe inftruments, when they are charged with weights, 

which 





7; 
. which equiponderate withtbe beam hanging horizontally; 
. that, if the beam be inclined either way, the weight moil 
elevated {uflllounts the other, and defcends, caufing the beam 
to [wing, till by degrees it recovers its horizonta} pofition.' 
This effeCt arifes frOln the forementioned firucture: for by 
this firuClure thefe inftruments are levers compofe~d of two 
arms, which 111ake an angle at the point of fupport (as in 
fig. 29, 3 0.) the firltof which reprcfcnts the cafe of the 
C01111ll9I).balancc, the fecond the cafe of the fieelyard. In 
the firfl:, where C E and C F arc equal, equal weights hung 
at E and F will equiponderate, when the points E and Fare 
in an horizontal fituation. Suppo[e the lines E G and F H to 
be perpendicular to the horizon, then they will denote the di
reCtions, wherein the forces applied to E and F aCt. There
fore the preportion between the weights at E and F, which 
thall equiponderate, ~re to be judged of by perpendiculars, 
as C I, C K, let fall from C upon E G and F H: [0 that the 
weights being equal, the lines C I, C K, mua be equal al[o, 
when the weights equiponderate. But I believe my readers 
will eafily fee, that unce C E and C F are equal, the lines 
C I and C K will be equal, when the puints E and F arc ho
rizontally fituated. 

37. I F this lever be [et into any other pofition (as in 
fig. 3 I.) then the weight, which is raifed highefl:, will out
weigh the other. IJere, if the point F be rai{(~d higher than 
E, the .perpendicular C K will be longer than C I: and there
fore the weights would equiponderate, if the weight at F 

~ ~ were 
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were lefs than the weight at E. ' But the weight at F is equal 
to that at E; therefore is greater, than is neceff'ary to counter
balance the weight at E, and confequently will outweigh it" 
and draw the beam of the lever down. 

38. I N like manner in the cafe of the fleelyard (fig.j 2.) 
if the weights at E and Fare fo proportioned, as to equipon
derate, when the points E and F are horizontally fituated; 
then in any other fituation of this lever the weight~ which is 
raifed higheft, will preponderate. That is, if in the hori
zontal fltuation of the points E and F the weight at F bears 
the fame proportion to the weight at E, as C I bears to C K ; 

then, if the point F be raifed higher than E (as in fig. j 2. ) 

the weight at F [hall bear a greater proportion to the weight 
at E, than C I bears to C K. 

39. FAR THE R a lever filay be hung upon an axis, and 
then the two anns of the lever need not be continuous, but 
fixed to different parts of this axis; as in fig. 33, where 
the axis A B is fupported by its two extren1ities A and B. To 
this axis one ann of the lever is fixed at the point c, th.e other 
at the point 1). Now here, if a weight be hun~_ the 
extremity of that arm, which is fixed to the axis at the point 
c; and another weight be hung at F, the extremity of the' 
arm, which is fixed on the axis at D; then thefe weights 
will equiponderate, when the weight at E bears the fame 
proportioD to the weight at F, as the arm D F bears to 
C£ 

40. THIS 
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40. T H t g is the cafe, if both the arlns are perpendicular 

to the axis, and lie (as the geometers exprefs themfelvcs ) 
in the fame plane; or, in other words, if the arms are fa fix
ed perpendicularly upon the axis, that, when one of thein 
lies horizontally, the other £hall alfo be horizontal. If ei
tht:r arm fiand not perpendicular to the axis; then, in de
termining the proportion between the weights, infiead of the 
length of that arm, you rnufi ufe the perpendicular let fall 
upon ,th2 tNds fronl the extrelnity of that arm. If the arms 
are not fo fi.xed as to becOlne horizontal, at the fanlc time; 
the method of affigning the proportion between the weights 
is analogous to that Inade ufe of above in levers, which nlake 
an angle at tlle point, whereon they are fupported. 

4 I. F R ~ M this cafe of the lever hung on an axis, it is ca
fy to Inake a tranfition to another Incchanical power, the 
wheel and axis. 

41.. T HIS infirument is a wheel fixed on a roller, the 
roller being fupported at each extremity fa as to turn 
round freely with the wheel, in the lnanner reprefented in 
fig. 34, where A B is the wheel, CD the roller, and EF its 
two fupports. Now fuppofe a weight G hung by a cord 
wound round the roller, and another weight H hung by a 
cord wound about the wheel the contrary way: that thefe 
weights filay fupport each other, the weight H mull: bear the 
fanle proportion to the weight G, as the thicknefs of the rol

ler bears to the dianleter of the wheel. 

43. SUPPOSE 
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43. SUPPosE .. the line kl to be drawn through the mid
dle of the roller; and frOln the place of the roller, where 
the cord, on which the weight G hangs, begins to leave the 
roller, as at "In, . let the line m n be drawn perpendicularly to 
k I; and from the point, where the cord holding the weight 
H begins to leave the wheel, as at 0, let the line 0 p be drawn 
perpendicular to k I. This being done, the two lines 0 p 
and m n repre[ent two arms of a lever fixed 011 the axis k I; 
confequently the weight H will bear to the weight~ fame 
proportion, as m n bears to 0 p. But m n bears "'the fanle pro
portion to 0 p, as the thicknefs of the roller bears to the dia
meter of the wheel; for 111, n is half the thicknefs of the roller, 
and 0 p half the dianleter of the wheel. 

44. I F the wheel be put into motion, and t.urned Ollce 
round, tlnt the cord, on which the weight G hangs, be 
wound oncc rnore round the axis; then at the fanlc time the 
cord, whereon the weight H hangs, will be wound off from 
the wheel one circuit. Therefore the velocity of the weight 
G will bear the k'lnle proportion to the velocity of the weight 
H, as the circumference of the roller to the circumference of 
the wheel. But the circurnfcrence of the roller bears the fame 
proportion to the circulllference of the wheel, as the thick
nCG of the roller bears to the diatneter of the wheel, confe
qucntly the velocity of the weight G bears to the velocity 
of the weight H the flme proportion, as the thicknefs of 
the rollcr bears to the dialneter of the wheel, which is the 
proportion that the weight H bears to the weight G. There
fore as before in the lever, fo here 31[0 the general rule laid 

down 
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,down above is verified, that the weights equiponderatc, ,vhen 
their velocities would be reciprocally proportional to their 
tefpeCtive weights. 

41'. I N like manner, if on the fame axis two wheels of dif
ferent fizes are fixed (as in fig. l j.) and a weight hung on 
each; the weights will cquiponderate, if the weight hung on 
the greater wheel bear the fl111C proportion to the weight hung 
on the leffer, as the dianleter of the lcilcr wheel bears to the 

, diameter '~f the greater. 

46. I T is uflwl to join nlany wheels together in the [arne 
fraIne, which by the ll1eans of certain teeth, forn1cd in the cir
cumference of each wheel, {hall con11nunicate Illotion to each 
other. A machine of this nature is reprefcnted in fig.j 6. Here 
ABC is a winch, upon which is fixed a frnall wIled D indent
ed with teeth, which move in the like teeth of a larger whed 
E F fixed on the axis G H. Let this axis carry another wheel 
I, which ili.:'lll move in like manner a greater wheel K L fixed 
on the axis M N. Let this axis carry another fnlan wheel 0, 
which after the fame manner !hall turn about a larger wheel 
P Q fixed on the roller R S, 011 which a cord {hall be wound, 
that holds a weight, as T. Now the proportion required be -
tween the weight T and a power applied to the winch at ,A 

fufficient to fupport the weight, Willl110fi: eafily be efiimated, 
by computing the proportion, wl1ich the velocity of the point 
A would bear to the velocity of the weight. If the winch be 
turned round, the point A will defcribe a circle as A V. Sup
pofe the wheel E F to have ten tilnes the number of teeth, as 

the 
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the wheel D; then the winch muft tum round ten times to 
carry the wheel E F"once round. If the wheel K L has alfo ten 
times the llUlnber of teeth, as I, the wh€ell mull: turn round 
ten times to carry the wheel K L once round; and cQnfe
quently the winch ABC mull: turn round an hundred times 
to turn the wheel K L once round. Laftly, if the wheel P Q 
has ten times the number of teeth, as the wheel 0, the winch 
mull: turn about one thoufand tinles in order to turn the wheel 
P Q, or the roller R S once round. Therefore he~ the point 
A mull: have gone over the circle A V a thoufand times, in or
der to lift the weight T through a fpace equal to the circunl
ference of the roller R s: whence it follows, that the power 
applied at A will balance the weight T, if it bear the fanlc 
proportion to it, as the circumference of the roller to one 
thouGlnd times the circle A V; or the fan1e proflPrtion as half 
the thicknefs of the roller bears to one thoufand times A B. 

+ ~. I s II ALL now explain the effeB: of the pulley. Let 
a weight hang by a pulley, as in fig. 37. Here it is evi
dent, that the power A, by which the weight B is fupported, 
m.ull: be equal to the weight; for the cord C D is equally 
{trained between them; and if the weight B move, the power 
A lnu£! Jnove with equal velocity. The pulley Ehas no other 
effeCt, than to permit the power A to aCt in another direCtion, 
than it mufi have done, if it had been direB:ly applied to fupport 
the weight without the intervention of any fuch inftrument. 

48. A G A I N, let a weight be fupported, as in fig. j 8 ; 
where the weight A is fixed to the pplley B, and the cord, by 

which 
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which the weight is upheld, is annexed by on~ extremity to a 
hook c, and at the other end is held by the power D. Here 
the weight is fupported by a cord doubled; inromuch that 

I 

althQugh the cord were not {hong enough to .hold 1he weight 
lingle, yet being thus doubled it might fupport it. If the 
end of the cord held by the power D were hung on the hook 
c, as well as the other end; then, when both ends of the cord 
were tied to the hook, it is evident, that the hook would 
bear the whole weight; and each end of the firing would 
bear againfl: the hook with the force of half the weight only, 
feeing both ends together bear with the force of the whole. 
Hence it is evident, that, when the power D holds one end of 
the weight, the force, which it muft exert to fupport the 
weight, mufl: be equal to juH: half the weight. And the (1me 
proportion bS!tween the weight and power Inight be colI ecl
cd from comparing the refpeetive velocities, with which they 
would move; for it is evident, that the power muO: move 
through a fpace equal to twice the diO:ance of the pulley from 
the houk, in order to lift the pulley up to the hook. 

49. I T is equally eafy to eftilllatc the effeCt, when luany 
pulleys are combined together, as in fig. j 9, 40; in the firfi 
of which the under fet of pulleys, and confequently the 
weight is held by fIx firings; and in the latter figure by five: 
therefore in the firfi of thefe figures the power to fupport the 
weight, mull be one fixth part only of the weight, and in 
the latter figure the power mull: be one fift11 part. 

M SO. THERE 
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10. THE l t Are two other ways of fupporting a weight 
by pullcysy which I lhall particularly confider. 

, . . 

r 1.0 AE of. there ways is reprefented in fig. 4- I. He~ the 
weight being conneCted to the pulley B, a power equal to 
half the weight A would fupport the pulley c, if applied im
mediately to it. Therefore the pulley C is drawn down 
with a force equal to half the weight A. But if the pulley D 
were to be immediately fupported by half the force, with 
which the pulley C is drawn down, this pulley D will uphold 
the pulley c; fo that if the pulley D be upheld with a force 
equal to one fourth part of the weight A, that force will fup
port the weight. But, for the fanle reafon as before, if the 
power in E be equal to half the force nece1Tary to uphold the 
pulJey D; this pulley, and confequently t~e w~ight A, will 
be upheld: therefore, if the power in E be one eighth part 
of the weight A, it will fupport the weight. 

fl.. AN 0 THE R way of applying pulleys to a weight is 
reprefented in fig. 42. To explain the efteCt of pulleys thus 
applied, it will be proper to confider different weights hang
ing, as in fig'4 j. Here, if the power and weights balance each 
other, the power A is equal to the weight B; the weight C is 
equal to twice the power A, or the weight B; and for the fame 
teafon the weight D is equal to twice the weight C, or equal 
to four times the power A. It is evident therefore, that all 
the three weights B, c, 0 together are equal to feven times the 
power A. But if thefe three weights were joined in one, they 
would produce the cafe of fig. 4.Q.: fo that in that figure the 

weight · 
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weight A, where there are three pulleys, is ~ven times the 
power B. If there had been but two pulleys, a:p.e w~~ht would 
ha ve been three tinles the power; and if there hfi ben four 
pulleys, the weight would have been fifteen ~imes the power. 

r ~. THE wedge is next to be confidered. The form of 
this infrrument is fufficiently known. When it is put under 
any weight (as in fig. 44-) the force, with which the wedge 
will lift the weight, when drove under it by a blow upon the 
end A B, will bear the falne proportion to the force, where
with the blow would aCt on the weight, if directly applied to 
it .; as the velocity, which the wedge receives from the blow, 
bears to the velocity, wherewith the weight is lifted by the 

wedge. 

r 4. THE [crew is the fi.fth Inechanical power. There arc 
two ways of applying this inftrument. Sometimes it is [crewed 
into a hole, as in fi.g. 45") where the [crew A B is fcrewed 
through the plank CD. Sonlctimes the [crew is applied to 
the teeth of a whee1, as in hg. 4 6, where the thred of the 
[crew A B turns in the teeth of a wheel CD. In both thefe 
cafes, if a bar, as A E, he fixed to the end A of the [crew; the 
force, wherewith the end B of the [crew in fig. 45' is 
forced down, and the force, wherewith the teeth of the 
wheel CD in fig. 44 are held, bears the fnne proportion 
to the power applied to the end E of the bar; as the velocity, 
wherewith the end E will 1110VC, when the [crew is turned, 
bears to the velocity, wherewith the end B of the [crew in fig. 
43, or th~ teeth of the ,J~~el, CD.i~ fig. 46, will be moved. 

M 1. 5'5'. THE 
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5' 5'. THE inclined plane affords alfo a means of raifing 

a weight ~th lefs force, than, what is equal to the we. i, ?;ht it 
felf. SuPtofc it were required to raife the globe A < in fig. 
47.) from the-ground Be up to the point, whufeperp~ndi
cular height frOln the ground is ED. If thi~ globe be drawn 
along the flant D F, lefs force will be required to,raife it, than: 
if it were lifted direClly up. Here if the force applied to the 
globe bear the [arne proportion only to its weiglit, as ED bears 
to F D, it will be fufficient to hold up the' globe ; and there
fore any addition to that force will put it in motion, and draw 
it up; unlefs the globe, by preffing, againft the plane, where
on it lies, adhere in fome degree to the plane. This indeed 
it muft always do more or Ids, hncc no plane can be made fo 
abfolutely [mooth as to have no inequaliticJ at all; nor yet fo 
infinitely hard, as not to yield in the leaft t6 the pre£fure of the 
weight. Therefore the globe cannot be laid on fuch a plane, 
whereon it will flide with perfect freedom, but they'n1uH: in 
fame mea[ure rub againft each other; and this friction will 
make it necdfary to imploy a certain degree of force more, 
than what is neceffary to fupport the globe, in order to give 
it any Inotion. But as all the mechanical powers are fubjeCt 
in fame degree or other to the like impediment from friction; 
I {hall here only {hew what force would be neceifary to fu .... 
ftain the globe, if it could lie upon the plane without cauf-. 
iog any friCtion at all. And I fay, that if the globe were 
drawn by the cord G H, lying parallel to the plane D F; and 
the force, wherewith the cord is pulled, bear the fame 
proportion to the weight of the globe" a'S ED bears to D F ; 

this 



CHAP.p. PHILOSOPHY 
this for'ce will fuftain the globe. In order ~ the making 
proof of this, let the cord G H be continued o~ and turned 
over fthe pulley I, and let the weight K be ~ng to it. 
No~ fay, if this weight bears the fame pr~rtion to 
the globe :A;'~ as DE bears to D F, the weight will [upport 
the globe. I t~' nk it is very manifefi, that the center of the 
globe A will lie i one continued line with the cord H G. Let 
L be the center 0 the globe, and M the center of gravity of 
the weight K. In the firft place let the weight hang fo, that 
a line drawn from ~ to M lllall lie horizontally; and I tlY, 
if the globe be rn.oved either up or down the plane D F, the 
weight will fa move along with it,. that the center of gravity 
common to both the weights {hall continue in this line L M, 

and therefore fhall in no cafe defccnd. To prove this more 
fully, I {hall depart a little fronl the nlethod of this treatifc, 
and lnake ufe of a mathematical propoiition or two: but they 
are fuch, as any perfon,who has read E u C L J D'S E L EM E N T S, 

will fully conlprehend; and are in themfelves fo evident, that, 
I believe, my readers, who are wholly {hangers to geometri
cal writings, will make no difficulty of admitting them~ . This 
being preluifed, let the globe be moved up, till its center be 
at G, then will M the center of gravity of the weigl)t K be 
funk to N; fo that M N ihall be equal . to G L. Draw N G 

croffing the line M Lin 0; then I fay, that 0 is the comnlon 
center of gravity of the two weights in this their new fitua
tion. Let G P be drawn perpendicular to M L; then G L will 
bear the fame proportion to G P, as D F bears to DE; ., and 
M N being equal to G L, M N will bear the fame proportion 

to 
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to G P,as ~ ~ to DE. But NO bears the fame \»,opor-· 
rion to 0 G as M N bears to G P; confequently N0li bear 
the fame ~op~on to OG, as DF bears to DE. In.e lail 
place, th~ weIght of the globe A bears the [arne RTopor.. . n to 
the other weight K, as D F bears to DE; the ore IN 0 beaR! 
the [arne proportion to 0 G, as the weight of . e globe A bears 
to the weight K. Whence it follows, tha when the center 
of the globe A is in G, and the center of ~~lVity of the weight 
K is in N, 0 will be the center of gravity common to both 
the weights. After the fame manner, iQ the globe had been 
cau[ed to defcend, the comlnon center of gravity would have 
been found in this line M L. Since therefore no motion of 
the globe either way will nlake the common center of gravity 
de[cend, it is manifefi, from what has been [aid above, that 
the weights A and K counterpoize each oth~r. 

r6. I SHALL now confider the cafe of pendulums. A 
pendulum is made by hanging a weight to a line, fo that it 
may [wing backwards and fi)rwards. This nlotion the geo
meters have very carefully confidered, becau[e it is the n10fi 
commodious inflrument of any for the exaCt: nlea[ureluent of 
time. 

5'7. I H A V E obferved already 3, that if a body hanging 
perpendicularly by a firing, as the body A (in fig. 48.) hangs 
by the firing A B, be put [0 into motion, as to be made to a
fcend up the circular arch A C ; then as {oon as it has ~ved 

• § %3· 
at 
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, at theJiigheft· point, to which the motion, the body has 
receivtd, will carry it; it will immediately ~gin 0 def(;end, 
and at A will receive again as great a degree of m . on, as it 
had aNirft. , This motion therefore will cat»y th body up 
the arch A 'D,as high as it afcended before in the arch A C. 

Confequently in its return through the arch D A it will acquire 
again at A its orig~al velocity, and advance a fecond rime up 
the arch A C ~s higblas at hrfi; by this nleans continuing with
out end its reciproca) motion. It is true indeed, that in faCt: 
every pendulum, wt-ich we can put in motion, will gradual
ly leffen its fwing, and at length flop, unlefs there be forne 
power confiantly applied to it, whereby its Illotion iliall be 
renewed; but this arifcs from thc rchfiance, which the body 
meets with both , from the air, and the firing by which it is 
hung: for as.the air will give [orne obfirudion to dIe progrds 
of the body moving through it; [0 al[o the firing, whereon 
the body hangs, will be a farther itupedirnent; for this ftring 
nlufl either flide on the pin, whereon it hangs, or it mufl bend 
to the Illotion of the weight; in the firft there muft be forne 
degree of frittion, and in the latter the firing will make [orne 
refiftance to its infleCtion. However} if all refifiance could 
be remov,ed, the motion of a pendulum would be perpetual. 

)"8. BUT to proceed, the firfi property, I fball take no
tice of in this motion, is, that the greater arch the pendulous 
body moves through, the greater time it takes up: though 
the length of time does not increafe in [0 great a proportion 
as the arch. Thus if CD be a greater arch, and E F a ldfer, 
where CA is equal to AD, and EAe,qual to AF; the body, 

when : 
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when it fwi s hrough the greater arch CD, {hall ta~\,tt, up irn 
its fwing fi m G to D a longer time than in [winging frorH E 
to F, w n it moves only in that leffer arch; or the time ill 
which th body let fall from c will defcend through tUe arch 
C A is greater than the time, in which it will defcend dlrough 
the arch E A, when let fall from E. But the firft of thefe 
times will not hold the ("tme proportion t9 the latter, as the 
Erft arch C A bears to the other arc? E AJ" .which will appear 
thus. Let CG and E H be two honzont,ll hnes. It has been 
remarked above a, that the body in falltng through the arch 
C A will acquire as great a velocity at the point A, as it would 
have gained by falling direCtly down through G A; and in 
falling through the arch E A it will acquire in the point A on
ly that velocity, which it would have got in falling through 
H A. Therefore, when the body defcends through the great
:er arch C A, it {hall gain a greater velocity, than when it pa[
fes only through the leffer; fo that this greater velocity will in 
fome degree compenfate the greater length of the ardl. 

19. THE increafe of velocity, which the body acquires 
in falling from a greater height, has fuch an e£lea, Ulat, if 
fhaight lines be drawn from A to C and E, the body would 
fall through the longer ftraight line C A juft in the fame time, 
as through the fhorter llraight line EA. This is demonftrat
:ed by the geometers, who prove, that if any circle, as ABCD 
( fig. 49.) he placed in a perpendicular fituation; ~ body 
{hall fall obliquely through every line, as A B drawn from the 
lawefl: point A in the circle to any other point in the circum-

a § zoo 
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ferense jufl: in the fame time, as would be ~ployed by the 
bod¥ in falling perpendicularly down thr~g\. the diameter 
C A. But the time in which the body will. defC'ind through 
the arch, is different from the time, which it w~uld take up 
in taIling through the line A B. 

60. I T has been thought by [orne, that becaufe in very 
{mall arches this correfpondent ftraight line differs but little 
from the arch i~,elf; therefore the defcent through this 
ihaight line woulf be performed in [uch fmall arches nearly 
in the fan1c tilne a~ through the arches themfelves: fo that 
if a pendulum were to fwing in [mall arches, half thc time 
of a fingle fwing would be nearly equal to the time, in which 
a body would fall perpendicularly through twicc the length 
of the pendulum. That is, the whole timc of the fwing, ac
cording to this opinion, will be fimr fold the time required 
for the body to fall through half the length of the pendu
lum; becau[e the time of the body's fllling down twicc the 
length of the pendulUln is half the time requircd for thc fall 
through one quarter of this fpace, that is through half the 
pendulum's length. However there i3 here a miftake; for 
the whole time of the [wing, when thl.: penduh,m moves 
through fmall arches, bears to the time required {(If a body 
to fall down through half the length of the pendulum very 
nearly the fanle proportion, as the circumference of a circle 
bears to its diameter; that is very nearly the proportion of 
j r r to I I j, or little more than the proportion of j to I. 

If the pendulum takes fo great a fwing, as to pafs over an arch 
equal to one flXth part of the whole circunlfercnce of the 

. ,N · circle, 
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circle, it will ~~lg I I )" tilDes, while it ought accordi~ t~ 
this proporti¢" ~havc fwung I 17 times; [0 that, wheo--it _ 
f~s in f?' large an arch, 'it lofes fomething Ids than two 
fwings in ~ hundred. If it fwing through ~ only of" the 
circle, it !hall not lofe above one vibration in 160. If it 
[wing in ~ of the circle, it fllalllo[e about one vibration in 
690' If its [wing be confined to 4~ of the whole circle, it 
ihall lofe very littlc more than one [win9, in 2600. And 
if it take no greater a [wing than through (-; of the whole cir-
de, it {hall not lore onc [wing in )800. 

6 I. Now it follows from hence, that, when pendulums 
fwing in [mall arches, th~re is very nearly a confiant propor
tion ob[erved between the tinlc of their [wing, and the time, 
in which a body would fall perpendicularly do~wn through 
half their length. And we have declared above, that the 
[paces, through which bodies fall, are in a two fold propor-
cion of the times, which they take up in falling a. There
fore in pendulums of different lengths, fwinging throug h[mall 
arches, the lengths of the pendulums are in a two fold or 
duplicate proportion of the tilues, they take in [winging ~ 
fi> that a pendulum of four times the length of another {hall. 
take up twice the time in each [wing, one of nine times the 
length will make one [wing only for three fwings of the 
iliorter, and [0 on. 

61.. -T HIS proportion in the [wings of different pendu ... 
l\llUS not only holds in [mall arches; but in large ones alfo,. 

§ '7. 
provided 
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.p~ded they be fueh, as the geomet~ ~ fimilar; that 
is, IT the arches bear the fame proportIon ~o ~ whole cir
clunferences of their re4JeCl.ive circles. Suppofe (in fig. ~~ ) 
A B,.C D to be two pendulunls. Let the arc!1 E F\be defcrib-. 
cd by the 111otion of tl:.; pendulmll A B, and the arch G H 
be defcribed by the pendulum CD; and let the arch E F bear 
the fame proportion to the whole circumference, which 
would be formed by turning the pendulum A B quite round 
about the point i), as the arch G H bears to the whole cir
cumference, that fould be fonned by turning the pendu
lUlll CD quite faUna the point c. Then I fay, the propor
tion, which the length of the pendulmn A B bears to the 
length of the pendulum CD, will be two fold of the propor-
tion, which the time taken up in the defcription of the arch 
E F bears to the time elnployed in the defcription of the arch 

GH. 

63. T H U s pendulums, which [wing ill very finall arches, 
are nearly an equal l11ea[ure of time. But as they are notfuch 
an equal n1eafure to gcol'letrical exaClnefs; the 111athclnaticians 
have found out a Incthod of caufing a pendulum {() to [wing, 

that, if its Illation were not obftructed by any rdifiance, it 
would always perfornl each fwing in the [1111C time, whether 
it nloved through a greater, or a lefier fjxlce. 'fhis was flril 
dl[covered by the great I-I u Y G ENS, and is a& follows. Up
on the ftraight line A B ( in ng. *,. ) let the circle CD E be {() 
placed, as to touch the ftraight line in the point c. Then let 
this circle roll along upon the firaight line A B, as a coach-
wheel rolle along upon the ground. It is evident, that, as 

N [0011 
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foon as ever the circle begins to move, the point C in the cir
cle will be l~a.t>ff £i'om the {haight line A B; and i~e-' 
motion of the cirdle will defcribe a crooked courfe, which is 
reprefentcd by the line C F G H. Here the part C H of the 
ilraight lin~ included between the hvo extremities C and H 

of the line C F G H will be equal to the whole circumference 
of the circle CD E; and if C H be divided into two equal 
parts at the point I, and the 1traight line I K be drawn per
pendicular to C H, this line I K will be e1ual to the dialneter 
of the circle CD E. Now in this line if y body were to be 
let fall from the point H, and were to he carried by its weight 
down the line H G K, as far as the point K, which is the loweft 
point of the line C F G H; and if from any other point G a 
body were to be let fall in the fame manner; this body, 
which falls from G, will take juft the :tame time in coming to 
K, as the body takes up, which falls from H. Therefore if 
a pendulum can be [0 hung, that the ball iliall move in the 
line It G FE, all its fwings, whether long or {hart, will be per
formed in the fame time; for the time, in which the ball 
will defcend to the point K, is always half the time of the 
whole fwing. But the ball of a pendulum will be made to 
fwing in this line by the following means. Let K I (in fig. 
$1..) be prolonged upwards to L, till I L is equal to I K. 
Then let the line L M H equal and like to K H be applied, as 
in the figure between the points L and H, fo that the point 
which in this line L M H anfwers to the point H in the line 
K H fhall be applied to the point L, and the point anfwering 
So the point K {hall be applied to the point H. Alfo let fuch 
another line L N C be applied between Land C in the fame 

manner. 
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,manner. This preparation being made; i(..a pendulum be 
hung at the point L of [uch a length, .that lthe "ball thereof 
thall reach to K; and if the firing {hall continually bend a
gainP.: the lines H M L and L N C, as the pindutum fwings 
to and fro; by this means the ball ihall confiantly keep in 
the line C K H. 

64. N ow in ~his pendulum, as all the [wings, whether 
long or {hort, will bE performed in the fame time; fa the time 
of each will exaCtI! bear the [arne proportion to the time re
quired for a body to' fall perpendicularly down, through half 
the length of the pendulum, that is from I to K, as the cir
cun1ference of a circle bears to its diameter. 

6 j. I T may from hence be underfiood in fome mea{ure, 
why, when pendulums fwing in circular arches, the times of 
their {wings are nearly equal, if the arches are fmall, though 
thofe arches be of very unequal lengths ; for if with the {e
midian1eter L K the circular arch 0 K P be defcribed, this arch 
in the lower part of it will differ very little from the line 

CKH. 

66. I T may not be amifs here to ren1ark, that a body 
will fall is this line C K H (fig. r s.) from C to any other 
point, as Q. or R in a fhorter [pace of time, than if it moved 
through the firaight line drawn from c to the other point; 
or through any other line whatever, that can be drawn be
tween thek two points. 
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6,. BUT, as~Pllave oblerved, that the time, which a-pet1-
dulurn takes' in f*inging, dep'Cnd~ llpon its length; I /hall 
now fly f01f1ething concerning the way, in which this length 
of the pendulun1. is to be ellimated. If the whole ball of the 
pendlllum could be crouded into one point, this length, by 
which the nlotion of the pendululu is to be conlputed, would 
be the length of the firing or rod. But the ball of the pen
dulum mufi have a fenfible magnitude~ 'Iud the feveral parts 
of this ball will not move with the fame c1egree of fwiftnefs ; 
for thore parts, which are farthefi from the point, whereon 
the pendulutn is [UfpClldcd, nlufi luove with the greateR ve
locity. Therefore to know the tilue in which the pendulutu 
fwings, it is necdfary to find that point of the baH, which 
1110ves with the fanle degree of velocity) as if the whole ball 
'were to be contraCted into that point. 

68 .. T HIS point is not the center of gravity,as I 111allnow 
endeavour to ibev.r. suppore the pendulum A B (in fig. j 4. ) 
cOlnpofed of an inflexible rod A C and ball C B, to be :Gxcd 
on the point A, and lift<.xl up into an horizontal htu3tiol1. 
Here if the rod \vere not fixed to the point A, the body C B 

would defcend . direCtly ·with the whole force of its weight; . 
and each part of the body \i\rould nl0ve down with the 11nle 
degree of fwiftnefs. But when the rod is hxcd at the point 
A, the body muft E111 after another manner; for the parts 
-of the body mufi move with different degrees of velocity, 
the parts more remote fron1 A defcending with a fwitter lUo

tion, than the parts nearer to A; fo that the body will re
ceive a kind of rolling motion while it defcends. But it has 

been 
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been obrervedabo~e, that the effect of gravity upon. any ho
dy is the {'arne, . as- if the whole fOfce were exerted on the bo-" 
dy's center of gravity a. Since therefere the power of gravity 
in drawing down the body mufi alfo cOlnmunicateto it the 
rolling n10tion juft defcribed; it feems evidenl, that the cen
ter of gravity of the body cannot be ~rawn down as fwiftly, 
as ~hen the power of gravity has no other effect to produce 
on the body, than merely to draw it downward. If there-
fore the whole matter of the body C B could be crotlded into, 
its center of gravity, fo that being united into one point, this 
rolling motion here mentioned lTIight give nb hindrance to 
its defcent; this center would defcend faner, than it can now 
do. And the point, which now defcends as faft, as if the 
whole matter of the body C B were crauded into it, will be 
farther removed from the point A, than the center of gravity 
of the body G.B. 

69' A GA IN, fuppofe the pendulum AB (in fig. Jr.) to 
hang obliquely. Here the power of gravity will operate leIS 
upon the ball of the pendulum, than before: hut the line DE. 
being drawn fo, as to ftanrl perpendicular to the rod A C of 
the pendulmn ; the force of gravity upon the body CD, 

now it is in this fituation, will produce the fame effeCt, as 
if the body were to glide down an inclined plane· in the po
firion of DE. But here the motion of the body, when the 
rod is fixed to the point A, will not be equal to the uninter
rupted de[cent of the body down this plane; for the body 

w.ill 
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will here alfo receive the fame kind .. of rotation in its motion, 
as before; fa that the' motion of ~ the .. center of gravity will in 
like n1anner Be retarded; and the point, which here de
fcends with that degree of fwiftnefs, which the body would 
have, if not hindered by being fixed to the point A; that is, 
the point, which defcends as faft, as if the whole body were 
crouded into it, will be as far r~moved from the point A, as 
before. 

70. T HIS pOInt) by which the length of the pendulmn is 
to be efiimated, is called the center of ofcillation. And the 
mathematicians have laid down general direCtions, whereby 
to find this center in all bodies. If the globe A B (in fig. 5"6.) 
be hung by the firing CD, whofe, weight need -not be re
garded, the center of ofcillation is found thus. Let the 
Il-raight line drawn from C to D be continue~ through the 
globe to F. That it will paiS through the center of the globe 
is evident. SUP110fe E to be this center of the globe; and 
take the line G of [uch a length, that it {hall bear the ['tme 
proportion to ED, as E D bears to E c. Then E H being 
I1lade equal to ; of G, the point H f]lall be the center of 0[

cillation ~. If the weight of the rod CD is too confiderable 
to be neglelted, divide CD (fig. 5"7) in I, that D I be equal 
to ~t part of CD; and take K in the faIlle proportion to C I, as 
the weight of the globe A B to the weight of the rod CD. 

'Then having found H, the center of ofeillation of the globe, as 
. before, divide I K in L, fo that I L fhall bear the fame pro- . 

• Hugen. How]og. ol~~illJt. p;lg. 141, 142, 

portl~!"I. 
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~rtion' t~)' LIt,: .·as' t}l¢Jjne ' c;.~· bea~ . to K ; and L Chall be 
thecentctof.ofdllationofthe whole pendulum. . 

7.1- T H.IS computation is made upon fuppofition,that the 
center of ofdnation of the rod CD, if that were to [wing alone 
without any other weight ~n~e",ed, would be the point I. 
And this point would be the true center of o{cillation, fo far 
as the thicknefs of the rod, is not to be regarded. If anyone 
chufes to take into-confideration the thicknefs of the rod, he 
mull: place the center of ofcillatiop- thereof fo much below 
the point I, that eight times the difiance of the center from 
the point I {hall bear the fame proportion to the thicknefs of 
the rod, as the thicknefs of the rod bears to its length C D .t. 

71.. I T has been obfcrved above, that when a pendulum 
fwings in ~ arch of a circle, as here in fig . .r8, the pendu
lum A B fwings in the circular arch CD; if you draw an ho
rizontalline, as EF, from the place whence the pendulum is 
let ttl], to the line A G, which is perpendicular to the horizon: 
then the velocity, which the pendulum will acquire in COIn

ing to the point G, will be the faIne) as any body would ac
quire in falling direClly down fronl F to G. ~Jaw this is to be 
underftood of the circular arch, which is defcribed hy thp. cen
ter of ofcillation of the pendulu111. I (hall here £1rther ob
ferve, that if the fl:raight line E G be drawn fi"01n the point, 
whence the pendulunl falls, to the loweft point of the arch; 
in the fame, or in equal penduh.II11S the velocity, wh~ch the 

o pendulum 
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pendulum acquires in G, is proportional to tllis line: tliat is, ,if 
the pendulum, after it has defcended'fiom E'to G, be taken 
back to H, and let fall from thence, and the line H G be 
drawn; the velocity, which the pendulum ihall acquife in 
G by its defcent from H, fliall bear the fame proportion to 
the velocity, which it acquires in falling frOln E to G, as the 
!haight line H G. bears to the fhaight line E G. 

73~ We may now proceed to thofe experiments upon the 
percuffion of bodies, which I obferved above might De 
made with pendulums. This expedient for examining the 
effe8s of percuffion was firfl: propafed by our late great 
architect SkCIl'RIST'OYH'ERWREN. And itis as follows. 
rrWQ balls, as A and B' (in fig. 19') either equal or une
qual, are hung by two firings fron1 two points C and D, fa 
that, when the balls hang down without motion, they fhall 
juft touch each other, and the firings be paralleL Here if 
one of thefe balls be renlOved to any diftance from its perpeIl~ 
dicular fituation, and then let fall to defcend and ftrike a'1'" 
gaihfi the other; by the laft preceding paragraph it will be 
Known,. with what velocity this ball fhall return into its ±irft 
perpendicular fituation, . and confequent1y with what force it 
ihall'flrike againfl: the other ball; and by the height to which 
dlis other ball afcends after the {hoke, the velocity commu
nicated to this ball will be difcovered. For infiance, let the 
ball"A .be taken up to E, and from thence be let fall to flrike 
againfi B, pailing over in its defcent the circular arch E F. 
By this impulfe let.B By up to G, moving through the dJ."'JJ~ 
lar, arch H G.. Then Eland G K being drawn hOJ'izontal1y~, 

the: 



CHAP. 2. PHI LOS 0 P H Y. 99 
the ball A will firike againft B with the velocity, which it 
~ould acquire in falling direCtly down from I; and the ball 
B has received a velocity, wherewith, if it had been thrown 
diretl1y upward, it would have afcended up to K. Likewifc 
if firaight lines be drawn froIn E to F and fronl H to G, the 
velocity of A, wherewith it ftrikcs, will bear the fame pro
portion to the velocity, which B has received by the blow, as 
the {haight line E F bears to the lhaight line H G. In the 
bme manner by noting the place l'o which A afcends after the 
firoke, its remaining velocity Inay be compared with that, 
wherewith it ftruck agrunft B. Thus may be experimented 
the effeCts of the body A {hiking againft Bat reft. If both 
the bodies are lifted up, and fa let fall as to meet and impinge 
againft each other juft upon the coming of both into their 
perpendicutar fituation; by obferving the places into which 
they move after the ftroke) the effeCts of their percuffion in 
all thefe cafes may be found in the fame maimer as before. 

74. Sir I ··I! A A C N F. W TON has defcribed thetc experiments ; 
and has {hewn how to improve thenl to a greater exaCtnefs by 
Inaking allowance for the refifiance, which the air gives to 
the motion of the balls a. But as this rcGfluf\ce is exceeding 
fnlall, and the manner of allowing for it is delivered by him
{elf in very plain terms, I need not enlarge upon it here. I 
fhall rather fpeak to a difcovery, which he Inade by thefe ex
periments upon the clalHcity of bodies. It has been explained 
above b, that when two bodi~ firike, if they be not elafl:ic, 

• Princil" Philor. p~g. 22, b CI~~p. t . § 2~. 

o l. they 



roo Sir ISAAC NEWTON'S BOOK I. 

they rcn13.in contiguous after the firokc; but that if theyar&. 
elaftic, they feparate, and that the degree of their clallicity 
deternlincs the proportion between the celerity wherewith 
they [eparate, and the celerity wherewith they meet. Now 
our author found, that the degree of elafiicity appeared in 
the [alne bodies always the fatne, with whatever degree of 
force they [huck; that is, the celerity wherewith they [e

para ted , always bore the fame proportion to the celerity 
wlu.:rewith they met: fo that the elaftic power in all the bo-
dies, he made trial upon, exerted it felf in one conftant pro
portion to the compreffing force. Our author made trial 
with balls of wool bound up very compaa-, and found the 
celerity with which they receded, to bear about the propor
tion of r to 9 to the celerity wherewith they met; and in 
fled he found nearly the fame proportion; in cork the elafii
city was fomething lefs; but in glafs much greater; for the 
celerity, wherewith balls of that material feparated after per
cuffion, he found to bear the proportion of I r to I 6 to the 
celerity wherewith they met a 

7 f. ISH ALL :finiih my difcour[e on pendulums, with 
this farther obfervation only, that the center of ofcillation is 
alfo the center of another force. If a body be fixed to any 
point, and being put in motion turns round it; the body, if 
uninterrupted by the power of gravity or any other means) 
will continue perpetually to move about with the (tune equa
ble motion. Now the force) with which f;.lCh a body 

: Princ-ip, Philof. pag. 25'. 
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)ito\'('~, i ':i di un1tcd in the point, \vhich in. re1atioa to the 
pOVitT of gravity is cal1cll the center of ofcillation.. Let the 

cylinder A DC D (in fig. 60.) whofe axis is E F, be fixed to 
the lioint E. And hJPpofing the point E to qc that on which 
the cylinder is [ufpended, let the center of ofcilbtion be 
hmnd in the axis E F, as has been explained ahove:l. Let G 

be that center: then I £lY, that the force, wherewith this cy
linder turns round the point E, is fo united in the point G, th~t 
a fufficient force applied in that point thall fiop the motion of 
the cylinder, in fuch a nlanner, that the cylinder fhould im
nlediately remain without motion, though it were to be loof
encd [rOlD the point E at the farne inftant, that the impedi
ment was applied to G: whereas, if this impediment had been 
applied to any other point of the axis, the cylinder would 
turn upon die point, where the ilnpedinlent was applied. If 
the impedilnent had been applied between E and G, the cy
linder would fo turn on the point, where the inlpcdiment 
was applied, that the end Be would continue to move on 
the fame way it moved before along with the whole cylinder; 
but if the ilnpedinlent were applied to the axis £uther off from 
Ethan G, the end A D of the cylinder would fiart out of its 
pr.efent place that way in which the cylinder moved. From 
this property of the center of ofcillation, it is alfo called the 
center of percuffion. That excellent mathematician, Dr.BRooK 
TAYLOR, has farther improved this doCtrine concerning the 
center of percuifion, by {hewing, that if through this point 
G a line, as G H I, be drawn perpendicular to E F, and lying 

111 
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in the courfe of. the body's motion; a [ufficient power app{1':' 
ed to any point of this line will have the fame effe8:, as the ' 
like pawer applied to G a: fo that as we before {hewed the 
center of percuffion within the body on its axis; by this' means 
we may find tHis center on the furface of the body alfo, for 
it will be where this ,line HI croffes that furface. 

'76. 'I , S HAL L' now proceed to the laft kind of motion, to 
be treated on in this place, and ihew what line the power of 
gravity will cau[e a body to defciibe, when it is thrown for
wards' by any' force. This was firfi di[covered by the great 
GAL I LEO, and is ,the principle, upon which engineers 

, .lhould direct the {hot of great guns. But as in this cafe bo
dies defcribe'intheir motion one of thofe lines, which in geo
.metry are called conIc feltions; it is necefTary .,here to pre
,lnife a defcription of thofe lines. In which I {hall be the 
more parti.cular, becaufe the knowledge of them is not only 
necdfary for the prefent purpofe, but will be alfo required 
'hel'eafter in rome of the principal parts of this treatifc. 

77. T II E hrll: lines confidered by the ancient geonleters 
were the £haight line and the circle. Of there they compo[
.cd various figures, of which they delnonfirated many proper
ties, and rcfolved divers problems concerning theln. Thefe 
problems they attempted always to refolve by the defcribing 
ftraight lines and circles. For inftance, let a fquare ABC D 
! fig. 61.) be propofed, and let it be required to n1ake ano-

a Sec Ml.:thod. Increment, prop. 25, 

ther 



ijHAP. 2. PHI L 0 SO P H Y. 

ther fquare in any affigned proportion to this. Prolong one 
fide, as D A, of this fquare to E, till A E bear the fame propor
tion to A D, as the new fquare is to bear to the fquare A C. 
1f tht oppofite fide Be of the fquar.e A C be; alfo prolonged 
to F, till B F be equal to A E, and E F be afterward!l drawn, 
I fuppofe my readers will eafily conceive, that the figure ABFE 

will bear to the fquare ABC D the fame proportion, as the line 
A E bears to the line A D. Therefore the figure A B F E will 
be equal to the new [quare, which is to be found, but is not. 
it felf a fquare, bccaufe the fide AEis .noto£the,fame length· 
with the fide E F. But to find a ' [quare equal to the figure 
A B FE you rnuft proceed thus. Divide the line DE into two 
equal .parts.in the point G, and to the center Gwith the inter
val G ndefcribe.the circle D H EY; then prolong die line A B, 
till it meets the circle in K; and make the {quare AKLM, which 
fquarewjJ1 be equal to the figure ABFE, and bear to the [quare 
AB CD the fame proportion, as the line A E bears to AD; 

'78. I SHALL nor proceed 'to the proof of this, having 
only here fet it down as a ft1ecimen of the method of refolv-" 
ing geometriCi:al problems by the dcfCJiption of llraight lines 
and circles. But there are forne problems, wiJich cannot be 
refolved by drawing ftraight 'Iines or circles upon a pbne. For 
the management· therefore of thefe they took into conGdera·· 
tion folid figures, and of the {()lid figures they found that, 
w.hich is called a sone, to be the moil: ufeful. 

79. A. 
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79. A CONE is thus dehned by EUCLIDE in his dol..: 

Inents of geometry :l. If to the fl:raight line A B (in fig.6.l-.) 
another fhaight line, as A C, be drawn perpendicular, and the 
two o.tremities .. Band C be joined by a third firaight line 
compofing the triangle A C B (for fo every figure is called, 
which is included under three llraight lines:) then the two 
points A and B being held fixed, as two centers, and the trian
gle A C B being turned round upon the line A B, as on an axis; 
th~ line A C will defcribe a circle, and the figure A C B will 
defcribe a cone, of the form reprefented by the .figure BCDEF 

( fig. 63.) in which the circle. CD E F is ufually called the 
bafe of the cone, and B the vertex. 

80. Now by this figure may feveral problems be refolved, 
which cannot by the fimple defcription of fhaight lines and 
circles upon a plane. Suppofe for infiance, it were required 
to make a cube, which fhould bear any affigned proportion 
to fame other cube named. I need not here inform my read
ers, . that a cube is the figure of a dye. This problem was 
much celebrated among the ancients, and was once inforced 
by the cOlnlnand of an oracle. This problem filay be per
fanned by a cone thus. Firll: make a cone fronl a triangle, 
whofe fide A C thall be half the 1cngth of the fide B C. 

'fhen on the plane ABC D ( fig. 64. ) let the line E F be 
exhibited equal in length to the ftdc of the cube propofed; 
and let the line F G be drawn perpendicular to E F, and of 
fuch a length, that it bear the fame proportion to E F, as the 

a L:b. Xl. Dtf. 
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~A--to be fought is required to bear to the cube propored. 
Through the points E, F, and G let the circle F H J be defcribtd. 
Then let the 'line E F be prolonged beyond F to K, that F K 

be equal to FE, and let the triangle F K L, llaving all its fides 
FK, K L, L F equal to each other, be hung down perpendi
cularly from the plane ABC D. After this, let another plane 
M N 0 P be extended through the point L, fi) as to be equi
diftant from the former plane ABC D, and in this plane let 
the line QL R be drawn [0, as to be equidiftant from the line 
E F K. All this being thus prepared, let fuch a cone, as was 
above direCted to be made, be fo applied to the plane 1\1 N 0 P, 

that it touch this plane upon the line QR, and that the vertex 

of the cone be applied to the pointL. This cone, by cutting 
through the firfi plane ABC D, wi1l crofs the circle F H I be
fore defcribed. And if from the point 5, where the furface 
·of this cone interfeCts the circle, the line 5 T be drawn fo, as 
to be equidil1:ant [raul the line E F; the line F T will be equal 
to the fide of the cube fought: that is, if there be two cubes 
or dyes formed, the fide of one being equal to E F, and the 
fide of the other equal to F T; the former of there cubes fhall 
bear the [arne proportion to the latter, as the line E F bears 
to FG. 

8 I. IN DEE D this placing a cone to cut through a plane is 
not a practicable nlethod of refolving problems. Bl1t when 
the geometers had di[covercd this ufe of the cone, theyap
plied themfClves to confider the nature of the lines, which 
will be produced by the interfeuion of the [urflCC of a cone 

P and 
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and a ~lane; whcr~by they nli~ht be enabled both to ~"''):,( 
thefe klnds of folutions to prachce, and alfo to render tl1.t:lf, \ 

den10nftrations concife and elegant. 

82. W HEN EVE R the plane, which cuts the cone, is equi
difhll1t from another plane, that touches the cone on the fidc; 
( which is the cafe of the pre[ent figure; ) the line, wherein 
the plane cuts the [urface of th~ cone, is called a parabola. 
But if the planc, which cuts the cone, be fo inclined to this 
other, that it will pafs quite through the cone (asinfig. 6 s.) 
fuch a plane by cutting the cone produces the figure called 
an cllipfis, in which we !ball hereafter fhew the earth and 
other planets to move round the fun. If the plane, which 
cuts the cone, recline the other way (as in fig. 6 6.) [0 as not 
to be parallel to any plane, whereon the cone ca~ lie, nor yet 
to cut quite through the cone; fuch a plane fhall produce in 
the cone a third kind of linc, which is called an hyperbola. 
But it is the firfl: of thefe lines named the parabola, wherein 
bodies, that are thrown obliquely, will be carried by the force 
of gravity; as I ihall here proceed to fhew, after having firfl: 
direCted my readers how to defcribe this fort of line upon a 
plane, by which the form of it may be [een. 

8 j. To any fl:raight line A B (fig. 67.) let a ftraight ruler 
CD be [0 applied, as to ftand againfi it perpcndicuhnly. Upon 
the edge of this ruler let another ruler E F be fo placed, as to 
Inove along upon the edge of the firf\: ruler C D, and keep al
ways perpendicular to it. This being fa difpofed, let any 
point, as G, be taken in the line AB, and let a firing equal . m 




