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

10. I~ the next place, fuppofe the bodies A and B wet
both moving the fame way, but A wirh a fwifter motion; {o
as to overtake B, and ftrike againftic. The effect of the per-
cuffion or ftroke, when the bodies are not elaftic, is difcover-
ed by finding the common motion, which the two bodies
would have after the ftroke, if B were at reft, and A were to
advance againft it with a velocity equal to the excefs of the
prefent velocity of A above the velocity of B; and by ad-
ding to this common velocity thus found the velocity of B.

11. Ir the bodies are elaftic, the effe@ of the elafticity is
to be united with this other, as in the former cafes.

12. Wien the bodies are perfectly elaftic, the rule of
Huvcens * in this cafe is to prolong CD (fig. 7.) and to
take in it thus prolonged CE in the fame proportion to ED,
as the greater velocity of A bears to the leffer velocity of B ;
after which FG being taken equal to FE, the velocities of the
two bodies after the ftroke will be determined, as in the two
preceding cafes.

13. Traus I have given the fum of what has been writ-
ten concu'mng the cﬂcus of percutfion, when two bodies
freely in motion ftrike dire@ly againft cach other; and the
refults here fct down, as the confequence of our reafoning

* In the place above-cited.

3 from
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from the laws of motion, anfwer moft exactly to experience.
A particular fet of experiments has been invented to make
mal of thefc effe@s of percuﬂion with the greateft exactnefs,
But I muft defer thef experiments, till I have explained the
nature of pendulums *. I {hall therefore now proceed to de-
{cribe fome of the appearances, which are caufed in bodies
from the influence of the power of gravity united with the
gencral laws of motion ; among which the motion of the
pendulum will be included.

14 T ux moft fimple of thefe appearancesis, when bo-
dics fall down merely by their weight.  In this cafe the body
increafes continually its velocity, during the whole time of its
fall, and that in the very fame proportion as the time increaf-
cs.  For the power of gravity ads conftantly on the body with
the fame degree of ftrength: and it has been obferved above
in the firft law of motion, that a body being once in motion
will perpetually preferve that motion without the continuance
of any cxternal influence upon it: therefore, aftera body has
been once put in motion by the force of gravity, the body
would continue that motion, though the power of gravity
fhould ceafe to aé&t any farther upon it ; but, if the power of
gravity continues ftill to draw the body down, freth degrees
of motion muft continually be added to the body ; and the
power of gravity ading at all times with the fame ftrength,
equal degrees of motion will conftantly be added in equat
portions of time,

* Thefe experiments are delcribed in § 73.

15. Tuis
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15. T urs conclufion is not indeed abfolutely true: for we
fhall find hereafter ?, that the power of gravity is not of the
fame ftrength at all diftances from the center of the earth. But
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 higheft towers or mountains, as upon the
level ground ; {o that in all the obfervations we can make,
the forementioned proportion between the velocity of a fall-
ing body and the time, in which it has been defcendingy ob-
tains without any the leaft perceptible différence.

16. F rowm hence it follows, that the fpace, through which
a body falls, is not proportional to the time of the fall; for
{ince the body increafes its velocity, a greater fpace will be
pafled over in the fame portion of time at the latter part of the
fall, than at the beginning.  Suppofe 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 time it were to
proceed from B to C; I fay, the fpace BC is greater than AB;
{o that the time of the fall from A to C being double the time
of the fall from A to B, A C fhall be more than double of A B.

17. T HE 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
been falling. That is, if we were to take the line DE in the
fame proportion to A B, as the time, which the body has im-
ployed in falling from A to C, bears to the time of the fall

3 Book II. Chup. 5.
from
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Jfrom A to B; then A€ will be to DE in the fame proportion,
In parucular, if the time of the fall through A C be twice the
time of the fall through AB; then DE will be twice A B, and
AC twice DE; or AC four times AB. But if the time of the
fall shrough A C had been thrice the time of the fall through
AB; DE would have been treble of AB, and A C treble of

E; thatis, AC would have been equal to nine times A B.

18. Ir a body fall obliquely, it will approach the ground
bg(ﬂower degrees, than when it falls perpendicularly.  Sup-
pofe two hnes AB, AC (in fig.9.) were drawn, one perpen-
dicular; “and the other obhque to the ground DE: thenif a
body were to defcend in the flanting line AC; becaufe the
power of gravity draws the body direétly downwards, if the
line AC fupports the body from falling in that manner, it
muft take off part of the effet of the power of gravity; fo
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 pafled in the line ACa length equal
to AB; confequently the line AC being longer than AB,
the body fhall moft certainly take up more time in pafling
through AC, than it would have done in falling perpendicu-
lurly down through A B.

19. T e geometers demonftrate; that the time, in which
the body will defcend through the.sblique ftraight line AC,
bears the fame proportion to the time of its defcent through
the perpcndlcular AB, as the line it felf AC bears to AB.

And in refpe& to the velocity, which the body will have ac-
I quired
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quired in the point C, they likewife prove, that the length of
the time imployed in the defcent through A C fo 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 AC, yet the
time of the body’s defcent fhall be fo much prolonged, that
the body fhall acquire the very fame velocity in the point C,
as it would have got at the point B by falling perpendicularly
down.

20. Ira body were to defcend in a crooked line, the tinhe
of its defcent cannot be determined in fo fimple a tianner ;
but the fame property, in relation to the velocity, is demon-
ftrated to take place in all cafes: thatis, in whatever line the
body defcends, the velocity will always be anfwerable to the
perpendicular height, from which the body has fell.  For in-
ftance, fuppofe the body A (in fig. 10.) were hung by a
ftring to the pin B.  If this body were lct fall, till it came to
the point C perpendicularly under B, it will have moved from
Ato Cin the arch of acircle. 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 dire&ly down to C.

21. Ir a body be thrown perpendicularly upward with a--
ny force, the velocity, wherewith the body afcends, fhall
continually diminifh, till at length it be wholly taken away;
and from that time the body will begin to fall down again,
and pafs over a fecond time in its defcent the line, wherein it
afcended; falling through this line with an increafing veloci-
ty in fuch a manner, that in every point thereof, through

which
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“which it falls, it fhall have the very fame velocity, asit had in

the fame place, when it afcended ;and confequently fhall come
down into the place, whence it ﬁrﬁ alcended, with the veloci-
ty which was at firft given to it. Thus if a body were thrown
perpendxculariy up in the line AB (infig. 11.) with fucha
force, as that it fhould ftop at the point B, and there begin
to fall agam when it thall have arrived in its defcent to any
point as C in this line, it (hall there have the fame velocity,
as that wherewith it paffed by this point C in its afcent ; and
at the point A it fhall have gained as great a veloc1ty, as
that wherewith it was firft thrown upwards.  As this is de-
montftrated by the geometrical writers; fo, I think, it will
appear evident, by confidering only, that while the body de-
{cends, the power of gravity muft a& over again, in an invert-
ed order, all the influence it had on the body in its afcent;
fo as to give again to the body the fame degrees of velocity,
which it had taken away before.

22. ArTer the fame manner, if the body were thrown
upwards in the oblique ftraight line CA (infig. 9.) from the
point C, with fuch a degree of velocity as juft to reach the
point A; it fhall by its own weight return again through the
line AC by the fame degrees, as it afcended.

23. Axp laftly, if a body were thrown with any velocity
in a line continually incurvated upwards, the like effect will
be produced upon its return to the point, whence it was
thrown. Suppofe for inflance, the body A (infig. 12.) were
hung by a flring AB. Then if this body be impelled any

12 way,
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way, it muft move in the arch of a circle. Let it receive fuch
an impulfe, as {hall caufe it to move in the archAC; and let
this impulfe be of fuch ftrength, that the body may be car-
ricd from A as far as D, before its motion is overcome by its
weight: I fay here, that the body forthwith returning from
D, fhall come again into the point A with the fame velocity,
as that wherewith it began to move.

24. It will be proper in this place to obferve concerning
the power of gravity, that its force upon any body does prot
at all depend upon the fhape of the body ; but that it conti-
nues conflantly 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 a&ts upon bodies in proportion to the quantity of mat-
ter in them. Whence it thould follow, that all bodies muft
fall from equal heights in the fame fpace of time. And as
we evidently fee the contrary in feathers and fuch like fub-
ftances, which fall very flowly in comparifon of more folid
bodies; it is reafonable to fuppofe, that {ome other caufe con-
curs to make fo manifeft a difference. This caufe has been
found by particular experiments to be the air.  The experi-
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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this metal being the moft weighty of any body known to us.
This glafs they empty of the air contained within it, and by
moving a wire, which paffes through the top of the glafs, they
let the feather and the heavy body fall together ; and it is al-
ways found, that as the two bodies begin to defcend at the
fame time, {o they accompany each other in the fall, and
come to the bottom at the very fame inftant, as near as the eye
ean judge. Thus, as far as this experiment can be depended
on, it is certain, that the effect of the power of gravity upon
%c}x body is proportional to the quantity of folid matter, or to
the power of ina&ivity in each body. For in the limited
fenfe, which we have given above to the word motion, it has
been fthewn, that the fame force gives to all bodies the fame
degree of motion, and different forces communicate different
degrees of motion proportional to the refpeétive powers . In:
this cafe, if the power of gravity were to a& equally upon the
feather, and upon the more folid body, the folid body would
defcend fo much flower than the feather, as to have no great-
er degree of motion than the feather: but as both bodies de-
fcend with equal fwiftnefs, the degree of motion in the folid
body is greater than in the feathcr, bearing the fame propor-
tion to it, as the quantity of matter in the folid body to the
quantity of matter in the feather. Therefore the effe of
gravity on the folid body is greater than.on the feather, in pro-
portion to the greater degree of motion communicated; that.
is, the effect of the power of gravity on the folid body bears:
the fame proportion to its effe on the feather, as the quanti-~

s Chap. I. § 25, 26, 27, compared with § 15, &c.

ty
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ty of matter in the folid body bears to the quantity of matteg
in the feather. Thus it is the proper deduction from this expe-
riment, that the power of gravity aéts not on the furface of bo-
dies only, but penetrates the bodies themfelves moft intimately,
and operates alike on every particle of matter in them. But
as the great qulcknefs, with which the bodies fall, leaves it
fomethmg, uncertain, whether they do defcend abfolutely in
the fame time, or only fo nearly together, that the difference
in their fwift motion is not difcernable to the eye ; this pro-
perty of the power of gravity, which has here been deduced
from this expcnment, is farther confirmed by pendulums,
whofe motion is fuch, that a very minute difference would
become fufficiently fenfible.  This will be farther difcourfed
on in another place * ; but here I fhall make ufe of the prin-
ciple now laid down to explain the nature of what is called
the center of gravity in bodies.

25. THE center of gravity is that point, by which if a
body be fufpended, it fhall hang at reft 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 acts alike on every part ; it isevident, that the parts
of the globe on each fide of the center are drawn with equal
force, and therefore neither fide can yield to the other; but
the globe, if fupported at its center, muft of neceflity hang
atreft. In like manner, if two cqual bodies Aand B (in

» Book II. Chap. 5. § 3.

fig.13.)
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fig. 13.) be hung at the extremities of an inflexible rod CD,
which fhould have no weight ; thefe bodies, if the rod be
fupported at its middle E, fhall equiponderate ; and the rod
remain without motion. For the bodies being equal and at
the fame diftance from the point of fupport E, the power of
gravity will a& upon each with equal ftrength, and in all re-
{pects under the fame circumftances; therefore the weight of
onc cannot overcome the weight of the other. The weight
of A can no more furmount the weight of B, than the weight
of B can furmount the weight of A.  Again, fuppofe a bo-
dy as AB (in fig. 14.) of a uniform texture in the form of a
roller, or as it is more ufually called a cylinder, lying hori-
zontally. If a firaight line be drawn between C and D, the
centers of the extreme circles of this cylinder; and if this
ftraight line, ,commonly called the axis of the cylinder, be
divided into two equal partsin E : this point E will be the
center of gravity of the cylinder. The cylinder being a uni-
form figure, the parts on cach fide the point E are equal, and
fituated in a perfe@ly fimilar manner ; thercfore this cylin- -
der, if fupported at the point F, muft hang at reft, for the
fame reafon as the inflexible rod above-mentioned will remain
without motion, when fufpended at its middle point. And
it is evident, that the force applied to the point E, which
would uphold the cylinder, muft be equal to the cylinder’s
weight. Now fuppofe two cylinders of equal thicknefs AB
and CD to be joined together at CB, fo that the two axis’s
EF, and FG lie in one ftraight line. Let the axis EF be di-

vided into two equal parts at H, and the axis FG mnto two .
equal
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equal parts at 1. ‘Then becaufe the cylinder AB would be
upheld at reft 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 thefe two powers:
but the whole cylinder may likewife be fupported by a power
applied to K, the middle point of the whole axis EG, provided
that power be equal to the weight of the whole cylinder. It
is evident therefore, that this power applied in K will produce:
the fame effe@, as the two other powers applied inHand L. /1t
is farther to be obferved, that HK is equal to half FG, and,
KIequal to half EF; for EX bemg equal to half E G,and EH
equal to half EF, the remainder HK muft be equal to half
the remainder FG; fo likewife GK being equal to half GE,
and GI equal to half GF, the remainder IK myft be equal to
half the remainder EF. It follows therefore, that HK bears
the fame proportion to KI, as FG bearsto EF.  Befides, I
believe, my readers will perceive, and it is demonftrated in
form by the geometers, that the whole body of the cylinder
CD bears the fame proportion to the whole body of the cy-
linder AB, as the axis FG bears to the axis EF . But hence
it follows, that in the two powers applied at Hand I, the
power applied at H bears the fame proportion to the power
applied at I, as KIbearsto KH. Now fuppofe two ftrings
HLand IM extended upwards, one from the point H and the
other from I, and to be laid hold on by two powers, one
firong enough to hold up the cylinder AB, and the other of

# §ce Euclid's Elements, Book X1I. prop.13.

ftrength



Cuar.2. PHILOSOPHY. 65

ftrength fufhicient to fupport the cylinder CD.  Here as thefe
two powers uphold the whole cylinder, and therefore pro-
duce an effect, equal to what would have been produced by
a power applied to the point K of fufficient force to fuftain the
whole cylinder : it is manifeft, that if the cylinder be taken
away, the axis only being left, and from the point K a ftring,
as KN, be cxtended, which fhall be drawn down by a power
equivalent to the weight of the cylinder, this power fhall a&
\againﬁ the other two powers, as much as the cylinder acted
againft them; and confequently thefe three powers fhall be
upon a balance, and hold the axis HT fixed between them.
But if thefe three powers preferve a mutual balance, the
two powers applied to the ftrings HL and IM arc a balance
to each other; the power applied to the ftring H 1. bearing
the fame proportion to the power applied to the firing 1M,
as the diftance TK bears to the diftance KH.  Hence it far-
ther appears, that if an inflexible rod AB (in fig. 15.) be
fufpended by any point C not in the middle thereof; and if
at A the end of the thorter arm be hung a weight, and at B
the end of the longer arm be alfo hung a weight lefs than
the other, and that the greater of thefe weights bears to the
leffer the fame proportion, as the longer arm of the red bears
to the fhorter; then thefe two weights will equiponderate :
for a power applied at C equal to both thefe weights will fup-
port without motion 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 are fixed.  Alfo for the

K fame
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famne reafon, if two weights A and B (in fig. 16.) were con-
ne&cd togethzr by an inflexible rod CD, drawn from C the
center of gravity of A to D the center of gravity of B; and
1f the rod CD were to be fo divided in E, that the part DE
bear t_hq _ﬁme proportion to the other part CE, as the welght
A bears to the weight B : then this rod being fupported at E
will uphold the weights, and keep them at reft without mo-
tion. This pomt E, by which the two bodies A and B will be
fupporte__g, is called their common center of gravity. Apd 1'f/
a greater number of bodies were joined together, the point, by
which they could all be fupported, is called the common center
of gravity of them all. Suppofe (in fig.14.) there were three
bodies A, B, C, whofe refpecive centers of gravity were joined
by the three lines DE, DF, EF: the line D E being fo divided
in G, that DG bear the fame proportion to GE, as B bears to
A; Gisthe center of gravity common to the two bodies A
and B; thatis, a power equal to the weight of both the bo-
dies applied to G would fupport them, and the point G is
prefled 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 line be drawn from G to F, and divided in H, fo that GH
bear the fame proportion to HF, as the weight C bears to
both the weights A and B, the point H will be the common
center of gravity of all the three weights; for H would be
their common center 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 common center of thefe three

weights,



CHar.2. PHILOSOPHY. 67

weights, you might proceed to find the common center, ifa
fourth weight were added, and by a gradual progrefs might
find the common center of gravity belonging to any number
of weights whatever.

26. As all this is the obvious confequence of the propofi-
tion laid down for afligning the common center of gravity of
.any two weights, by the fame propofition the center of éra—
%'ty‘of all figures is found. Inatrangle, asA B C (in
fig. 18.) the center of gravity lies in the line drawn from the
middle point of any one of the fides to the oppofite angle,
as the line BD is drawn from D the middle of the line A C to
the oppofite angle B*; 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 EC, to the oppofite angle; the pointF, where
this line crofles the other line BD, will be the center of gra-
vity of the triangle *.  Likewife DF is equal to half FB, and
EF equal to half FC *.  In a hemifphere, as ABC (fig. 19.)
if from D the center of the bafe the line DB be ereéted per-
pendicular to that bafe, and this line be fo divided in F, that
DE be equal to three fifths of BE, the point E is the center of

gravity of the hemifphere ¢

24. It will be of ufe to obferve concerning the center of
gravity of bodies ; that fince a power applied to this center
alone can fupport a body againft the power of gravity, and

PP yag P gravity
2 Archimed. de ®quipond. prop. 11. prop. 2.

b Jbid. prop. 1z. ¢ Idem L. II. prop. 2.
¢ Lucas Valerius De centr. gravit, folid. L. L.
K 2 hold
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hold it fixed at reft; the effet of the power of gravity on a
body is the fame, as if that whole power were to exert itfelf
on the center of gravity only. Whence it follows, that, when
the power pf gravity acts on a body fufpended by any peint,
if the body is fo fufpended, 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 number of bodies are {fo
conneéted together, that, when any one is put into motion,
the reft fhall, by the manner of their being joined, receiw:
fuch motion, as fhall keep their common center of gravity at
reft ; then the power of gravity fhall not be able to produce
any motion in thefe bodies, but in all other cafes it will.
Thus, if the body AB (infig. 20,21.) whofe center of gra-
vity is C, be hung on the point A, and the center C be per-
pendicularly under A (asin fig. 20.) the weight of the bo-
dy will hold it fhill without motion, becaufe the center C
cannot defcend any lower. But if the body be removed in-
to any other fituation, where the center C is not perpendi-~
cularly under A (asin fig. 21.) the body by its weight will
be put into motion towards the perpendicular fituation of its
ecnter of gravity. Alfo if two bodies A, B (in fig. 22.) be
joined together by the rod CD lying in an horizontal fitua-
tion, and be fupported at the point E; if this point be the
center of gravity common to the two bodies, their weight
will not put them into motion; but if this point E is not their
common center of gravity, the bodies will move ; that part
of the rod CD defeending, in which the common center of
gravity is found. So in like manner, if thefe two bodies were
conneéted together by any ore complex contrivance ; yet

if
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if one of the bodies cannot move without fo moving the
other, that their common center of gravity fhall reft, the

weight of the bodies will not put them in motion, otherwife
it will.

28. I'snaLt proceed in the next place to {peak of the me=
chanical powers. Thefe are certain inftruments or machines,
\¢ontrived for the moving great weights with fmall force; and
their ‘effe@&s are all deducible from the obfervation we have
juft been making. They are ufually reckoned in number
five; the lever, the wheel and axis, the pulley, the wedge,
and the fcrew; to which fome add the inclined plane.  As
thefe inftruments have been of very ancient ufe, {o the cele-
brated Ar cHIMEDESs feems to have been the firft, who dif~
covered the true reafon of their cffects. This, I think, may be
collected from what is related of him, that fome expreflions,
which he ufed to denote the unlimited force of thefe in-
ftruments, were received as very extraordinary paradoxes:
whereas to thofe, who had underftood the caufe of their
great force, no expreflions of that kind could have appeared
{urprizing.

2g. ALy the effe@&s of thefe powers may be judged of by
this one rule, that, when two weights are applied to any of
thefe inftruments, the weights will equiponderate, if, when
put into motion, their vclocities will be reciprocally propor-
tional to their refpe@ive weights. And whatis faid of weights,
muft of neceflity be equally underftood of any other forces

cqui—
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equivalent to weights, fuch as the force of a man’s arm, a
ftream of water, or the like.

30. BuT to comprehend the meaning of this rule; the
reader muft know, what is to be underftood by reciprocal
proportion 3 which I fhall now endeavour to explain, as di-
ftinétly as I can; for I fhall be obliged very frequently to
make ufe of this term. When any two things are {o related,
that one increafes in the fame proportion as the other;they 4re
dire&ly proportional. So if any number of men can perform
in a determined fpace of time a certain quantity of any work,
fuppofe drain a fith-pond, or the like ; and twice the num-~
ber of men can perform twice the quantity of the fame work,
in the fame time; and three times the number of men can
perform as foon thrice the work ;  here the number of men
and the quantity of the work are dire@ly 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 number of men can finith the fame in a
third part of the time; then the number of men and the
time are reciprocally proportional.  'We fthewed above * how
to find the common center of gravity of two bodies, there
the diftances of that common center from the centers of gra-
vity of the two bodies are reciprocally proportional to the re-
{pective bodies. For CE in fig, 16. being in the fame pro-

portion
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portion to ED, as Bbears to A; CE is fo much greater in
proportion than ED, as A is lefs in proportion than B,

31. Now this being underftood, the reafon of the rule
here ftated will eafily appear. For if thefe two bddies were
put in motion, while the point E refted, the velocity, where-
with A would move, would bear the fame proportion to the
velocity, wherewith B would move, as E C bears to ED. The

» ocitz therefore of each body, when the common center
of graviﬁeﬁs, is reciprocally proportional to the body. But
we have thewn above?, that if two bodies are {fo conne&ed to-
gether, that the putting them in motion will not move their
common center of gravity ; the weight of thofe bodies will
not produce in them any motion.  Therefore in any of thefe
mechanical engines, 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, thatis, they will equiponderate. But this perhaps
will be yet more clearly conceived by the particular deferip-
tion of each mechanical power.

32. Tue lever was firft named above. This isa bar made
ufe of to fuftain and move great weights. The bar is ap-
plied in one part to fome ftrong fupport ; as the bar AB (in
fig. 23, 24.) is applied at the point C to the fupport D. In
fome other part of the bar, as E, is applied the weight to be
fuftained or moved ; and in a third place, asF, is applied ano-

ther weight or equivalent force, which is to fuftain or move
5 the
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the weight at E. Now here, if, when the lever thould be
put in motion, and turned upon the point C, the velocity,
‘wherewith the point F would move, bears the fame propor-
tion to the velocity, wherewith the point E would move, as
the weight at E bears to the weight or force at F; then the
lever thus charged will have no propenfity to move either
way. If the weight or other force at F be not {o great as to
bear this proportion, the weight at E will not be fuftained ;
but if the force at F be greater than this, the weight at 3 w’ N
be furmounted. This is evident from what has been faid
above?®, when the forces at E and F are placed (as 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 BC in
fig. 24. on the other fide of the fupport D, tll CG 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 former 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; fince, if the
weight at E were removed, a weight hung at F equal to
that at G would balance the lever, the diftances CG and
CF being equal,

33. Ir the two weights, or other powers, applied to the
tever do not counterbalance each other ; a third power may

be applied in any place propofed of the lever, which fhall

4 Pag. 65, 68.

hold



Cuar.2. PHILOSOPHY. 73

hold the whole in a ‘juﬁ counterpoize. . Suppofe (in fig.as.)
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
fufficient to balance the lever. Find what power in F would
juft céunterbalance the powerin E; then if the difference
between this power and that, which is actually applicd at F,
bear the fame proportion to the third power to be applied 4t
G, asthe diftance CG bears to CF; the lever will be coun-
\woized by the help of this third power, 1if it be fo applied
as to act the Tame way with the power in ¥, when that power
is too fmall to counterbalance the power in E; but other-
wife the power in G muft be fo applied, as to a& againft the
power in F. In like manner, if alever were charged with three,
or any greater number of weights or other powers, which did
not counterpc:ize each other, another power might be applied
in any place propofed, which fhould bring the whole to a
juft balance. And what is here faid concerning a plurality of
powers, may be equally applied to all the following cafes,

34. IF the lever fhould confift of two arms making an
angle at the point C (as in fig. 26.) yet if the forces are ap-
plied perpendicularly to each arm, the fame proportion will
hold between the forces applied, and the diftances of the cen-
ter, whereon the lever refts, from the points to which they
are applied. Thatis, the weight at E will be to the force in
F in the fame proportion, as CF bears to CE.

3 5. But whenever the forces applied to the lever a& ob-

liquely to the arm, to which they are applied (asinfig. 27.)
L then



. Sir Tsane ‘f‘w’NaEwrn Ns  BookxlI

thén the ftrength of the forces is to be eftimated by lines let
fall from the center of the lever to the directions, wherein the-
forcesa@.  To balance the levers in fig. 2%, the weight or
other force at F will bear the fame proportion to the weight
at E, as the diftance CE bears to CG the perpendicular let fall
from the point C upon the line, which denotes the direGtion
“wherein the force applied to Faéts: for here, if the lever be
put into motion, the power applied to F will begin to move in
the direction of the line FG; and therefore its firft motjon )'V‘{U
be the fame, as the motion of the point G.

36. 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 particu]arly called a ba-
lance; and equal weights eqmponderate as in common {cales.

“When the point of fupport is not equally diftant from both
weights, it conflitutes that inftrument for weighing, which
is called a fteelyard. Though both in common {cales, and the
fteelyard, the point, on which the beam is hung, is not ufu-
ally placed juft in the fame ftraight line with the points, that

‘hold the weights, but rather a little-above (asin fig. 28.)
where the lines drawn from the point C, whereon the beam
is fufpended, to the points E and F, on which the weights are
hung, do not make abfolutely one continued line. - If the
three points E, C,and F werein one ftraight line, thofe weights,
which equiponderated, when the beamn hung horizontally,
would alfo equiponderate in any other fituation. But we

fee in thefe inftruments, when they are charged with weights,
which
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‘which equiponderate with the beam hanging horizontally :
that, if the beam be inclined either way, the weight moft
elevated furmounts the other, and defcends, caufing the beam
to fwing, till by degrees it recovers its horizontal pofition,
This effe& arifes from the forementioned ftru@ure : for by
this ftructure thefe inftruments are levers compofed of two
arms, which make an angle at the point of fupport (as in
fig. 2.9, 30.) the firft of which reprefents the cafe of the
common kalance, the fecond the cafe of the fteclyard. In
the firft, where CE and CF arc equal, equal weights hung
at E and F will equiponderate, when the points T and F are
in an horizontal fituation.  Suppofe the lines EG and FH to
be perpendicular to the horizon, then they will denote the di-
reCtions, wherein the forces applied to E and Fa&. There-
fore the preportion between the weights at Eand F, which
fhall equiponderate, are to be judged of by perpendiculars,
as CI, CK, let fall from Cupon EGand FH : fo that the
weights being equal, the lines CT, CX, muft be equal alfo,
when the weights equiponderate.  But I believe my readers
will eafily fee, that fince CE and CF are equal, the lines
CTIand CK will be equal, when the points E and F are ho-
rizontally fituated.

34. Ir this lever be {ct into any other pofition ( as in
fig.31.) then the weight, which is raifed higheft, will out-
weigh the other. Here, if the point F be raifed higher than
E, the perpendicular CK will be longer than CI: and there-
fore the weights would equiponderate, if the weight at ¥

L 2 were
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were lefs than the weight at E.  But the weight at F is equal
to that atE; therefore is greater, than is neceffary to counter-
balance the weight at E, and confequently will outweigh it,
and draw the beam of the lever down.

38. In like manner in the cafe of the fteelyard (fig.32.)
if the weights at E and F are fo proportioned, as to equipon-
derate, when the points E and F are horizontally fituated ;
then in any other fituation of this lever the weighy,_which is
raifed higheft, will preponderate. 'That is, if in the hori-
zontal fituation of the points E and F the weight at F bears
the fame proportion to the weight at E, as C1bears to CX;
then, if the point F be raifed higher than E ( as in fig. 32.)
the weight at F fhall bear a greater proportion to the weight
at E, than CI bears to CK.

39. FarTHER a lever may be hung upon an axis, and
then the two arms of the lever need not be continuous, but
fixed to different parts of this axis; asin fig. 33, where
the axis A B is fupported by its two extremities Aand B. To
this axis one arm of the lever is fixed at the point C, the other
at the point D. Now here, if a weight be hungé}ﬁﬁ, 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
proportion: to the weight at F, as the arm DF bears to
CLE

40. TH1s
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40. THis is the cafe, if both the arms are perpendicular
to the axis, and lie ( asthe geometers exprefs themfelves )
in the fame plane ; or, in other words, if the arms are fo fix-
ed perpendicularly upon the axis, that, when one of them
lies horizontally, the other fhall alfo be horizontal.  If ei-
ther arm ftand not perpendicular to the axis; then, in de-
termining the proportion between the weights, inftead of the
length of that arm, you muft ufe the perpendicular let fall
upon the exis from the extremity of that arm. If the arms
are not {o fixed as to become horizontal, at the fame time
the method of afligning the proportion between the weights
is analagous to that made ufe of above in levers, which make
an angle at the point, whereon they are fupported.

4.1. Frow this cafe of the lever hung on an axis, it is ca-
{y to make a tranfition to another mechanical power, the
wheel and axis.

42. Turs inftrument is a wheel fixed on a roller, the
roller being fupported at cach extremity fo as to tumn
round freely with the wheel, in the manner reprefented in
fig. 34, where ABis the wheel, CD theroller, and EFits
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 may fupport each other, the weight H muft bear the
fame proportion to the weight G, as the thicknefs of the rol-
ler bears to the diameter of the wheel.

43- SurrosE
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43. Surrose the line 27 to be drawn through the mid-
dle of the roller ; and from the place of the roller, where
the cord, on which the weight G hangs, begins to leave the
roller, as at 72, - let the line 722 be drawn perpendicularly to
k17; and from the point, where the cord holding the weight
H begins to leave the wheel, as at o, let the line 0p be drawn
perpendicular to £/ This being done, the two lines op
and 7 reprefent two arms of a lever fixed on the axis £/;
confequently the weight H will bear to the weight &-the fame
proportion, as 727 bears to op. But 7 bearsthe fame pro-
portion to 0p, as the thicknefs of the roller bears to the dia-
meter of the wheel; for 72 is half the thicknefs of the roller,
and ¢p half the diameter of the wheel.

44 Ir the wheel be put into motion, and turned once
round, that the cord, on which the weight G hangs, be
wound once more round the axis; then at the fame time the
cord, whercon the weight H hangs, will be wound off from
the wheel one circuit.  Therefore the velocity of the weight
G will bear the fame proportion to the velocity of the weight
H, as the circumference of the roller to the circumference of
the wheel.  But the circumference of the roller bears the fame
proportion to the circumference of the wheel, as the thick-
nefs of the roller bears to the diameter of the wheel, confe-
quently the velocity of the weight G bears to the veloci
of the weight H the fame proportion, as the thicknefs of
the roller bears to the diameter 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 a¥o the general rule laid

down
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«down above is verified, that the weights equiponderate, when
their velocities would be reciprocally proportional to their

tefpedtive weights.

4.5. I~ like manner, if on the fame axis two wheels of dif-
ferent fizes are fixed (asin fig. 35.) and a weight hung on
each; the weights will equiponderate, if the weight hung on
the greater wheel bear the fame proportion to the weight hung
on the lefler, as the diameter of the lefler wheel bears to the
‘diameter of the greater.

4.6. It isufual to join many wheels together in the fame
frame, which by the means of certain teeth, formed in the cir-
cumference of each wheel, fhall communicate motion to each
other. A machine of this nature is reprefented in fig.36. Here
ABCis a winch, upon which is fixed a fmall wheel D indent-
ed with teeth, which move in the like teeth of a larger wheel
EF fixed on the axis GH. Let this axis carry another wheel
1, which fhall move in like manner a greater wheel K L fixed
on the axis MN. Let this axis carry ancther fmall wheel 0,
which after the fame manner fhall turn about a larger wheel
PQ_fixed on the roller R, on which a cord fhall 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, will moft eafily be eftimated,
by computing the proportion, which the velocity of the point
A would bear to the velocity of the weight. If the wm(.h be
turned round, the point A will deferibe a circle as A V. Sup-

pofe the wheel EF to have ten times the number of tecth, as
the
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the wheel D; then the winch muft turn round ten times to
carry the wheel EF once round. If the wheel KL has alfo ten
times the number of teeth, as I, the wheel T muft turn round
ten times €o carry the wheel KL once round ; and cenfe-
quently the winch ABC muft turn round an hundred times
to turn the wheel KL once round. Laftly, if the wheel PQ
has ten times the number of teeth, as the wheel O, the winch
muft turn about one thoufand times in order to turn the wheel
PQ, orthe roller R S once round. Therefore here the point
A muft have gone over the circle A V a thoufand times, in or-
der to lift the weight T through a fpace equal to the circum-
ference of the roller RS : whence it follows, that the power
applied at A will balance the weight T, if it bear the fame
proportion to it, as the circumference of the roller to one
thoufand times the circle AV ; or the fame proportion as half
the thicknefs of the roller bears to one thoufand times A B.

477. I smary now explain the effe& of the pulley. ILet
a weight hang by a pulley, as in fig. 3%.  Here it is evi-
dent, that the power A, by which the weight B is fupported,
muft be equal to the weight; for the cord CD is equally
ftrained between them; and if the weight B move, the power
A muft move with equal velocity. The pulley E has no other
cffe, than to permit the power A to a& in another direction,
than it muft have done, if it had been directly applied to fupport
the weight without the intervention of any fuch inftrument.

48. Acarx, let a weight be fupported, as in fig. 38;
where the weight A is fixed to the pulley B, and the cord, by
which
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which the weight is upheld, is annexed by oné 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; infSmuch that
althqugh the cord were not ftrong enough to hold ’ghe weight
fingle, yet being thus doubled it might fupportit. 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 ftring would
bear againft 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, muft be equal to juft half the weight. And the fame
proportion bgtween the weight and power might be colle@-
ed from comparing the refpective velocities, with which they
would move ; for it is evident, that the power muft move
through a {pace equal to twice the diftance of the pulley from
the houk, in order to lift the pulley up to the hook.

49. It is equally eafy to eftimatc the cffe®, when many
pulleys are combined together, asin fig. 39, 40; in the firft
of which the under fet of pulleys, and confequently the
weight is held by fix ftrings; and in the latter figure by five:
therefore in the firft of thefe figures the power to fupport the
weight, muft be one fixth part only of the weight, and in
the latter figure the power muft be one fifth part.

M 50. THERE
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56. TuEerE are two other ways of fupperting a weight
by p‘ullcys;/ which I fhall particularly confider.

{ , _

$1. ONE of,thefe ways is reprefented in fig, 4.1. Heze the
weight being conneéted 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 Cis 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 fame reafon as before, if the
power in E be equal to half the force neceffary to uphold the
pulley D; this pulley, and confequently the weight A, will
be upheld : therefore, if the power in E be one eighth part
of the weight A, it will fupport the weight.

$2. ANoTHER way of applying pulleys to a weight is
reprefented in fig. 42. To explain the effect of pulleys thus
applied, it will be proper to confider different weights hang-
ing, asin fig.4.3. Here, if the power and weights balance each
othcr, the power A is equal to the weight B ; the weight Cis
equal to twice the power A, or the weight B; and for the fame
reafon 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, D 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. 5.9 fo that in that figure the
weight
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weiglt A, where there are three pulleys, isTven times the
power B. If there had been but two pulleys, the wgight would
have been three times the power ; and if there hgd ben four
pulleys, the weight would have been fifteen times the power.

53. THE wedge is next to be confidered. The form of
this inftrument is fufhciently known.  When it is put under
any weight (as in fig. 4.4.) the force, with which the wedge
will lift the weight, when drove under it by a blow upon the
end AB, will bear the fame proportion to the force, where-
with the blow would aé on the weight, if direétly 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.

54. THE fcrew is the fifth mechanical power.  There are
two ways of applying this inftrument. Sometimes it is {crewed
into a hole, asin fig. 4.5, where the ferew AB is {erewed
through the plank CD.  Somctimes the fcrew is applied to
the teeth of a wheel, asin fig. 46, where the thred of the
{crew A B turnsin the tceth of a wheel CD. In both thefe
cafes, if a bar, as A E, be fixed to the end Aof the {crew ; the
force, wherewith the end B of the {erew in fig. 45 s
forced down, and the force, wherewith the teeth of the
wheel CD in fig. 44 are held, bears the fame proportion
to the power applied to the end E of the bar; as the velocity,
wherewith the end E will move, when the {crew is turncd,
bears to the velocity, wherewith the end B of the fcrew in fig.
43, or the teeth of the wgheel CD.in fig. 4.6, will be moved.

M 2 55. THE
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s5. THEe inclined plane affords alfo a means of raifing
a weight with lefs force, than what is equal to the weizht it
felf. Suppofe it were required to raife the globe A (in fig.
4. from the ‘ground B C up to the point, whofe perpendl—
cular height from the ground is ED.  If this globe be drawn
along the flant DF, lefs force will be requlre_d toraife it, than:
if it were lifted directly up.  Here if the force applied to the
globe bear the fame proportion only to its weight, as E D bears
to FD, 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 prefling againft the plane, where-
on it lies, adhere in fome degree to the plane.  This indeed
it muft always do more or lefs, fince no plane can be made fo
abfolutely {fmooth as to have no inequalities at all; nor yet fo
infinitely hard, as not to yield in the leaft t(( the prcﬂure of the
weight. ‘Therefore the globe carmot be laid on fuch a piane,
whereon it will {lide with perfec freedom, but they muft in
fome meafure rub againft each other ; and this friion will
make it neccflary to imploy a certain degree of force more,
than what is neceflary to fupport the globe, in order to give
it any motion.  But as all the mechanical powers are fubje&
in fome degree or other to the like impediment from friGion ;
I thall here only fhew what force would be neceffary to fu-
ftain the globe, ifit could lie upon the plane without caufs
ing any frition at all.  And I fay, thatif the globe were
drawn by the cord GH, lying parallel to the plane DF; and
the force, wherewith the cord is pulled, bear the fame
proportion to the weight of the globe, as ED bears to DF;

this
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this force will fuftain the globe. In orderdq the making
proof of this, let the cord GH be continued ony and turned
over [the pulley I, and let the weight K be Nung to it.
No fay, if this weight bears the fame prdportion to
the globe A,\as DE bearsto DF, the weight will fupport
the globe. I think it is very manifeft, that the center of the
globe A will Ke i}y one continued line with the cord HG. Let
L be the center of Jthe 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 fhall lie horizontally ; and I fay,
if the globe be moved either up or down the planc DF, the
weight will fo move along with it, that the center of gravity
common to both the weights fhall continue in this line LM,
and therefore fhall in no cafe defcend.  To prove this more
fully, T fhall depart a little from the method of this treatife,
and make ufe of a mathematical propofition or two: but they
are fuch, as any perfon,who hasread Evcrips ELemenTs,
will fully comprehend; and are in themfelves {o evident, that,
I belicve, my readers, who are wholly ftrangers to geometri-
cal writings, will make no difficulty of admitting them. This
being premifed, let the globe be moved up, till its center be
at G, then will M the center of gravity of the weight K be
funk to N; fo that MN fhall be equal to GL. Draw NG
crofling the line ML in O; then 1 fay, that O is the comnion
center of gravity of the two weights in this their new fitua-
tion. Let GPbedrawn perpendicular to ML; then GL will
bear the fame proportion to GP, as DF bears to DE;, and

M N being equal to G, MN will bear the fame proportion
to
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to GP, as DPAears to DE.  But N O bears the fame propor-
tion to O Gy as M N bears to GP; confequently N O will bear
the fame ffroportion to OG, as DT bears to DE. dic): laft
place, the;weight of the globe A bears the fame propordon to
the other weight K, as DF bears to DE; thepetore 'N O bears

the fame proportion to O G, as the weight of the globe A bears
to the weight K. Whence it follows, that/ when the center
of the globe A is in G, and the center of gfavity of the weight
K isin N, O will be the center of gravity common to both
the weights. ~ After the fame manner, iff the globe had been
caufed to defcend, the common center of gravity would have
been found in this line MI. Since therefore no motion of
the globe either way will make the common center of gravity
defcend, it is manifeft, from what has been faid above, that
the weights A and K counterpoize each other.

56. 1 suaL1L now confider the cafe of pendulums. A
pendulum is made by hanging a weight to a line, fo that it
may {wing backwards and forwards.  This motion the geo-
meters have very carefully confidered, becaufe it is the moft
commodious inftrument of any for the exaé meafurement of
time.

57- 1 Have obferved already 7, that if a body hanging
perpendicularly by a ftring, as the body A (in fig. 4.8.) hangs
by the firing AB, be put {o into motion, as to be made to a-
fcend up the circular arch AC; then as foon as it has arrived

s § 23,
at
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at theHigheft point, to which the motion, the body has
received, will carry it; it will immediately begino defeend,

and at A will receive again as great a degree of mafion, asit
had atfirft.  This motion therefore will carsy the body up
the arch AD, -as high as it afcended before in the arch AC.

Confc.quently in its return through the arch D A it will acquirc
again at A its original velocity, and advance a fecond time up
the arch A Cas highlas at firft; by this means continuing with-
out end its reciprocal motion. It is true indeed, that in fa&t
every pendulum, which we can put in motion, will gradual-
ly leflen its fwing, and at length ftop, unlefs there be fome
power conftantly applied to it, whereby its motion fhall be
renewed ; but this arifes from the refiftance, which the body
meets with both from the air, and the ftring by which 1t is
hung: for asthe air will give fome obftru&ion to the progrefs
of the body moving through it; {o alfo the ftring, whereon.
the body hangs, will be a farther impediment; for this ftring
muft either {lide on the pin, whereon it hangs, or it muft bend
to the motion of the weight ; in the firft there muft be fome
degree of fri¢ion, and in the latter the ftring will make fome
refiftance to its infle&ion. However, if all refiftance could
be removed, the motion of a pendulum would be perpetual.

58. Bur to proceed, the firft property, I fhall take no-
tice of in this metion, 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 {o great a proportion
asthe arch. Thus if CD be a greater arch, and EF a lefler,

where CA is equal to AD, and EA equal to AF; the body,
‘th :
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when it fwipgsthrough the greater arch CD, fhall tare up ir
its fwing fybm C to D a longer time than in {winging trom E
to F, when it moves only in that lefler arch ; or the time in
which thé body let fall from C will defcend through the arch
C A is greater than the time, in which it will defcend through
the arch EA, when let fall from E.  But the firft of thefe
times will not hold the fame proportion tg the latter, as the
firft arch C A bears to the other arch EA{, which will appear
thus. Let CG and EH be two horizontil lines. It has been
remarked above ?, that the body in falling through the arch
C A will acquire as great a velocity at the point A, asit would
have gained by falling dire@ly down through GA; 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
HA. Therefore, when the body defcends through the great-
er arch C A, it fhall gain a greater velocity, than when it paf-
fes only through the leffer; {o that this greater velocity will in
fome degree compenfate the greater length of the arch.

59. Tre increafe of velocity, which the body acquires
in falling from a greater height, has fuch an effe®, that, if
ftraight lines be drawn from Ato C and E, the body would
fall through the longer ftraight line C A juft in the fame time,
as through the fhorter ftraight line EA.  This is demonftrat-
«ed by the geometers, who prove, that if any circle, as ABCD
(fig- 49.) be placed in a perpendicular fituation; a body
fhall fall obliquely through cvery line, as A B drawn from the
loweft point A in the circle to any other point in the circum-

s § z0.

ference
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ference juft in the fame time, as would be jmployed by the
body in falling perpendicularly down thréug\ the diameter
CA. But the time in which the body will defcend through
the arch, is different from the time, which it wquld take up
in falling through the line AB.

6o. It has been thought by fome, that becaufe in very
fmall arches this correfpondent ftraight line differs but little
from the arch it{lf; therefore the defcent through this
ftraight line woulg be performed in fuch fmall arches nearly
in the fame time as through the arches themfelves: fo that
if a pendulum were to fwing in {mall arches, half the time
of a fingle {wing would be nearly equal to the time, in which
a body would fall perpendicularly through twice the length
of the pendulum.  That is, the whole time of the fwing, ac-
cording to this opinion, will be four fold the time required
for the body to fall through half the length of the pendu-
lum ; becaufe the time of the body’s falling down twice the
length of the pendulum is half the time required for the fall
through one quarter of this fpace, that is through half the
pendulum’s length. However there is here a miftake ; for
the whole time of the fwing, when the pendulum moves
through {mall arches, bears to the time required fora body
to fall down through half the length of the pendulum very
nearly the fame proportion, as the circumference of a circle
bears to its diameter ; that is very ncarly the proportion of
355 to 113, or little more than the proportion of 3 to 1.
If the pendulum takes fo great a {wing, as to pafs over anarch

equal to one fixth part of the whole circumference of the
N circle,
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circle, it will fifing 115 times, while it ought according to
this proporti have fwung 117 times ; {o that, when'it
fwimgs in fo' large an arch, ‘it lofes fomething lefs than two
fwings in gn hundred. If it fwing through J only of the
circle, it fhall not lofe above one vibration in 160. K it
fwing in 2 of the circle, it fhall lofe about one vibration in
69o. If its fwing be confined to % of the whole circle, it
fhall lofe very little more than one fwing in 2600. And
if it take no greater a fwing than through { of the whole cir-
cle, it fhall not lofe one fwing in s8oo0.

61. Now it follows from hence, that, when pendulums
{fwing in fmall arches, there is very nearly a conftant propor-
tion obferved between the time of their fwing, and the time,
in which a body would fall perpendicularly down through
half their length. And we have declared above, that the
fpaces, through which bodies fall, are ina two fold propor-
tion of the times, which they take up in falling . There-
fore in pendulums of different lengths, fwinging throug hfmall
arches, the lengths of the pendulums are in a two fold or
duplicate proportion of the times, they take in {winging ;
{o that a pendulum of four times the length of another fhall
take up twice the time in each {wing, one of nine times the
length will make one fwing only for three {wings of the
thorter, and fo on.

62. THis proportion in the fwings of different pendu-
lums not only holds in fmall arches ; but in large ones alfo,,

§ 17
provided
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prowded they be fuch, as the geometers ?ﬁ fimilar ; that

i the arches bear the fame proportion (6" the whole cir-
cumferences of their refpe@ive circles.  Suppofe (in fig. 48.)
AB, CD to be two pendulums.  Let the arch EFbe defcrib-
ed by the motion of th. pendulum AB, and the arch GH
be defcribed by the pendulum CD ; and let the arch EF bear
the fame proportion to the wholc circumference, which
would be formed by turning the pendulum A B quite round
about the point A,y as the arch GH bears to the whole cir-
cumference, that }rou]d be formed by turning the pendu-
lum CD quite round the point C. T henT fay, the propor-
tion, which the length of the pendulum AB bears to the

lcngth of the pcndulum CD, will be two fold of the propor-
tion, which the time taken up in the defcription of the arch
E T bears to the time employed in the defeription of the arch
G H.

63. Tuus pendulums, which fwing in very {mall arches,
arc nearly an equal meafure of time. But as they are notfuch
an equal meafure to geometrical exactnefs ; the mathematicians
have found out a method of caufing a pendulum {o to fwing,
that, if its motion were not obftruéted by any refiftance, it
would always perform each fwing in the fame time, whether
it moved through a greater, or a lefler {pace.  This was firft
difcovered by the great Huvcens, and is as follows.  Up-
on the ftraight line A B (in fig. 49.) let the circle CDE be {o
placed, as to touch the ftraight line in the point . Then let
this circle roll along upon the firaight linc AB, asa coach-
wheel rollc along upon the ground. It is evident, that, as

N {oon
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foon as ever the circle begins to move, the point C in the cir-
cle will be i ff from the ftraight line AB; and iT'the”
motion of the cirdle will defcribe a crooked courfe, which is
reprefented by the line CFGH. Here the part CH of the
ftraight line inchuded between the two extremities C and H
of the line CEGH will be equal to the whole circumference
of the circle CDE; and if CH be divided into two equal
parts at the point I, and the ftraight line IK be drawn per-
pendicular to CH, this line 1K will be equl to the diameter
of the circle CDE.  Now in this line if 3 body were to be
let fall from the point H, and were to be carried by its weight
‘down the line H GK, as far as the point K, which is the loweft
point of the line CFGH ; 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 fame time in coming to
K, as the body takes up, which falls from H. Therefore if
a pendulum can be {o hung, that the ball (hall move in the
line AGFE, all its fwings, whether long or {bort, 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 KI (in fig.
$2.) be prolonged upwards to L, till IL is equal to IK.
Then let the line L MH equal and like to K H be applied, as
in the figure between the points L and H, {o that the point
which in this line LMH anfwers to the point H in the line
K H fhall be applied to the point L, and the point anfwering
to the point K fhall be applied to the point H.  Alfo let fuch
another line LN C be applied between L and C in the fame
manner.
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mapner. This preparation being made; if a pendulum be
hung at the point L of fuch a length, that;the ball thereof
fhall reach to X ; and if the firing fhall continually bend a-
gainft the lines HML and LNC, as the pendufum {fwings

to and fro; by this means the ball {hall conftantly keep in
the line CKH.

64. Now in this pendulum, asall the fwings, whether
long or thort, will bg performed in the fame time; fo the time
of each will exa@lyf bear the fame 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-
cumference of a circle bears to its diameter.

65. It mayr from hence be underftood in fome meafure,
why, when pendulums fwing in circular arches, the times of
their fwings are nearly equal, if the arches are fmall, though
thofe arches be of very unequal lengths ; for if with the fe-
midiameter L K the circular arch OKP be defcribed, this arch
in the lower part of it will differ very little from the line
CKH.

66. It may not be amifs here to remark, that a body
will fall in this line CKH (fig. 53.) from C to any other
point, as Qor R in a fhorter {pace of time, than if it moved
through the ftraight line drawn from C to the other point ;
or through any other line whatever, that can be drawn be-
tween thefe two points.

3 67.Bur
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6%. But as-Bhave obferved, that the time, which apen-
dulum takes in fWinging, depends upon its length ; T fhall
now fay fo(jnething concerning the way, in which this length
of the pendulunt is to be eftimated.  If the whole ball of the
pendulim could be crouded into one point, this length, by
which the motion of the pendulum is to be computed, would
be the length of the ftring or rod.  But the ball of the pen-
dulum muft have a fenfible magnitude, gnd the feveral parts
of this ball will not move with the fame legree of fwiftnefs ;
for thofe parts, which are fartheft from the point, whercon
the pendulum is fufpended, muft move with the greateft ve-
locity.  Therefore to know the time in which the pendulum
{fwings, it is neceflary to find that point of the ball, which
moves with the fame degree of velocity, asif Lhe whole ball
were to be contracted into that point.

6 8, T 115 point is not the center of gravity, as I fhall now
endeavour to thew. Suppofe the pendulum A B (in fig. 54..)
compofed of an inflexible rod A C and ball €B, to be fixed
on the point A, and lifted up into an horizontal fituation.
Here if the rod were not fixed to the point A, the body CB
would defeend  direétly with the whole force of its weight ;
and each part of the body would move down with the fame
degree of {wiftnefs. But when the rod is fixed at the point
A, the body muft fall after another manner ; for the parts
of the body muft move with different deglccs of velocity,
the parts more remote from A defcending with a fwifter mo-
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 obferved above, that the effet of gravity upon any bo-
dy is the fame, "as if the whole force were exested on the bo-
dy's center of gravity . Since therefore the power of gravity
in drawing down the body muft alfo communicate to it the
rolling motion juft deferibed 5 it {eems evideng, that the cen-
ter of gravity of the body cannot be drawn down as fwiftly,
as when the power of gravity has no other effe& to produce
on the body, than merely to draw it downward. 1If there~
fore the whole matter of the body C 8 could be crouded into.
its center of gravity, fo that being united into one point, this
rolling motion here mentioned might give no hindrance to
its defcent ; this center would defcend fafter, than it can now
do. And the point, which now defcends as faft, as if the
whole matter of the body CB were crouded intoit, will be
farther removed from the point A, than the center of gravity

of the body CB.

69. Acarn, fuppofe the pendulum AB (in fig. 55.) to
hang obliquely. Here the power of gravity will operate lefs
upon the ball of the pendulum, than before : but the lineDE.
being drawn {o, as to ftand perpendicular to the rod AC of
the pendulum ; the force of gravity upon the body CB,
now it is in this fituation, will produce the fame effe@, as
if the body were to glide down an inclined planc in the po-
fidon of DE. But here the motion of the body, when the
rod is fixed to the point 4, will not be equal to the uninter-
rupted defcent of the body down this plane ; for the body

§ 27.
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will here alfo receive the fame kind.of rotation in its motion,
as before ; {o that the motion of the center of gravity will in
like manner be retarded ; and the point, which here de-
{cends 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 removed from the point 4, as
before.

~o. THis point, by which the length of the pendulum is
to be eftimated, is called the center of ofcillation.  And the
mathematicians have laid down general dire&tions, whereby
to find this center in all bodies. If the globe A B (in fig. 56.)
be hung by the ftring CD, whofe weight nced not be re-
garded, the center of ofcillation is found thus. Let the
ftraight line drawn from Cto D be continued through the
globe to ¥.  That it will pafsthrough the center of the globe
is evident.  Suppofe E to be this center of the globe ; and
take the line G of fuch a length, that it fhall bear the fame
proportion to ED, as LD bears to EC. Then EH being
made cqual to 2 of G, the point H fhall be the center of of-
cillation®.  If the weight of the rod CDis too confiderable

to be negle&ted, divide CD (ﬁﬂ 577)in ], that DI be equal
to 3 part of CD; and take K in the fame proportion to C1, as

the weight of the globe AB to the weight of therod CD.
“Then having found H, the center of ofcillation of the globe, as
before, divide IKin L, fothat TL fhall bear the fame pro- .

* Hugen. Horolog. ofcillat. pag. 141, 142,

poriicn



Cuar;e. PHYLOQSOPHY. 97

rtion to LH, as the line CH bears to K ; and L fhall be
the center of ofcillation of the whole pendulum

#I. T H1s computation is made upon fuppoﬁtxon that the
center of ofcillation of the rod C D, if that wete to {fwing alone
without any other weight annexed, would be the point I.
And this point would be the true center of ofcillation, fo far
as the thicknefs of the rod is not to be regarded. If any one
chufes to take into confideration the thicknefs of the rod, he
muft place the center of ofcillation thereof fo much below
the pomt I, that eight times the diftance of the center from
the point I fhall bear the fame proportion to the thicknefs of
the rod, as the thicknefs of the rod bears to its length CD*

‘72. It has been obferved above, that when a pendulum
fwings in an arch of a circle, as here in fig. 58, the pendu-
lum A B fwings in the circular arch CD; if you draw an ho-
rizontal line, as EF, from the place whence the pendulum is
let fall, to the line A G, which is perpendicular to the horizon:
then the velocity, which the pendulum will acquire in com-
ing to the point G, will be the faine, as any body would ac-
quire in falling directly down from F to G. Now this is to be
underftood of the circular arch, which is defcribed by the cen-
ter of ofcillation of the pendulum. I fhall here farther ob-
ferve, thatif the ftraight line £G be drawn from the point,
whence the pendulum falls, to the loweft point of the arch ;
in the fame or in equal pendulums the velocity, which the

* Sce Huges. Horeing. Olcdlar, p.or42,

O pendulum
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pendulum acquires in G, is proportional to this line : that is,if
the pendulum, after it has defcended from E'to G, be taken
back to H, and let fall from thence, and the line HG be
drawn; the velocity, which the pendulum fhall acquife in
G by its defcent from H, thall bear the fame proportion to
the velocity, which it acquires in falling from E to G, as the
ftraight line H G bears to the ftraight line E G.

+3. We may now proceed to thofe experiments upon the
percuffion of bedies, which I obferved above might be
made with pendulums. This expedient for examining the
effe®s of percuflion was firft propofed by our late great
archite& 3ir CarisTorwEr WrEN. Anditis as follows.
Twa balls, as A and B (in fig. 59.) either equal or une-
qual, are hung by two ftrings from two points Cand D, fo
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 removed to any diftance from its perpen-
dicular fituation, and then let fall to defcend and firike a--
gainft the other; by the laft preceding paragraph it will be
known, with what velocity this ball fhall return into its firft
perpendicular fituation, and confequently with what force it
{hall-ftrike againft the other ball; and by the height to which
this other ball afcends after the firoke, the velocity commu-
nicated to this ball will be difcovered.  For inftance, let the
ball'A be taken up to E, and from thence be let fall to ftrike
againft B, paffing over in its defcent the circular arch EF.
By this impulfe let B fly up to G, moving through the ciwens-.
lar arch HG.. Then EI and GX being drawn horizontally, ,
the .
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ﬂt/he ball A will firike againft B with the velocity, which it
would acquire in falling dire@ly down from 1; and the ball
B has reccived a velocity, wherewith, if it had been thrown
diregtly upward, it would have afcended up toK. Likewife
if ftraight lines be drawn from E to F and ffom H to G, the
velocity of A, wherewith it ftrikes, will bear the fame pro-
portion to the velocity, which B has received by the blow, as
the flraight line EF bears to the ftraight line HG. In the
{fame manner by noting the place to which A afcends after the
ftroke, its remaining velocity may be compared with that,
wherewith it ftruck againft B. Thus may be experimented
the effeéts of the body A ftriking againft B at reft.  If both
the bodies are lifted up, and {o let fall as to meet and impinge
againft each other juft upon the coming of both into their
perpendicular fituation ; by obferving the places into which
they move after the ftroke, the effe@s of their percuflion in
all thefe cafes may be found in the fame manner as before.

4. Sir Isaac NewT o has deferibed thefe experiments;
and has thewn how to improve them to a greater exadnefs by
making allowance for the refiftance, which the air gives to
the motion of the balls®.  But as this refiflance is exceeding
fmall, and the manner of allowing for it is delivered by him-
{clf in very plain terms, I nced not enlarge upon it here. 1
{hall rather {peak to a difcovery, which he made by thefe ex-
periments upon the clafticity of bodies. It has been explained

above ®, that when two bodies ftrike, if they be not elaftic,

@ Princip. Philof. pag. 22. b Chap. 1. § 29.

O 2 they
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they remain contiguous after the ftroke;  but that if they are.
elaftic, they feparate, and that the degree of their elaflicity

determines the proportion between the cclerity wherewith

they feparate, and the celerity wherewith they meet.  Now

our author found, that the degree of elaflicity appeared in

the fame bodies always the fame, with whatever degree of
force they ftruck ; that is, the celerity wherewith they fe-

parated, always bore the fame proportion to the celerity

wherewith they met :  {o that the elaftic power in all the bo-

dics, he made trial upon, exerted it felf in one conftant pro-

portion to the comprefling force. ~ Our author made trial

with balls of wool bound up very compa&, and found the

celerity with which they receded, to bear about the propor-

tion of 3 to 9 to the celerity wherewith they met; andin

ftcel he found nearly the fame proportion; in cork the elafti-

city was fomething lefs; but in glafs much greater; for the

celerity, wherewith balls of that material feparated after per-

cuflion, he found to bear the proportion of 1§ to 16 to the

celerity wherewith they met *

~5. 1 suart finith my difcourfe 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 fame equa-
ble motion. Now the force, with which fuch a body

@ Princip. Philof. pag. 25,
4 moves,
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roves, s all united in the point, which in relation to the
power of gravity is called the center of ofcillation.  Let the
cylinder ABCD (in fig. 60.) whofeaxisis LF, be fixed to
the point B.  And fuppofing the point E to he that cn which
the cylinder is fufpended, let the center of ofcillation be
found in the axis EF, as has been explained above % Let G
be that center: then I fay, that the force, wherewith this cy-
linder turns round the point E, is {o united in the point G, that
a fufhcient force applied in that point fhall ftop the motion of
the cylinder, in fuch a manner, that the cylinder thould im-
mediately remain without motion, though it were to be loof-
encd from the point E at the fame 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 the point, where the impediment was applied. If
the impediment had been applied between E and G, the cy-
linder would fo turn on the point, where the impediment
was applied, that the end BC would continue to move on
the fame way it moved before along with the whole cylinder;
but if the impediment were applied to the axis farther off from
E than G, the end AD of the cylinder would ftart out of its
prefent place that way in which the cyhndcr moved. From
this property of the center of ofcillation, it is alfo called the
center of percuflion. That excellent mathematician, Dr.Broox
TavLor, has farther improved this do@rine concerning the
center of percuffion, by fthewing, that if through this point
G a line, 25 GHI, be drawn perpendicular to EF, and lying

2§ 7v .
1)
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in the courfe of the body’s motion ; a fufficient power app}:-
ed to any point of this line will have the fame effet, us the”
like power applied to G *: {o that as we before (hewed the
center of percuflion within the body on its axis; by this means
we may find this center on the furface of the bedy alfo, for
it will be where this line HI croffes that furface.

~6. 1 suaLyLnow proceed to the laft kind of motion, to
be treated on in this place, and fhew what line the power of
gravity will caufe a body to delcribe, when it is thrown for-
wards by any force. 'This was firft difcovered by the great
GavriLeo, and is the principle, upon which engineers
“Jhould direé the fhot of great guns. Butasin this cafe bo-
dies defcribe in their motion one of thofe lines, which in geo-
‘metry are called conic fe¢tions ; it is neceffary here to pre-
‘mife a defcription of thofe lines. In which I fhall be the
more particular, becaufe the knowledge of them is not only
neceffary for the prefent purpofe, but will be alfo required
‘hereafter in fome of the principal parts of this treatife.

4. Tue firft lines confidered by the ancient geometers
were the ftraight line and the circle.  Of thefe they compof-
ed various figures, of which they demonftrated many proper-
ties, and refolved divers problems concerning them. Thefe
problems they attempted always to refolve by the defcribing
ftraight lines and circles.  For inftance, let a fquare ABCD
( fig. 61.) be propofed, and let it be required to make ano-

32 Sce Method. Increment. prop. 25.
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ther fquare in any affigned proportion to this. Prolong one

fide, as D A, of this fquare to E, till AE bear the fame propor-

tion to AD, as the new fquare is to bear to the fquare AC.

If tht oppofite fide BC of the {quare AC bg alfo prolonged
to F, till BF be cqual to AE, and EF be afterwards drawn,
1 fuppofe my readers will eafily conccive, that the figure ABFE
will bear to the fquare A B C D the fame proportion, as the line
AE bears to the line AD. Therefore the figure ABFE will

be equal to the new {quare, which is to be found, but is nat
it felf a fquare, becaufe the fide AE is not of the.fame length-
with the fide EF.  But to find a {quare equal to the figure
A BFE you muft proceed thus.  Divide the line DE into two
equal parts in the point G, and to the center G with the inter-
val G D defcribe the circiée DHET ; then prolong the line A B,
till it meets the circle in X ; and make the fquare AKLM, which

fquare will be equal to the figure ABFE, and bear to the {quare

ABCD the fame proportion, as the line AE bears to AD.

~8. I suaLL not proceed to the proof of this, having
only here fet it down as a fpecimen of the method of refoly-
ing geometrical problems by the defaiiption of ftraight lines
and circles. But there are fome problems, which cannot be
refolved by drawing ftraight lines or circles upon a plane. For
the management therefore of thefe they took into confidera-
tion folid figures, and of the folid figures they found that;
which is called a cone, to be the moft ufeful.

79. A
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~9. A conek is thus defined by BucLipe in his 14
ments of geometry > If to the ftraight line A B (in fig.62.)
another ftraight line, as AC, be drawn perpendicular, and the
two extremities, B and C be joined by a third ftraight line
compofing the triangle ACB ( for fo every figure is called,
which is included under three ftraight lines:) then the two
points A and B being held fixed, as two centers, and the trian-
gle A CB being turned round upon the line A B, as on an axis;
the line A C will defcribe a circle, and the figure ACB will
defcribe a cone, of the form reprefented by the figure BCDEF
( fig. 63.) in which the circle CDEF is ufually called the
bafe of the cone, and B the vertex.

80. N ow by this figure may feveral problems be refolved,
which cannot by the fimple defcription of ftraight lines and
circles upon a plane.  Suppofe for inftance, it were required
to make a cube, which fhould bear any afligned proportion
to fome other cube named. I need not here inform my read-
ers, that a cube is the figurc of a dye. This problem was
much celebrated among the ancients, and was oncc inforced
by the command of an oracle. This problem may be per-
formed by a cone thus. Firft make a conc from a triangle,
whofe fide AC fhall be half the length of the fide BC.
‘Then on the plane ABCD ( fig. 64. ) let the line EF be
exhibited equal in length to the fide of the cube propbfcd;
and let the line FG be drawn perpendicular to EF, and of
fuch a length, that it bear the fame proportion to EF, as the

a Lib. XI. Def.

cube
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o be fought is required to bear to the cube propofed.
%hrough the points E, F, and G let the circle FH I be defcribed.
Then let the line EF be prolonged beyond F to X, that FK
be equal to FE, and let the triangle FKL, havmg all its fides
FX, KL, LF equal to cach other, be hung down perpendi-
cularly from the plane ABCD.  After this, let another plane
MNOP be extended through the point 1, {o as to be equi-
diftant from the former plane ABCD, and in this plane let
the line QLR be drawn o, as to be equidiftant from the line
EFK. All this being thus prepared, let fuch a cone, as was
above dire¢ted to be made, be fo applied tothe planeMN OP,
that it touch this plane upon the line QR, and that the vertex
of the cone be applied to the point L. This cone, by cutting
through the firft plane ABCD, will crofs the circle FHI be-
fore defcribed.  And if from the point S, where the furface
of this cone interfeds the circle, the line $T be drawn {o, as
to be equidiftant from the line EF; the line F T will be equal
to the fide of the cube fought : thatis, if there be two cubes
or dyes formed, the fide of one being equal to EF, and the
fide of the other equal to F'['; the former of thefe cubes fhall
bear the fame proportion to the latter, as the line EF bears

to FG.

81. InpreD this placing a cone to cut through a plane is
not a practicable method of refolving problems.  But when
the geometers had difcovered this ufe of the cone, they ap-
plied themiclves to confider the nature of the lines, which

will be produced by the interfection of the furface 01 a cone
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and a plane ; whereby they might be enabled both to ret...
thefe kinds of folutions to practice, and alfo to render t} e
demonftrations concife and elegant.

82. WuenrEver the plane, which cuts the cone, is equi-
diftant from another planc, that touches the cone on the fide;
( which is the cafc of the prefent figure ;) the line, wherein
the plane cuts the furface of the 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. 65.)
fuch a plane by cutting the cone produces the figure called
an cllipfis, in which we fhall hereafter thew the earth and
other planets to move round the fun. If the plane, which
cuts the cone, recline the other way (as in fig.66.) fo as not
to be parallel to any plane, whereon the cone can lie, nor yet

‘to cut quite through the cone; fuch a plane (hall produce in
the cone a third kind of line, which is called an hyperbola.
But it is the firft of thefe lines named the parabola, wherein
bodies, that are thrown obliquely, will be carried by the force
of gravity; as I fhall here proceed to thew, after having firft
direéted my readers how to defcribe this fort of line upon a
plane, by which the form of it may be feen.

83. T o any ftraight lineAB (fig. 67.) let a ftraight ruler
CDbc fo applied, as to ftand againit it perpendicululy. Upon
the edge of this ruler let another ruler EF be fo placed, as to
move along upon the edge of the firft ruler CD, and keep al-
ways perpendicular to it. This being fo difpofed, let any
point, as G, be taken in the line AB, and let a ftring equal
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