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Fig. ro. Demonfirat verticalem tumoris fe@tionem.

A, G, H, Flexuofa tumoris cavitas, ¢x foramine 4,
Fig. 9. oblique in ejufdem corpus defcendens, qua
in centro in duas minores cavitates 4 I, H K,
dirimitur. ‘

I K, Alia major in fundo tumoris cavitas, per quam
ad prafatas minores patct aditus. In hoc tumoris
cavo modicum offendimus ichoris, qui {olo contactu
argenteum perfpicillum denigravit,

M M, Interna & farcomatofa tumoris fubftantia.

X. A Lester from James Jurin, M. D.
F. R. S & Coll. Med. Lond. 20 Martin
Folkes, Efy; Prefident of the Royal So-
ciety, concerning the Action of Springs.

§ IR,

Prefented April'Y)’ N EED not inform a Perfon {fo well
12 1744 I acquainted with all the Branches of
Mathematical Philofophy as yourfclf, that the Theory
of Springs not only is of great Ufc in the more
curious Parts of Mechanics, as the StruGture of
Watches, & ¢. but may give Light to many Opera-
tions of Nature, there being few  Subftances but
what are endued with fome Degree of Elafticity s
and particularly the Bodies of Animals, and of Vege-
rables likewife, being known to confift, in a great
meafure, if not wholly, of Organs ftrongly elaftic.

For which Reafon it is not to be wondered at, that
this Theory has engaged the Thoughts of feveral
cminent
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eminent Mathematicians of the laft and prefent Age;
as Dr. Hook, Mr. Fohn Bernouilli, M. Camus, &c.

But, as all that I have yet fecen upon this Subjeét
gocs no further, than to compare the Effects of dif-
ferent Springs one with another, without thewing
how the Effedt of any of them may be reduced to,
or compared with, that of any other natural Caufe, I
flatter myfelf, that the general Propofition I am going
to lay down may merit your Attention, both on
account of its Simplicity, and of its comprehending
all poflible Cafes of a Body aling upon a Spring,
or a Spring upon a Body, where no other Power
intervenes; and alfo of its reducing the Effeét tothat
moft known and fimple one, the Effet of Gravity
upon falling Bodies.

In order to which, to preventany Mifapprchenfion,
it will be proper to fix the Meaning of fuch Terms as
I'fhall have Occafion to make ufe of.

1. By a Spring, | mean a Body of any Shape per-
fectly elaftic.

2. By the natural Situation of a Spring, I mcan
the Situation it will reft in, when not difturbed by
any external Force.

3. By the Length of a Spring, ¥ mean the greateft
Length, through which it can be forced inwards.
This would be the whole Length, were the Spring
confidered.as a mathematical Line; but in a material
Spring is the Difference between the whole Length
when the Spring is in its natural Situation, and the
Length or Space it takes up when whoily comprefied
or clofed.

4. By the Strength of a Spring, I mean the lcaft:
Force or Weight, which, when the Spriag is wholly

comprefied
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comprefled or clofed, will reftrain it from unbend-
ing itfelf.

s. By the Space through which a Spring is bent,
I mean that Spacc or Leagth through which one End
of the Spring is removed from its natural Situation.

6. By the Force of a Spring bent or partly clofed,I
mcanthelealt Force orWeight, which, whenthe Spring
is bent through any Space lefs than its whole Length,
will confine it to the State it is then in, without
fuffering it to unbend any farther.

This being premifed, 1 fhall next, for the Founda-
tion of what follows, lay down a Principle, which
was verified by Experiment, in the Prefence of our
Royal Founder about 70 Years ago, by the famous
* Dr. Robert Hooks; and has been lately confirmed
by the accurate Hand of our common Friend Mr.
George Graham.

PRINCIPLE.

Ut Tenfio, fic Vis: That is, if a Spring be forced
or bent inwards, or drawn outwards, or any way
recmoved from its natural Situation, its Refiftance is
proportional to the Space by which it is removed
trom that Situation.

Thus, if the Spring CL, (Fig 1. Tas. IL.) refting
with the End Z againft any immoveable Support, but
otherwife lying in its natural Situation, and at full
Liberty, fhall, by any Force p, be prefled inwards,
or from C towards L, through the Spacec of One
Inch, and can be there detained by that Force p,

* LeQures de Potentia reflitutiva, 1678,

the
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the Refiftance of the Spring, and the Force p, exaitly
counterbalancing one another ; then the Force 2p wiil
bend the Spring thro’ the Space of Two Inches, 3 p thro’
Three Inches, 4p thro’ Four Inches, &re. the Space
C/ (Fijg. 2.), thro’ which the Spring is bent, or by
which the End C is removed from its natural Situ-
ation, being always proportional to the Force which
will bend it fo far, and will detain it fo bent.

And if one End L be faftened to an immoveable.
Support, Fig. 3. and the other End C be drawn out-
wards to /, and be there detained from returning
back by any Force p, the Space C/, thro’ which it
is fo drawn outwards, will be always proportional to
the Force p, which is able to detain it in that Situ-
ation.

And the fame Principle holds in all Cafes, where
the Spring is of any Form,whatfoever, and is, in any
Man ner whatfoever, forcibly removed from its na-

ural Situation.

Here, Sir, I prefume, you will think it material
to take notice, that the claftic Force of the Air is a
Power of a different Nature, and governed by dif-
ferent Laws, from that of a Spring. For fuppofing
the Line L C, Fig 1. to reprefent a cylindrical Vo-
lume of Air, which, by Compreflion, is reduced to
L/, Fig. 2. or, by dilatation, is extended to L/,
Fig. 3. its elaftic Force will be reciprocally as L /,
Fig 2 and 3 5 whereas the Force or Refiftance of a
Spring will be dire&tly as CZ

I now proceed to my gencral Propofition, and its Co-
rollaries ; in which if [fhall happen at any time to ex-
prefs myfelf with lefs Accuracy, asin making Weighes,

G Times,
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Times, Velocitics, ¢re. to become promifcuoufly the
Subje&ts of geometrical or arithmetical Operations,
I defire, once for all, to be underftood, not as fpeak-
ing of thofe Quantities themfelves, but of Lines, or
Numbers, proportional to them.

THEOREM.

If a Spring of the Strength P, and the Length
CL, Fig. 4, lying at full Liberty upon a horizon-
tal Plane, ret with one End L againft an immove-
able Support ; and a Body of the Weight A, moving
with the Velocity 7; in the Dire&ion of the Axis of
the Spring, frike direétly upon the other End C, and
thereby force the Spring inwards, or bend it through
any Space C B; and a middle Proportional, CG, be

taken between the Line C L X5, and 24, 4 being

the Height to which a heavy Body would afcend 7%
wvacwo with the Velocity /75 and, upon the Radius
R=CG, be eretted the Quadrant of a Circle G F A5
I fay

r. When the Spring is bent thro’ any right Sine of
that Quadrant, as C B, the Velocity v of the Body

M, is, to the original Velocity 7, as the Co-fine to

the Radius: Thatis, v=}"x %515' _

2. The Time # of bending the Spring thro’ the
fame Sine C B, is to T the Time of a heavy Body’s
Afcending 7n vacuo with the Velocity 7 as the cor-

GF
refponding Archto 24: Thatist=1T x—°

DeEMoN-
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DEMONSTRATION.

1. While the Spring is bending thro’ the Space
C B, let the Space, thro’ which Tt is at any time
bcnt, be called x, = the Time of bending it thro’
the Space x, and v the Velocity of the Body at the
End of the Time r; and let CL =L, CB=/..

Then, if p be the Force, with which the Spring,
when bent thro’ the Space x, refifts the Motion of
the Body; by Dr. Hook's Principle, L: x::P:p

Px
=TI

And fince, in the Cafe of Forces that at uniformly,
the Quantities of Motion generated are proportional
to the gencrating Forces, and the Times jointly, if
My be the nafcent Quantity of Motion taken from

the Body by the Refitance %—’-‘- in the nafcent Time

';', MV:"“"MU coMT . P‘z% or, —U. =
VPx~ .

Alfo, fince, in the fame Cafc of Forces a&ing
uniformly, the Spaces are propomonal to the Velo-

cities, and the Times jointly, x: 24 ::v7: VT,
orr— LV=
24 ¥
Py T
Thereforc, —_ Y e— ML T XK ——— 2,: ) Ol" QYU e

V;f;z s and the Fluents of thefe Two Quantitics
VaPx3?

are uv? and — i But the former of thefe was

V*, when x, and confequently, the latter was no-
G 2 thing ;
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thing; therefore v * — J/* = — -7, or v, =
V:Pxz
V,»-. 2MLa YL
But, by the Conftruction, 2 v 2=R?*; there-

2 R’—-.x’;

z/l xz 2
— 2
fore, v* = —gT’ On v =V X e

and, when x becomes equal to /4, and v to v, v 2=
v x E-R:;L; and, by the Property of the Circle,

R *—1/" being equal to BF'*, v > =} X%{;—z, or
F
v=V*%t Q. E. D. 1o

2. We have above, ";TVx; and v = P«
a v

e T : -
R=x sor,u =P x¥X == . Therefore, + =TV% 5
R:

R . R x
VXy R — %2 ? 2a J‘Rﬁ__ x

Now let CD, Fig. 5. be equal to x; anddraw the
Co-fine D E, the Radius C E, and the Perpendicular
ed=yx : Then will the Triangle DEC be fimilar
to the nafcent Triangle ¢ £ ; and confequently,

DE:de::CE:e E=SEXdc_R=x

DE _‘/Rz__xz'

. T GE
Therefore, + = = eE, and r= Tx-z-.. And

when ¢ becomes equal to C B, and 7 to #, the Arch
G E becomes equal to the Arch G F': Therefore 7 —

Tx 2. Q. E.D.ze.

2

ScHoLIUM
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ScuHorium I.

Wheteas T have reprefented the Spring as refting
againft an immoveable Support at L, it will, per-
haps, be obje¢ted, That no Support can be really
immoveable; fince any Body, how great foever, may
be moved out of its Place by the leaft Force.
But this Objeftion may eafily be removed, by fup-
pofing the Spring to be continued till it becomes of
twice the Length C L, and that a fecond Body,
equal to A, ftrikes againft the oppofite End of the
Spring with the fame Velocity in a contrary Dire-
¢tion;; in which Cafe the Point L will be perfeitly
immoveable.

ScHorLiuM IL

Under this Theorem are comprehended the Three
following Cafes:

In Cafe 1. The Spring is bent thro’ its whole
Length, or is intirely comprefled and clofed, before
the moving Force of the Body is confumed, and its
Motion ceafes. :

In Cafe 2. The moving Force of the Body is con-
fumed, and its Motion ceafes, before the Spring is
bent thro’ its whole Length, or wholly clofed.

In Cafe 3. The moving Force of the Body is con-
fumed, and its Motion ceafes, at the Inftant that the
Spring is bent thro’ its whole Length, and is intirely
clofed.

For this Reafon, and in order to make the fol-
lowing Corollaries of more ready Ufe, I fhall take
the Liberty of diftributing them into Three Claffes,
the fitt of which are as gencral as the Theorem
itfelf, extending to all the Three Cafts, but are more

pas-
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particularly ufeful in Cafe 1. The Second Clafs of
Corollaries extend toboth the Second and Third Cafe;
but ate more particularly ufeful in Cale 2. The
Third Clafs extend only to Cafe 3. and, by that means,
are much more fimple than either of the former.

CrLass L
General Corollaries, but of more particular Ufe in

Cale 15 wherein the Spring is wholly clofed,

before the Motion of the Body ceafes.

Coroll. 1. When the Spring is bent thro’ any right
Sine C B, Fig. 4. the Lofs of Velocity is to the original
Velocity, as the verfed Sine to the Radius, or /7~
o= FVx E—%—.

R

For, fince v = Vx-%f-, V—ao=V=Vx %{—
— 7. R—BF G
=Vx —=V x-—Rg- .

Coroll. 2. When the Spring is bent thro’ any right
Sine € B, the Diminution of the Square of the Velo-
city is to the Square of the original Velocity, as the

Square of that right Sine to the Square of the Radius,

CB?
Oryﬁ__,vz:VzX R® .

BF BF?* 2
Por} ﬁnCC ‘U:VXT’ ‘v’:::V’x___z__,andV

2 2 2 BF; 2
—_—l=) —V X—Rr;_—’—:V X

Coroll. 3. When the Spring is bent thro’ any

Space /, v the Velocity of the Body is cqualto /’x

2MLa—Pl? s2Ma—pl .
THTs > Onto VX # = and s pro-

. La—P/? s Ma—nl
portional to 2 Eﬂ-j-”—‘fi‘—l’—l—-, orto } =5
For,
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2 BF _ pra (R e o
For,.ﬁnce'v‘:V X‘E‘F—V x?—,x, or

. . 2MLa _—
Rz, we fubftitute its Value 5> We have v 2=

— P2 2 ML a—P[*
Ve X%E-A;wa ’ Ot%):VxV——;-M—L—;-—.And,

as by Dr. Hook's Principle, L:/:: P:p, or Pl=

2MLa—pL! —
PL,‘U:VX’/W,GF,‘? V x
/2Mﬂ-—-pl
2Ma
But ‘—/—V-, by Galiles’s DoGrine, is a conftant Quan-
-V a

2ML 4-pP|?
ML

>

tity ; and therefore v is proportional to [/
or, to y/2IEr] 4

Coroll. 4. The Time ¢ of bending the Spring thro’
any Space /, is proportional to the Arch GF di-
vided by / #; / being the right Sine of the Arch,

and R = p2 A;L %, being the Radius.

For, by the Theorem, # =7 x %fl
a conftant Quantity.

Coroll. 5. The Diminution of the Produdt of the
Weight of the Body into the Square of the V clocity,
or (to ufe the Expreflion of fome late Writers) the
Diminution of the Vs viva, that is, M}"* — M2,
by bending a Spring thro’ any Space /, is always

cz 2 Cz Pl . .
equal to — 7> Of 10 ——; where A is the Height
from which a heavy Body will fall /z vacuo in a
Second of Time, and C is the Celerity gained by
that Fall.

T .

4 For,
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¥or, by Coroll. 2. V*—0* =7 x %ﬁj =
a2
7 5 and R*, by the Conftrution, being equal to

2ML a )
o Vi—=v? =V % X ——.

2M La
But, by Galiles's Theory, 72 = <=, theref
ut, by Galiles’s Theory, — = — ; therefore,
z 13 2 2
V"—"v’:cp . L. 2 CP2
2MLAandMV My =g =
c? pl :
2A..

Coroll. 6. The Diminution of the »7s wiva, by
bending a Sgrlifg thro’ any Space /, is always pro-

portional to =7~ , or to p/: And, if either the Spring
. P o .
be given, or 4 be given in different Springs, the
Lofs of the Vis viva will be as /*, or as p °.
c*pl?
For, by Coroll. 5. MV*— Mv*= T4
C?*pl cz . .
57 3 and — being a conftant Quantity, MP > —

Muv® Pl . o P .
1835 — = p/: And, if 7~ be given,

MV?*—Mv* will be as /*; oras /* x ;—; or
as /* x ?;z-; oras p*.

Coroll. 7. The Lofs of the V7s viva, by bending
a Spring thro’ its whole Length, or by wholly clofing

C2PL .

it, is equal to —5—-, and is proportional to P L :
Aad, if P L be given, the Lofs of the Vis viva is
always the fame.

This
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This is evident from Coro//. 5. and 6.; foralmuchk
as / is now equal to L.

Crass 1L

Corollaries of more particular Ufe in Cafe 2. 5 wherein
the Motion of the Body ceafes before the Spring is
wholly clofed.

Coroll. 8. 1f the Motion of the Body ceafe when
the Spring is bent thro” any Space /, the initial Ve-

locity #is equal to C / Y=, 0t to Cs/;;—{f? .

2ML A
cz pl* C?>pl

2 e 2 — s Tl esmeem—— o,
For, by Coroll. 5. 14 v 2MLA 2MA

And here, the Motion of the Body ceafing, v *== o.

c* Pl c?pl _
Therefore 7 2 = SMLa = iz’ ©F V=0a
P _ !
1/Q.MLA ~CV2MA.

Coroll. 10. If the Motion of the Body ceafe,
when the Spring is bent thro” any Space, / the Time,
¢, of bending it, is equal to 1/ of Time, multiplicd

— e o /7 .
by s Vi poportor’ x — v; o where 7 is te

1, as the Circumference of a Circle to the Dia-
meter,

For, by the Theorem, s =7 x g—;-,- and, by Ga-

"

. > T R . i
lzéez s Theory, 7= T Therefore 7 = 7‘2. X
2y a.

H Alfo
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Alfo, by the Theorem, v2=/"* X R—%i}f- ; and

therefore v * being now equal to o, R * =/1, and,
Fig. 6./ becomesthe Radiusof the Citcle ; and /being
likewife equal to the right Sine of tiie Arch G F,
that Arch becomes a Quadrant, and is equal to

2/ Xm 1 2l m
. Th = X - ——
herefore ¢ 7 x4x2Vﬂ,ort 1%
Im
44/ Axy/ 8"
. Lal s ML -
But / being e —yy 2MLa t 25
ng equal to R =v/ P, 7a Y T
herefore £ = 1/ X = 2 ML = 1%
the {7 v ¥ ‘/ B9 or, 1
w ML __ 5 X ” Ml
2 2 Pa ! '—z—‘/sz'

Coroll. 11. In the fame Cafe, the Time of
bending the Spring is proportional to V-b%{-"
or to V%—i; and if —;;-bc given, ¢ will be
as ¢/ M; and, if both .f;-, and alfo A, be given,

will always be the fame, whatever be the original
Velocity, or thro' whatever Space the Spring be

bent. - _
Coroll. 12. If the Motion of the Body ceafe, when

the Spring is bent thro’ any Space /, the Produtt of

the initial Velocity, and the Time of ?cndi_ng the
' ' c

Spring, or ¥'t, is equal to 17/ x .%;and is pro-

portional to /, the Space thro’ which the Spring is

bent. '

For
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For, by Coroll. 8. V'=C ‘/S'FI;.A’ and, by

Coroll. 9.t =1 x —'f— 1/2”:1:4; therefore, V't =

17 % %’ 1/;‘;;1; =1/ x ”;21 sand, as 1", m, G
and 4, are given Quantities, /77 is as /.
Hence, any Two of the Three Quantitics, 7 ¢,
and /, being given, the other is readily determined.
Coroll. 13. In the fame Cafe, the initial Quantity

. . PM
of Motion, or M7, isequal to G/ y/ ;5—,» ©Of to

p I M
v,
!

For, by Coroll. s. V=011/;;:‘,5;4 =C‘/§£AZ45

wherefore MY =C/ 1/2—1’5% = CV&Q_—I—}I.

Coroll. 14. In the fame Cafe, M V is proportional

P M Pl:
to 1,/_5-, ortov pl M, orto ——»0rtopt:

And, if——LI-)- be given, M V'is as v/ M, or as / ¢.

. . c .
For, in the preceding Coroll. —; is a given Quan-
tity 5 and, by Coro//. 11. ¢ isas y/ IZL = V%f_l.

Coroll. 15. If the Quantity of Motion M/ bend
a Spring of the Strength P, and Length L, thro’
the Space /, and be wholly confumed thereby, no
different Quantity of Motion equal to the former,

asn M x -;V-, will bend the fame Spring thro’ the

fame Space, and be wholly confumed thereby.,
H 2 For,
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For, by the preceding Coroll. if the Spring be bent

thro’ the Space /, and cach of thefe Quantities of
Motion be confumed therebys /v M: [y n M ;.

MV:nMx;V-. ButMVZnMx-;V—;and
therefore, /v M=1/vn M, or 1 =5, and M=
n M, and V= ——E— Therefore the Quantity of Mo-

v .
tion » M x — is not only equal to M ¥, but is com-
pofed of an equal Mafs, and an equal Velocity.

Coroll. 16. But a Quantity of Motion lefs than
M}/, in any given Ratio, may bend the fame Spring
thro’ the fame Space /, and the Time of bending it
will be lefs in the fame given Ratio.

For, let 1 to » be the given Ratio; and let the
leffer Quantity of Motion be -”%- x 7 V5 which is
to M}, as 1 ton Then, by Coroll. 14. the Spring

oo ) M M
being given, /v M: /v T MV o xn V=

MV 4 14 .

T > ZJZ;—” = —ﬂfn—-. Thercfore the Quantity of
. . Vo,

Motion —xnl, being equal to f—/j;—, will bend

the Spring thro’ the fame Space /Z

Likewife, by the fame Corollary, M Vis as /¢ ;
and / being given, the Quantity of Motion is as # :
Therefore the Time of bending the Spring will be lefs
in the fame Rat/o, as the Quantity of Motion is lefs.

Coroll. 17. A Quantity of Motion greater than
MV, in any Ratio given, may be confumed in bend-
ing the Spring thro’ the fame Space; and the Time

of bending it will be greater in rhe fame given
Ratio.

This
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This appears after the fame manner as the pre-
ceding, by making # a fra&tional Number inftead of a
whole one.

Coroll. 18. If the Motion of the Body ceafe,
when the Spring is bent thro” any Space /, the initial

Vis wviva, ot M V>, is equal to
2 1.1-
¢ pl:Anclza]ll=-l—)—-=:1>1.

24 L

For, by Coroll. 8. V' = CIV—L‘—:CV r!

2 ML 4 2 MAy
C,12 P C,pl

2 — — . T2 —
or Vr= tg— = == : Thercfore MV* =
C:pl* __C?pl _ ViPI* _ pi,y

2

2L OF

2LA ~— 24 =~ 2La T 25°

Coroll. 19. In the fame Cafe, the initial Pis viva
M H P/z — . P
is proportional to = p! and if Z—begiven,

the Vis viva is as /2, or asp .
3 v H c? . .
For, in the preceding Corollary, — being a given
. . Pl?
Quantity, the Vzs vivg isas — = p/; and, if £~
L ? 7L

be given, it wiil be as /*, or as p*; forafmuch as P
and / increafe in the fame Proportion.

Coroll. 20. If the Vis viva, MP*, bend a Spring

thro’ the Space /, and be totally confumed thereby,

any other Vs viva, equal to the former, as 5y
ve
M x —, will bend the fame Spring thro’ the fame

Space, and be totally confumed thercby,
For, the Spring being the fame, —i— is given ;
aud therefore by Coroll. 19. the Vis wiva, which
will
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will be confumed in bending the Spring thro’ the
Space /, is as /*.
Coroll. 21. But the Time, in which the fame Spring
will be bent thro’ the fame Space, by the /is viva

2
nn M x 7 , will be to the Time, in which it is fo
nn

bent by the Vis viva M X }7*, as » to 15 n being
any whole or frattional Number.

L . . oo
For, by Coroll. 11. fince % is given, the Time is

P
as ¥V M.
Crass IIL
Corollaries in Cafe 3. wherein the Motion of the
Body ceafes, at the Inftant that the Spring is
wholly clofed.
Coroll. 22. If the Motion of the Body ceafe,
when the Spring is bent thro’ its whole Length, or
is wholly clofed, the initial Velocity /7 is equal to

PL

c 1/2 M A° ;
For, by Coroll. 8. V' = CVZ—LZ ; and / being
now cqual to L (Fig. 7.), p becomes equal to P

and therefore V'=Cv 2-%—2.

Coroll. 23. In the famc Cafe, the initial Velocity
¥ is proportional to ¢/ PL .

For —;—2, in the preceding Corollary, is a given
uantity.
Coroll. 24. In the fame Cafe, if P L be given,

cither in the fame, or in different Springs, the initial
Velocity /is reciprocally as v/ M.

This is plain from the preceding Corollary.
I Coroll.
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Cx. /L 25. 1If the Motion of the Body ceafe,
whes tae Spring is wholly clofed, the Produ&t of
the ininia]l Velocity, and the Time fpent in clofing

the Spring, or /¢, is equal to 1" ":(ZL; and is
proportional to L, the Length of the Spring.
For, by Coroll. 22. V“—:C//zifA; and, by

. L
Coroll. 10. + = 1" x = P} ML . Therefore,
2 2 P A
r ] »w C L C . .
Ve=1"x s and 1", m and —, being given

- +
Quantities, 7z is as L.

Coroll. 26. In the fame Cafe, the initial Quantity
. , PL M
of Motion, or M 7, is equal to C —

For, by Coroll. 23. V=C //;Aﬁ.

Coroll. 27. 1u the fame Cafe, M Vis proportional
to v PLM orto Pr: And, if P L be given,
f/ld]i;r in the fame, or different Springs, M ¥ is as

This appears, partly, trom the preceding Corollary,
where ‘—/%-4 is a given Quantity; and, confeqaently,

MVisasy P LM; and P L being given, M V"
isasy M: And, partly, from Coroll. 11.; where z

. ML :
isas ¥ —— > and, confequently, P ¢ isas v/ P L M.

Coroll. 28. Inthe fame Cafe, if % be given, cither

in the fame, or in different Springs, the initial Quan-
tity of Motion is as the Length of the Spring into
the Time of bending it. ’

For, by Coroll. 27. M}V is as P ¢ ; and, if P be
as L, MV isas Lz,

Coroll.
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Coroll. 29. 1f the Quantity of Motion M 2 bend

a Spring thro’ its whole Length, and be confumed
thereby, no other Quantity of Moticn equal to the

former, as # M x ——, will clofc the fame Spring,
7

and be wholly confumed thereby.

This is proved in the fame manner as Coroll. 15,
putting only L for /.

Coroll. 30. But a Quantity of Motion lefs or
greater than M V7, in any given Ratso, may clofe
the fame Spring, and be wholly confumed in clofing
it: And the Time fpent in clofing the Spring will be
refpetively lefs or greater, in the {ame given Ratio.

This is eafily proved from Coroll. 16.

Coroll. 31. If the Motion of the Body ceafe,
when the Spring is wholly clofed, the initial Vs

. ) c*PL,
viva, ot M P, iscqual to ——— And 22 M=
PL.

" PL
.22. V=0GC : —
For, by Coroll. 22. V —r2 otV
C:PL C>PL V*P L
—_— M 2 — -
2MA? or V 24 2a °

Coroll. 32. In the fame Cafle, the initial Pis
viva is as the Retangle under the Strength and

Length of the Spring.

For, by the preceding Corollary, M}/ = %-.;_f‘-,
and %is a given Quantity ;5 wherefore MP is
as P L. ,

Coroll. 33. In the fame Cafe, if 7 be given, the

initial #7s viva is as P*, or as L*. _
This
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This is evident from the preceding Corollary.

Coroll. 34. If the Vis viva MV * bend a Spring
thro’ its whole Length, and be confumed in clofing
it, any other Vis viva equal to the former, as nn

M x ;’fni ,» will clofe the fame Spring, and be con-

{umed thereby.
This is cvident from Corol/. 32.
Coroll. 35. But the Time of clofing the Spring by

.. 14 . )
the Vis viva nn M x el will be to the Time of

clofing it by the Vis viva M}V *, as n to 1.

For, by Coroll. 11. fince the Spring is given, the
Time is as ¢/ M.

Coroll. 36. If the Vis viva MV? be wholly confumed
in clofing a Spring of the Strength P, and Length L 3
the Vis viva, nn MV %, will be {ufficient to clofe,

1. Either a Spring of the Strength #2P, and
Length L.

2. Or a Spring of the Strength # P, and Length
n L.

3. Or of the Strength P, and Length z# L.

4. Or, if z bec a whole Number, the Number 7%
of Springs, each of the Strength 7, and Length Z,
one after another,

For, MV?*: uuMV* :: PL:nnP L; and
therefore, by Coroll. 32. the Vis wviva, nn MV?,
will clofe any Spring that has zz P L for the Pro-
du&t of its Strength and Length. But zz P L s

compofed cither of zz P x L, or of nP x n L, ot
of P x nn L.

Alfo the Lofs of the Vis viva, in bending a given
Spring, being always the fame, by Coro/l. 7. and
the Vis viva, MV * being wholly loft in bending

a fingle



[ 66 ]

a fingle Spring P L ; the Lofs of the Vis viva, nn
MV*, in clofing one fuch Spring, will be MV'* ;
and its Lofs in clofing a fecond fuch Spring, will
againbe M7 ?, and {o on: Confequently, the Num-
ber ##z of fuch Springs will be clofed one after an-
other, by that time the Vis wiva, nn MV 2, is
wholly confumed.

Scuorium IIL

If the Spring, inftead of being at firft wholly un-
bent, as we have hitherto confiderd it, be now fup-
pofed to have been already bent thro’ fome Space
C B, before the Body firikes it ; and the Velocity of
the Body be required, after the Spring is bent thro®
any further Space, B D, Fig. 8. this Cafe, as well
as the Thtee other above-mention’d, will be found
to come under our Theorem.

For, if w be the Velocity with which the Body
is fuppofed to firike againft the bent Spring at B,
it is evident, that this may be confider'd, either as
the original Velocity, or as the Remainder of a
greater Velocity 7, with which the Body might have
ftruck upon the Spring at C, and which, upon bend-
ing the Spring from Cto B, would now be reduced
to v. For, in either Cafe, the Effe&t in bending
the Spring from B to D, will be exaétly the fame.

In order, therefore, to detcrmine this imaginary
Velocity 7, let a middle Proportional, B F, be taken

between C L x {‘PI’ and 2 «, « being the Height to

which a Body will alcend 7z vacuo with the Velo-
ciry vs draw B F perpendicular to C B, and, with
3 the
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the Radins C'F, defcribe the Quadrant. CG F E 4.
Then will our prefent Cafe be exattly reduced to
that of the Theorem; C B, CD, reprefenting the
Spaces thro’ which the Spring is bent; B F and
‘D E the Velocities in the Points B and D; GF
and G E the Times of bending the Spring thro’ the
Spaces CB, CD ; and CG reprefenting the imagi-
nary Velocity #, with which the Body might have
ftruck the Spring at C.

For, by the Theorem, BF*: CG*::v*: V*;
and v*: P *::a: 4. Therefore CG*=BF*x

«:— . BtBF*=2ax E;-l, by the Conftruétion s

LM
and, confequently, C G * = == x 2 =

P &%
24 LM o in the Conflruction of the Theorem.

From this Cafe we fhall draw a few Corollaries,
as well for their Ufefulne(s upon other Occafions,
as to fhew how the Theory of Springs may be fafely
applied to the A&ion of Gravity upon afcending or
falling Bodies.

Coroll. 37. If the Body M, with the Velocity v,
fufficient to carry it to the Height «, ftrike at B,
upon a Spring already bent thro’ the Space C B=/;
and do thereby bend it thro’ fome farther Space
B D = s; at the End of which Space, or at D,
the Body has a Velocity fufficient to carry it to fome

. - . — ML—PsXo/[ds
‘Height, ase; then ¢ = 22
Height, as¢; — .

For, by the Theorem, « :¢ :: BF*: DE *, or

¢ M
DE*=BF*x% =200 x & aDE*=

2¢ ML
I Iz Alfo,
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Allo, DE*+CD*=CE*=CF*=BF*
~+ CB?, that is, 2¢ ML 41 F2lstsr =

P
24 ML
'+ /%;0r

2¢e ML __2a ML

P P P
or2¢e ML=2a ML —Psx T Fs

Coroll. 38. If the Motion of the Body ceafe upon
bending the Spring thro’ the Space BD =, that
is, if e = o; then the Height to which the Body
might afcend zz vacuo, with the Velocity v, or o=
PsXx m‘;

2 ML *

For, by the laft, when ¢ = o, 2 & M L =
Ps x 2/Ts.

Coroll. 30. If p, the Force of the Spring when
bent thro’ the Space C B, be equal to M the Weighe
of the Body; the Height to which the Body would
afcend 7» vacno with the Velocity @, is to the Space
thro” which it will bend the Spring, by ftriking
upon it at B with that fame Velocity, as 2 /4 s
w2l ota:si:2ls: 2k

— Psx2l3s P ¢ .
For, by the laft, « = —= ML‘" 5 and o being

)4 _ psx2l4s, - : — r
cqual to T.»C&‘—' —-;—174'—[—, and: lfp .A’j; @

— 2[5 5%

— s x 2 I
, 24

Coroll. 40. If p = M, and p- do alfo continue
conftantly the fame while the Spring is bending
from B to D (both which Suppofitions are necef-
farily made in reducing the Action of a Spring to
that of Gravity upon an afcending Body), the Spring
muflt be of an infinite Length ; and /, the Space
thro’




[ 69 ]
thro’ which it was bent before the Body ftruck it,
muft alfo be of an infinite Lengths and the Space
B D, thro’ which the Spring will be further bent,
muft be cqual to the Height the Body can afcend
to with the Velocity v, or « = s.

For, by the laft, when p=M, w:5:: 2/ +s5:2/;
and the Refiftances of the Spring at D and B being
refpedtively as C D and C B, thatis, as /+sand /;
fince thofe Refiftances are now fuppofed equal to
onc another, we muft, upon that Suppofition, con-
fider /¥ s as equal to /; and adding / to each,
2]+ s=21 that is, / muft be infinitely greater
than s; andthen a:s5:: 2/: 2/, ora=-=w.

Scuorivm IV.

In this Propofition, and all its Corollaries, except
the Four laft, we have confidered the Spring as being,
at firft, wholly unbent, and then atted upon by a
Body moving with the Velocity #, which bends it
thro” fome certain Space: But, as we fuppofe the
Spring to be perfeitly elaftic, the Propofition and
Corollaries will equally hold, if the Spring be fup-
pofed to have been, at firft, bent thro’that fame Space,
and, by unbending it(elf, to prefs upon a Body at
Reft, and thereby to drive that Body before it, during
the Time of its Expanfion: Oaly, 7, inftead of being
the initial Velocity, with which the Body ftruck the
Spring, will now be the final Velocity, with which the
Body parts from the Spring when wholly expanded.

ScaorLivm V.
If the Spring, inftcad of being preffed inwards, be
diawn outwards by the Aflion of the Body, we need
only
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only make L the greateft Leagth to which the Spring
can be drawn out beyond its natural Situation, with-
out Prejudice to its Elafticity, / any lefler Length to
which the Spring is drawn outwards, P and p the
Forces, which will keep it from reftoring itfelf when
drawn out to thofe Lengths refpettively, and the
Propofition will equally hold good : As it wiil alfo,
if the Spring be fuppofecd to have been already
drawn outwards to the Length /4, and, in reftoring
itfelf, to draw.the Body after it : Only, i this lat-
ter Cafe, #, the initial Velocity in the Propofition,
will now be the final Velocity, as in Sciaolium IV.

ScuoriuvmMm VI

Our Propofition equally holds good, when the
Spring is of any Form whatfoever, provided L be
always underftood tobe the greateft Length it can be
bent or drawn to from its natural Situation, / any
leffer Length, and P, p, the Forces which will con-
fine it to thefe Lengths. For Dr. Hyok’s Principle
extends to Springs of any Form.

I have been at the Trouble of drawing fo great
a Number of Corollaries from this Propofition, be-
caufe, in the Controver(y about the Force of Bodies
in Motion, I have obferved both Parties to fupport
their Opinion by Arguments taken from the The-
ory of Springs; and I was willing impartially to
furnith them both with means to examine into the
Truth or Falfhood of one another’s Reafonings. 1
had Thoughts myfelf of making ufc of fome of thefe
Corollaries for that Purpofe, being far from think-
ing, that the Difpute is about Words only ; but this

Letter is already drawn out to too great a Length
and
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and before I have Leifure to write again, I may poilibly
be prevented by a better Hand, which, I hope, may
put an End to a Difpute that has too long pefter'd
the Learned World. :

But, in this, I fhall be guided by your Judgment ;
and fhall therefore, at prefent, take up no more of
your Time, than only to profefs myfelf,

Dear § 1R, |
Your moft affeitionate Friend,
and moft obedient Servant,

Apr, 10. 1744. )
| James Jurin.

XI. D. Alberti Haller Concil. Aul. & Archi-
atri Regis Britann. & Eleforis Brunfvic.
Prof. Anat. & Bor. Gottingenfis, S. R.
Ang. & Suec. Suc. Obfervatio de Ovarii
Steatomate, & de Pilis ibidem inventis.

Read April 12. ON rariffimas efle hujufmodi hi-
1744 , ftorias non ignoro ; & minusraras
efle video quam e re eflet generis humani, neque
tamen vulgares efle, vel hz ipfe tranfa@iones phi-
lofophicz docent, in quaram faftos duo cxempla
infernerunt D. Samfon & Tyfon. .

Ancilla fuit, poit longum morbum confumta,
triginta fere annorurn, cujus cadaver in theatrum
noftrum illatum eft dic 24° Famyari;, anno 1743.

Cum
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