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RoCTH MeXernsnon, Coorpercraymime pafoTw npopoasrea s CCCP, lep-

wiwiy, CHIA, B CCCP wa 6asc pasnurtys wielt Acces ¥pa 3aRaiHBAGTCH

DOPMEDOBANES COBOTCKON WROML TeGpnH z»scx.amzazvzos.

XapaxTeprofl YepTCH PASBMTHA HAYKE © MAHHAX GLUIH COBSWANSH, ChA-
ANa HAUNOHAABHBIZ, A 34TeM i NeziL,‘_‘,HPrlOIlHL‘ B CripenencHion crene

CHY XAPARTSpHAYIOT aDelOCTh EA4yHR{ 3 & FOTHYCKYI0 OTHQT&?HE‘HHQ"‘Q&.

Td{)'LOE‘ CODeAHKEE 7O YHOTOH ¥ NpHKIIanHO# TeORII MEeX&Hiuanmon CRIAG O3~

BAND mayudbiM coBetonM ODWecTsa Bememwnx mwxewepcs n 1876 r. Miro-

PeCRO, YTO Ha HeM LILICYTCTBOBANG BCare 25 yeacpex. B CCCP conoua-

AHA O OTOSNBEHBIM BOﬂPOCEM MIOMHAODSAeHNA Haua nce ene B 30-x .,

HO NE@PROS COREIMANME N[O OCHCBHEIM APOSIOMAM TaipHd MEX2FHIMOD BRuld
cossaro B 1954 . Howrw omnompemenso, n 1933 r. Souto ceanapo riepRoe

COoBGmalne 0o TeopiH Mexamuwamos z CIHHAL
TlocnenupM mepucdoM, XOTOPOrd CREAyaT KOCHYTRCH B H&CTOAUEM CC
memm, ABAALTOR Nepnon COBPeMEeNHOR HAYYHO-TeXHWISCKOH DPenonmili,
o TOOPITH MeXaHEIMCE 0NN HEYANa 3TOT0 MeDHORA XapakTep:o DACIHHpehde
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f HCCHENOAAKEH SBIIeTCA HOYIGHHS MAIUNH ABTOMATHYOCKOTO HSHCTRIN
¥ COOTBETCTRYITHIX TRHAOLHLIYN MOXAHBSMOB ~ KYN4TX0BHX, PHAPARIRYS-
CHAX, UHEBMATHYSCKHK ¥ sEfpauuonytix, TpeThild HATPABNSHEGM MOMHC
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CCAROORAHRYE AHHAMITCH MaIUUT B PEaJIbHEIR FCOACBHAN X p'ﬂﬁo“‘bl gqyo NO-—
. 1
oEI0 35 cofoll coanans P TOSHKE SKCHEepPIMeHTa; BTOPEIM HATDRABISHT

METATE HOBLIE MEeTOIL CHRTESA MBXANHSMOD C HONWILIOBOHHEM BIEKTPOI-
HO-BEMECAHTEILABIA »aumii, HaxoHel, paspiiie Teopit MeXSHRSMOB no0H-
WL#, M TEORNE TDOCTP&HCTHEIFEX MEXAMIGMOB B YACTHOCTYH, XAPAKTSDHIY-
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The eaxly phase of the ¥ig vivs controversy 16556~1716 which

surroundgd the Lifetime of Leibniz was motiveted the whilosophi~

Mg b m s b - e
(2]

" cabions of the %is viva end momentunm principles o three mein

glastic, °€‘E;l‘=cl stic and soft bodies, Pres fsll problsams, snd
compresssd suring problews. The problem of ths wvis vivae and mo-

mentum sssoclabed with elastic syprings in the 1720's was ini-
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tistly motivated b7 the guestion of whethel pesure was couposad

M ””‘G‘}\-{BLP‘“GCB G0 anirépata, BEIRER-

sl considerntions eceoncerning ths naturs of force. A escond phsse

of the controversy in the 1720%'s concerned iteel? with the appli=

phyaleal problses. These were callision probless involving hapd,
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of hard o1 elestic atoms, But it moved toward

application of the vis vivs snd moumenturm concepts

represents an zxtension of the ¥is viva

2 principle from the

2pplisd %o gx-
panding spr;nws. The problem of the vis vivae of elastic

hal free f2l1) and collicsion problens discussed by Leibois,

In 1722 Wiliism's Grevesande considered the ection of

spring composed of bent elastic vands,
1st

-]

a"alnst the spring, two additionsl bends must slacken to sdd-:

second unit of velecity to the fipst end 5 more must

increases the veloelty to 3. Thus these

3 units of veloelty to the body but enly 4 unit,
thst the body receives therefore is

springs which uabend in equal units
argument drawn from the aress
sides represent egual ugnits of velocity,
ted thet the "force™
squars of the velocity, "Force"

BV2.

i Two years later in 1724 the

11z submitted a pzper for 2

gument for elastic spri
infinitesimal caleulns,?®
the ergument that neture wes composed of el
herd perticles, the paper was
honorable mention in 3 contest on elastic bodles.
scclated the action of elsstic spri
tic particles of wmatter, :
Bernoulli followed Leibniz

22d in usging Leibnigzt

red his argument érawn from expanding spri

Leibniz's initisl free fall demonstration. of 1656,

310

s nouatlon for infinitesimals but con

slecken %o

three springs do not add

The ﬂforcgn
releted to the number of

of time., By = geometrical

CGravesands demonstra-—
the body receives is rropertionsl to the

snould therefore be Neesured by

& contest sponsored by the scedenie
des Sciences, Paris, wajch further dévelcped the ¥is viwa ap-
nzs in the wathemeticel potation of the
Since Bernoulli’s paner was besed on

astic rzther thean

disguelified but in 1726 received

Bernoulli ag-

158 With the action of eleg~

side~

ngs te be superior to .

e sriued

e g i FE A R oL T 6 0 =

Springs

origi=

If the unbending of the

elestic bend jmparts 1 unit of velocity %o 2 body st rest |

of iscoseles right trienzlss whose

Swiss methematicien Jean Bernau-

in championing the mv2 2rgumént
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thet a conpressed spring hes a certaln pressurs. or dead forca.
This force turns out to be equivelent to the impressed force of
Newsonisn mechsenics, Bernoulli compared springs having equal
elsstic constants bub composed of an unequal number of units ex-
psanding egainst "equsl" bodles. As the spring expaads, the desd
force is converted to living force, Ege, end imparted to a body
set in motion by the spring's expansion, As the moving bedy
accelerates the increment of velocity dv in an increment of tige,
dt, depends on the pressure or force of the spring: 4v = pd%.
The veleocity ab sny instany is.gj= g% bence the incrsment of

time dt is dz.‘By substitution Bernoulli srrived st the well

known result vdv = pdx the integral of which he wrots &3
% 12 = f;&g . By usz of proportions Bermoulll compered the vireg
z}ggg,vggzg imparted to zeccelersted bodies with the pressures ex-
erted by compressed springs of different numbers of eleatlc units
Bernoulli's "Discours" containing the yis vive argument
drawn from coupressed springs was printed in 1727. In $he next
two yeeTs three papers written in response to the spring demon-
straticn eépeared in the Memoirs of the French Academy. Thesg con
tributions were made by Abbe Charles Etienne Camus (1728), Jac-
gques Fugene de Louvilie {1729) =nd Jesan JBCQuea_ie-ﬁairan (1728).7
though both 's Gravesande and Bermoulll had relsted the
law of scceleration of bodies moved by sxpending spricgs to thet
of fpree F21l, Charles Etiepne Camus further Aaveioped this rela-
bienship.5 His 1728 psper wa3 entitled "On Accelerated Motion dus
'to Springs-end the Forces Residing in.Maving'Bodies," Although
stimulated by Bernoulli's spring demonstration Camus fell back
on the older method of geometry and proportions Tather than em-
ploying the newer notation of the calcalus. -
_ Genus compared the re;istancé of a comnressed spring geomet-
rical curves reﬁresenting the verigtion 1o the "force® {i.e, po=
tential energy) over distance in compressing a spriﬂg,4 He ar—

gued thet since the distribution of resistance sleong the curves
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Tepresenting the ascent end the compression of the spri

rissg elong the curve

ana time £oapress tha s

nE ars
ths sspe, & body m which

will the aspe Ve
locity and in the g

2, compressing = gipilap spring (i

ent or elasticity) will meet
body m mee

pring. A ssgeng body,

*®.  Beving the saps coeffici~

Tesistance in the sege retion aam
s in CUEpressing tha Iirst spring.5

The lsw

se for bodies pushed by expen-.

ding springs, Camus derived foup relag

ions for 8Xpand
in the form of progortiong,®
Their modérn equi

valents in the fop of ‘equationg arg:
> ‘
1s Pz pg s

2, F¥a = mve
3s Pt o= v

R T R

- Because +the original formulss were written as Propoertions the .
-1/2 does

oot #ppesr 3in equetions 1 gna 2, Having depivea relam
Yions for'expanding 5prings in terms of both the By and gge prin.
to trest both with equal validity,
113 he emphagized desg fTorce in whiey there ip

but no traversal of space and Jivip
obstacles wh

ciples Camuy gig oot proceds

Foliowing Bernsy

W
PIessurse Z Torce in which the

ich the units of the spring present 0 moving hodies

are overcome. in cempresaion.?

The problem of defining the iapulse of an expsading spring
was‘taksn up in.a Poper by Jaeques Baugens de Louvills (1?29) en--
titled "On the Thsory of Varying Motions 3 d.e., Continnally sc- _
celorated br Retarded, with & Method of Estimating the Forse of

Bodias in‘gotion".s Bewton had writtgn his?seconq lgq_

in the.
Torm, "the change of motion is proportionel to. the motive force
L : - R .

impreésed“ this degaribing the instentsnecns chenges of motion

in elestic dmpects whers E =4 v, In the sction of continuous

~eontect forces as in gravitation, Newt

velocity generated in 2 given tims shou

noan on indiceted thay the

1d be employed. The Prop-
2 :
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3. Abbe Charles Etienn Camus. "Du Mouvemend secf1érs par ded

, /
ot les Torces qui résident dans las corps en mouves.

ment® Mé&oires 3o 1'Acsdemie Royale dss Sclences Parla, 1728,
# ] 3

reasorts,

2,159,
i, Ibida, v.15%.
5, Ibid., p.160.
6. Toid., pe16%
9. Thid., p-190. -

Ve
8, ¥, le Chevaller Jacques Eugéna de Louville, "Sur la thaoe

) N .- -

rie das mouvements varles, clest—~a~dirs, quli sont continueallaent
N\

ardéé; aves ls men—isers dteshl~

r S .
acceleres OR confinusilenent ret
z

, Bém. Acad, Sci., Parls,

mer iz force des ¢OTDS en moOuTemed "
1729, p. 154 '

g, Tvid., p.167.

40, Inid., p.172.

44, Iuvid., P=178.

42, Jesn Jasgues de Maliran. "nigsertation sur 1'estimation

at le mesure des forces motricssz dun corpa®, udr. Acad. Scla,
Paris, 17258, P «1~2,3,8: ' |
1%, Tbid., BaC.3.

14, Toid., sec.él.
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lem of applylng av %o the axpans1on of sprinzs where the force is
continucus end nca-constent over a finite time interval was teken
up by Louville in his response to Berpoullits "Discours®, Althéag}
Louville used equstions rether than proportions in some of his
ecaleulstions he did not use the notation of the caleulus to ex-

press the varisble force of the spring.

Louville definsd force instantanée to be equ{valent to Ber-
noulli's dead fo*‘ce.9 He then urgued that force sctuelle %hich is
measured by my is ths proper messurs of the "force" of motion
rather than.ﬁernoulli‘s force vive, EEE-

Tn the sxpension of & compressed spring the force of esach
impulsion is c@mmunicated in an instent to & bedy in contact with

instsnteneous forees are equivalent to Teibniz?

the spring. Thess
and Bernoulliis desd forces and slzo to Newton®s impressed for=
ces. Over the time of tre sprirpg's expansion these forces becone

the product of the force of gech impnlslon by ths

force eotuelle,
10

pugber of impdsicas the moving body receives in equal times,

Tn modern notation we would say +hat tobal number or sum of ths

elements of instantansous force in egual units of time is

2; T'zlt or the inuegval of the impulses r ;o(t Iouville thus

=1
waed the concept of & summstion over equaT time intervaels with-

cut asing the integral notation. He stated that the forcs lost

bv the spring ia accelerating the moving body is equal to the
&

toree gained by %he bedy, 1. 23.11-39 considered himself o

have refuted Bernoulli is demonstrabicn that a dody agquires =i

mv2 when sccelersted by =21 expending spriag.

- The third papes in the series of French Academy Tesponsszs

‘to Bernouili's "Dlscaurs .was that of the secrebary Jean Jecques

5

de Mairaa in 1728: "Bisse< tion on %ths Esllma,lon and hec¢ure

of ths Loving Forces of Dodiee™, 12 Hailed by Ac emy 85 having
et*la tha controversy, the paper wes Pflﬂaf;#? an atienpt %o
reduce chses of sccelerated end retarded metlon to cases of uni-

form mobion whaTa Descartes’ msasure of force, mv wss valid,
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“M2iren argued thet the momentun of & moving bedy could be
‘retardsd by degrses by 1ittle elastic bands pleced et equsl ize
tervels in its path.1: Each one of these bands woald offer &

resistsnce equel to that of a body of mass 1 moving with veloslty
1. As & body with some initisl quantity of motion brushes past
these strips it loses EY. Melran caleulated the pv lost by the
. body in successive instants by the number of bens strips, He
also caleulsted the number passed by & body in uniform motion
in the seme time. He then mnasured the totsl Y of the bedy

by the dlfzerence or tovel nuombsr of strlps not lirfs d.14 He
concluded thet the portions of matter not displaced in fetarw
déd motion, the elastic bands not 1ifted, or tent, the chjecte
not flattened snd in genersl the obstacles Lot overcgome which
would be under uniform motion are pfoportioaal to the forces
or simple velocities, Thée obstacles not'overcome repressnt

the effect of a'coatrary force exercising itself ageinst the
originel force, The sum of tns coﬁtrary efforﬁs is equal to the
totsl force of the body. It was Mairaats ﬁse of upiforn motion
in estimating force for cames of reterded motion which insplired
Msdeme du Chitelet in 1740 to write a long criticlsm of Mairen

in her dsTense of the Leibnizian position in dynsmics, Compres-—
ged spring arguments sppeared in the 1740%s in contributionzs of

Du Chatelet Meiran, Abbe Deidier, James Jurin and Jesn d'Alen-
bert, Spring problems therefore were &n important vehicle by
wnich the megning and limits of the ggﬁ viva principle were

Celarified,

Footnotes

Te Wllliﬂm 'sGravesande, "Eassy d'une nouvelle theﬁrie sup
le choc des corps", Journal llteraire, 1722, 12, 25.

2. Jeen Bernoulli, "Disceurs sur les liox de la conzunica-
ticn du mouvement” in the Recusil des pleces qui a ?empoxte les

prix de 1'Acsdemie Royele des Sciemces, 1727, 2, p.39.
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