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i duo copora tigida fta fnter fu conjungantar, ut ueram.
que circa junBursm libere mover; poffit, ex invicem
flexura conne&i dicunewy, Axis sutem Rexurs voes.

tur linea reéh, circa quam ambo corpora libere gyrari que.
ent.  Siin extremitate slteriys corporis tertiom fimili s
Xurs cotptetur, triz habebuntar corpors dushus flaxuris
inter fe commexa, Quatuor zutem corpors tribps flexuriy
conneflentur, & ita porro, Hujusmodi corpus flexibile
pluribus flexutis inftructym tatena repraefentat, Cujus fin-
guli articuli flexuris inter fo fune connexi, numerusque fle-
Xurirumunicate deficier 2 numera articulorumestenam ecx-
ftituentium. Funis sucem & Blum, fi fint perfette flexibi.
lia, confidersri poflune, t2nquem conftarent ex plaribus
minimis articolis flexuris inter fo connexis. Hinc ope filj
plurima corpora rigida ita invicem colligari poffant, ue eop-
pus Sexibile confticuant. Hocque c2fu cam partes quaqus-

verfus inter fe fley queant, quarvis lines refis per fiexu-

ram #d fili conneftentis dircetionem vormalis locum sxig

fexurz tencre poreric: ejus vero tantum rario erie haben-
da, circa quem morus aily abfolvitur,

2. Ad motum ergo hujnemodi corporam flexibi-
linm definiendum, frpulorum prime articulorum morys in.
vettigari deber.  Deinde cum fiexurse impediane, quo mi-
Bus partes a fe invicem disjungantur, manifeftum eft has

fingu.
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fingularam partium motus quodammodo a fs nvicem pende.
re. - Binoram enim quorumcue sriiculorum extremitz.
tes, quiv flexuris inter fe fune cannexas, perpetuo motum
communem habere debene; ipfi vero arviculi circa hene fle.
xuram motu angulari movebuntur,  Mic igitar primom
ipfarum fingularum flexurarum motus fune confiderandi, qui
etfi in infinicum variare poffunt, tamen hac lege inver fe
conftringnntuer, ut binze contiguzx perpetuo xqusli intervallo
a feinvicemdiftent. Hee igitur motrum multiplicieas pro-

blema folutu difficillimum reddere videtur; interim cammen

operam dabo, ut quantum fieri licet, hujus problemstis
fantopere complicati folutionem planam ¢ facilem X~
hibezm; quod commodiflime Serj poterit, fi 2 cafibus fim-
plicifimis inveftigationem ordismur. Primum ergo unius

articuli folitarii, qui cum sliis omnine mon fit connexus,
motum determinabo.

Problema. 1. _
3. Determinare motuin virgas r.gidae AB frper plans

hortzomsalt wicungue wrojesas, -

Solut.e.

Pervenerit hae virga tempore quocwnque ¢ elapfo
in from AB, ad quem definiendum pro lubita sfamarns
in eodem plano horizoneal; linea refta fixa OP pro 2xe, ad
guem ex virgz terminis A & B demittantur perpendicula
As, Rb, Sic G centrum gravitatis virgae AB, unde pari-
ter ad axem normalis ducarur GP, ponaturque OP—¢p;
PG r, & angulus AGP ==¢ Quodf ergoad quod-
vis_tempus determinare naverimus valores litterarum p, .,

& ¢, habebimus non folum locum & pofitionem virgz AB, -

Exeri Opurenta Tom, I, M fed
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G refolvatur in binos litersles, quorum slteriys direfio fe
paraliels linee OP, slcerius vero incidse in ipfam reflym

d
PG, erit celeritas illins =~ %;bujusvm::: ;;:'-;. denoesn.

te dt tempufcolum, quo variabiles r & . sugmenta xcci-
piunt dp & dr, Copnito sutem noty centri gravicstis G,
motus virge angularis cires punfam G celericas erit =

g; fi quidem sngulum AGP==¢ motu snygutari sugeri pora-
4

| mus fcllicet;.; definiet celeritstem, qua virg= punflum, quod

¥ contro gravitatis G intervallo == r dres G gyratur.
Quoniam hanc virgam 2 nullis viribus follicieari ponimus,
atque planom horizontale, fuper quo fie motus, omsi afpeti-
cate deftirutam affuminros, tammoras ceneri gravitatis, quam
motus angularis virgae circa eentrum graviestis erit uni-

formis, utiex mechanicis conftar. Erie erfo I — o,

dr —
d d |
E-E:: B & df::: @; onde ficp =9, -, ¥ Wy

b & = - g Ex quituszquationibus locos &
pofitio virg= ad quadvis tempus defini~tur, hincque fimul
ejus motus innoteftic. Q.E.L
Coroll. 1.
4. Ponamus motusinitio, cum effet r— 0, centrum

. gravitatis G in O cffe vefatam, direftionemque virga:
" ABed reftam OP fuiffe rormalem, ita ue tam angulus ¢

feeric
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fusrip == 0, erita==0, $==0, p—o, ideoque hne ¢1fa
erit p= Uty x22 W15 & (=G

.- Loroll, 2,

7. Sipreterea afumemus Initin motus celerfestem

ventri graviestis fuiffe debitam alticudini == a, ¢jusque di-
reionem incidifle in axem OP, eriv ¥ ZVa& B0,
fet ergo p =1V a & » 20, wnde éonfiat certrum gra.
vitatis G perpetvo in axe OP mots vniformi efie progref-
furam, & celeritatem rotatorissn fore conBanrem.

Scholion.

6. Planiffima heec funt ex princin’fe mechanics,

quibus conftat, omne corpus rigidar, quod 2 nullis viribes
follicitatur conftanter itz moveri, vt ejus rentrum gravirs-
tis motu xquabili linesm reftam deferibar, fingulrque efus
partes circa centrum gravitetis mory uniformi roronter,
Interim ramea hoc problema pramittere vifum eft, weex
modo folutionis via ad fequentis refolverda planior redde-
retur.  Ceterum hinc jam morus definiri poteft dnorum
corpufculorum minimorum filo connexorum; fi enim cor-
pufcuha fint minime, escrum motus, quo forteutrumque cir-
ca fuum centrum gravicatis rotatur, nevlini poteflt: rsove.
bonturque 2mbo, quemdiu filum tenfum manee, inftar vir.
gz rigide, quemdmodum cx folutione fequentis proble.

matis perfpicietur.

Problema, 1L

7 Duorim corpufeulorem A et B flo inevtize experee

AB inter fe colligntorsm motum furer plons korizentali Zeterni
aars, pofiquam wicumgue fuerimt projess,

M=z Solae
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Solutio.

~ Sumtarels Ol pro axe, pervenerint corpufcuh hxe
elaplo tempore #in ficum AB, ex quibus ad axem

dicula duesntar As & RS,  Sjy longitudo fili AR = 4,

perpetuo eadem manet; & wocetur corpufenli A maf —
A, corpufculi B maffa— B; fintque Oe==p; An=— X3

Ob=g& Bb—y; angulus vero ABé ponmator ==¢;
eritque
86==gq—pr—afn? &Y e 2= g ol |
um vero erit celeritay corpufcul? A fecundum diré@tionem
Os = ?;—, & fecondum direftionen g A — -;1: : fmilique
modo corpufeuli B celeritas fecunduny direStionem Q5 erte
o

= g—f & fecundum dire@ionem p B~ ;{ » Exprimstjam P

tenfionem fili AB, quavi corpus A verfiyg B, st corpus B
verfus A rrahirue, Corporis ergo A

d
motus 2%' sccelerabitar v — Pfind;

dx . o
motus -~ 2ccelerabitnr vi == P cof &; Corporis vero B

d . .
morus ;—E retardabitue vi = P fn ¢;
d

motus ﬁ rerardabitur vi == P ¢of . Hinc crie ex naeg-
ra follicieationum, pofite elemento d; conftantre;
sAddo=Pdt find; 3Addr— Pdt o2
2 Bddy :"—Pdt'ﬁnfg 2 Bddy :‘-'Pa':.cafg".

' Ex
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Ex his erit Addp 4 Bddy == o3 & bis inregrando

pnde Ax - By —=Bs-+h, Cumergogep=—gfind
Yi+g—Bafing , __ W+atAsfing

A B 3 R ATD Aeque
eby-—x:unrg,éﬁmxg’-k'ﬁa'.fbrg & g =

A-4+-B
Bt 45— Ascof{

A—4+B

Deinde yero cam fit 22 — S8 o g e Baddfin?

eritp ==

ddx ~ coly’ A+B -

__Boddooal  ddfinl _ fn?
& b =338 el — woff

fing. dd, cofg w cof {.dd fin { == O cojus integrale eft

~ fins. 4 cof. ¢+ cof. dfind — Brds

fou 1= d&. find —t=d2, cof? == d2==0d1; wnde fie

{ = Sr~=~g.  Quocirca 2d quodvis tempus rdefinietor
srpules ABH ==¢, hincque vilores littersrum #, xr g & y

- ficque pofitio corpusculorum A & B filo iuter fe connexo-

rum perpetuo aflignari porerit. Q. E. J.
| Corell.r. -
8. QuizetAdp——Bdg—WHd: feu

— X
" A<+P
rum fecundum dire®ionem axis O 85 uniformiter progredi-

Adp —+ Bdy
(A—=B)dr

centrum commune gravitatis imborum corpo~

M3 tur;
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tur;  fimili vero modo oy © — TV~ ‘

ab hoc ¥x¢ motu uniformé receder ideoque conjunétim 1. B
. . g ' hanicae pri

motu uniformi lineem re@am deferiber. : :m:mvi! %:n;

o bis praeftabic:

S?IOH' 2 corpufcula fil

. Quoniam eft — ~— ‘ pon poffet, i 1

9. Q 75— G propterea conttans, fe- hibere volaif

fultur angulum A B uniformicer increfeere, ideoque filum porum exami

A B uniformiter in gyrum agi; atque adeo heee duo corpus- mihi propofui

culi A& B fl"!o AB connexa perinde movebuntur, 2c fjvir. de motu cory

garigida in ipforum locum fubftitueretnr, expedito non

Coroll. 3.
10. Com fit g == BDid-g & do =& dserit 4 fin Yz

pufcula atque

4 = ,’l Si
@‘*fﬂfi’&dd-ﬁﬂtzn B dt fing: unde dfp =~y rint tonnexa, ¢
W fin ¢ . | eorum motum d
AiTE Quare cum fit sAddp = Pd; £ ¢, fiet

2 ABu (53 —p :
A+B . — T quz eft vis qua filum cendiryrs ubi no Sumtea
. rint corpufon!
tandum eft, G = dt def " celeritatem rotitoriam fili 2 2xem perp

AB od diftantiam = ¥ relatsm. Hine fif
4 St L] ﬁt dﬁmd -
ta celerieati, qua A circa B & viciffim B cirea A r:vi‘;::.

=y; Ocz=»r
= b, 13, A

vf =rF=
sury etlt &= 173 fietque tenflo prip— 248 S y—x=
A+B - Ex his motus

Scko-

pofito clemen
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11. Eefi folutle hujus problemttls- faciime ex me-
thinicae principiis deduei potuiffet, tamen hzxe folutio,
‘ quamvis fit prolixior, quam natura rei poftulat, hunc no~
l bis preftabit ufum, ut esdem methodo cafus, fi tris & plurs -
corpufcula filo fuerine colligaes, evolvi quesnt, quod fer
non poflet, fi folutionem maxime naturaltem & concinngmad.
bibere voluiffemns.  Progrediar ergo 2d cafim trium cor-
I porum examinandum, quem Vir Celeb. Daniel Bernoufli
mihi propofuit, & in quo fundimentum univerf theoriz
de motu corporum fiexibilium eff pofium. Hocenim cafa
expedito non difficile erit, eandem methodum sd plura cor-
pufcula 2tque &d omnia corporz flexibilix extendere.

| Problem, III,

| 8. Sitria corpufiuta A, B, C file urtiacTexperse fie- T8 3-
| rint tonnexa, eague fuper plano horizontali wteumque projiciantur,

eorum mottm deteyminare,

Solutio,

Sumtz pro Inbitu refta O pro axe fixo, pervene-
rint corpufcala elapfo tempore £in fitum ABC; duftisqus
1d axem perpcndrculxs fit Qx=p, As=x; 05 —y 2 Bs
=y3; Oc=r, CciZz; rumvero ponatur AB =g, BC
= by ang. AB) —s; ang. BCr==1, entque

qaupZafind; r—grz=bfiny
y~x=geofl; 2wy =bcofy

Ex his motus fingulorum corpofeutorum ita definientur, we
pofito elemento temporis == o, fit
Cele-
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" -Celer;!tu in dir;&!ﬂm Oojl Celeritss indiréftione Oce
oy dp N
Corpufculi A ™ i Corpufeuli A — %
- d
Corpufculi B — ;,—% Corpuftuli B ;J
dr ' ;
Corpufenti € = = o 92
rpufenli C —= yp iCw:u'pufcu!i C = o

Denotent jam litterz A, B, C maffas corvafenlorum A B
corpufcoloru
& C, firque P tenfio fili AB, Q tenfio fili BC; u?mﬁ’gf

- quentes orientur fingulorum corpufeulorum follicitationes,

Sollicitabitur | in direftione 0O, in direftione Quw
Corpufeulum A fvi= Pfing ViZ Pcofp
Corpufeulum B |vi=-Pfin¢~- Qfinyvi = -Pcofg+Qcofq
Corpufeulum C lvi=- Qfin n viZ-Qeoly

Ad increments velocitatum' definiends pon
. amus cor-
pulculi A celeritatem in dire@ione Oo dt:l:;il:au'rl:o efle altitf::i!i'.
niv, &vtumfollicitetur 2 vi —Pfin ¢y dum fpatiolum ap ab-

A

conftae, Quiz sutem celerieas eft — ?—’ faciamus JE —
. ¢ ¢

W

Pdp fin
folvit, flet do== L€yl ex principlis mechaniex

— O _
Ve, erity = g & pofito elemento temporis 47 conftane

sdpdd
ee erie dv = —g—;—z. quo valore fubftitutn habebimys
sdoddy P dp fin |
-—T‘-.Qm—‘i'—" fen zAJﬂ'pﬁPdt‘ﬂn f.
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Hne ipitar 1
deiniendn ¢

2 Addy .
QBHqu

e Cddr —
Ex his xqua
2Ad

2Ad

quz bis inte,
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2 Ax-

Cum vero fit
r = p—t-afi
his valoribus
(A+B-
(A-+B-

ex quibus or|

W
P-— —

.

"__

Euleri Ops



i

Z0-JAN—2005 23:34

O o7 M

- Hae igitur modo fingulorum enrpufculorum scteleistiones

de inicnds obtinebimus fequentas xquationes.

a Addp = Pdt find; 2 Adde==Pd: cofy

2 Bif.fg::: — Pu'r' fin+Q d:'ﬁnq :'Biafy T2 — Pd:'cnf( |
- Q¢ cofy

eCddr— ~ Qd: 'ﬁnq; 8 Coiz e e Qd:.coﬂl

Ex his 2quationibus sddiris nafcuntur duse fequentes;

2 Addy -~ 2B dly 4~ 2 Cddr — o

2 Addr—{-2Bddy 4 2Cddz—o
que bis integracee dant:

2Ap~4~-Bg—+Cr =Nt-t-qa

2Ax By~ Cz= Br—4-§
Cum vero fit g —~p —}~afing; y =& —~acoff; atque porre
rZp—t-afind ——bfing &z~ xr-d-acof —~bcofy, erie
his valoribus fubflticucis:

(A+B+C)p+(B+C)afinp+Chfiny ‘:'_"‘I‘Ir-l-tt. & |

(A+B+C)xr+(B+C)acofs+Chcoln —B;+p
ex quibus orientur fequentes determinationes:
o At+a=—(B+C)afin—Csfiny

LWk a - AsfngenCh—finy

1 TTRTBSC .
NArd-a+Aafing+(A+B)sine

A+B+C

Eulert Opusenla Tom, 1. N fimi.
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bl wedo reperiorar:

vz Dbl (BA4-C)ocory— Cocofy

ALBEC N
y=— Bpot-Fde Agcet?w Cp eofy
AB—C
s ?’3?-—4—-5«}-_Aafnf{--%—-(ﬁa-}-—ll)ﬁqu
ABC -

Inviatis litteris py gy 1y & ¥ %, tenfiones P & Q duptici-

wodu exprimentur,  Erit cnim

Pa‘r’: 2A4ddp & Pa’:""" 2 Aldx

fing —

. cof?d
Qds — w3 O ddr .

&Qds — 3L

L "

und . fies : o % o
ddp col? == dix fin¢ & dir coly—=ddzfiny
fub&tieatis autem valoribus ance inve:tis criz; ' :
(B—4-Clacofs d. find — Cheoft 4, finy— (Bt ¢~
o eling dd. cofl - Cifin2 4. cofy =G
=0 B Oha (el Al ing —find b, cofe ) e ¢
| (cof? d. fin g fing di,cofy) o l
# Aa(<0f9. fin?— finy dd, cof. )i (A—1-B)
{eofnad.finy-—finn da. ol = o
Az vero pencratin elteofndd. finp — §

nmdd.coln=-cefn

it i * *
VN eoln e Ay fin ﬂ)-—»!-- ﬁnm(d::'ﬂﬁnu....l..du coln), jdeo
+ + 4 -

e.:e cum Ae coimeofnei— fin m iy oM meeni & o
v cofin fing T 6 (8t —1n) crie ‘ e

l‘r}.r
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el df finn ~ finm.dieof o J:ﬁz{of(m ,”)4.[,, fin (I- . _ .
Cujus reduttionis ratione habfea fiet
(B+C)addl4-Chddycof(y —q)+ Chd q'm.(a —y) e

(A~+B)bddy+-Asddzcof(y —¢) + Aad{ fin(y =0
Integretar utraque quoad feri poteft, erkt .
(84C) a4 p4+Chilycof (¢ »meq) +Cb/d2dyin ({-4)—Conk.
(A-+B)bdy+A adeof (g —~C)+-Aa/didy fin(y-2) = Conft.
Unde partibus integralibus eliminatis fiee:

(Ei_c%)ﬁg-l-dq cof (— O+ (A -;B) by 4 cof (g ;’ )

.:..Canft
+C ALB)S
03 Ci"-’f ( + ) h-ﬁ-(d’;’-ﬁ-ﬁ)cof{g’-—q}-— —
44
Per {ubtraBtionem vero ex duabus illis zquation'bus diffe.
rentialibus oritur:
(B+C)add{ (A-+B)bddy
C s R Aa ““Ohwh“ﬂﬁﬁmﬂz-ﬁ}$
(42 =y ) fin (2= y)==0
v+-u

ponatar (4= v & C—n=u, ut fit & ——
| . 2

| 2

wbibitque prior xquatio integrara In hane:

N2 R4

L ]

&y =
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SO (B+C)ada (’A+“'!Mv (A+B)l‘tfl
"ate T aa i v 2As
d :
+Jvcof'n“‘*t-é-} “ L
L ]f
 Peftetior vera ®quatio differentio dxﬁerendahs in !zauc"
(H+C)ra_.'ﬁfu . (B +C)addu (A+C)bddv
2Cé . 2Co . zAa B
(I\+B),&dcfu S e

s Aa ~-ddn cofu—j-t (d:r —l--n'u )ﬁnu__.e

~ Ponatur brevitatis gratia;
(B4-C)a  (A_t-BYs -
- c + Aa —_—™
(B+C)a  (Apmys
Cs Ag  — 1"
erieaturque iftze duze equationes: -’

Imdet ®udy 4 dvcofy = a

gy

indivy 2 mdnﬁ:—--n'a’ucofu-l-‘(dv +dy )ﬂnu“""

Ex priori it dv — 280 V[ — nd
i3 cofu

qui in a!teu

uﬂv “+madu — 3 dducotut-( dy -+du )fne—o

fobftitutas pb ldu:: = rdda

- 4drul‘nn V- end, ﬁn-
dabie:

(m-l-zuofu)

wmt+2coly

4"
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B v &
t--ﬂmfdﬂ gndmf# finn: f---i wndu fnw
m+3cofe . (m+2cofﬂ)‘

- mdda

25y du cofu—i—- di ﬁn u—|—-

ﬁﬁn,‘ f--4na‘:duﬁnu Vf+nmfu i

—— w—
—

(m+: cofu)

-,
. uih

yZis ﬁnu 2 f-5{men . vm)d'u finu
: m+!cofll,

‘ 4mdu ﬂnucofn-!-#dl fnucoru
v N m+2cofu

ol
- 'c‘ - F du '.JEM. Jﬂ‘“
Pomatyr gt =— ——eritddi~=p— —
el i Ve tave [déoque

" dudw .
dh = <o quibm valoribus pro 41 & d#s fubficucle

exie: L f -

- P
hY

S A ' ‘
(rm.an)dw. 2dwcofu '+ 4 finw: f+-{mm - onMdu fing

B vy e p—

20 L w : m+accru

4mdu ﬂnacofu+4g‘u ﬁ'ﬂu cofu .

| EET 0 ~ ZZofew
L s 3 mods fing
3 m — J" ——— ’ f —— .
n( ) X dw cofs m-4 2 cofu
j »
—{-—{H-}-!tofu)wq‘ulnr-l-f(‘ ufg;}--)-_a o
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™ 102 &
Sit eofn =2 7 srque ob dufinst == we ds éries
il trocads y,
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