Le Lune 1 : Variational Problemg L
& Newto's Egvalions oﬁ Motig
We'll wae the followng nofatiom

cr=aree) = (X, -, X)) € R”

= (X, - xn(t—))r
o powmk (or pad'oc,&.)

s aned'dY

< €, = (0,0,-,0,1,0,---,0) €R"
1
The ¢ th stamdand” (o canouical )
basco vector o R"
’ dir ¢« 3T
!r dt_ — (X'} ./ )(n)

\ the Lime ol.e,nmfcwe. c.e.
the Ueloo«.lz] vectfor "ﬁ the IOMf:QQg,

For n=3, aﬁfmwoz, (x, 4,27
wmstead (X1, Xz, x.s) ool

L, j/ k. ~vasteodd Of ﬁ.’zu €, L.

Counidor o w\;(:.(,Q_e, 06 maosd m unth
Lo pwl—»m Prie e R ovLng umaen
om external force fF e /R



Then, £ satxij.es ﬁaffallo-wwg fomouo

NWI’O'Y\,S r_?u\-a Motion
,ﬁ‘:if, =
() T aue,@.mfcm
wertial force
> Com nolue for Ir) grvene
wio) & Ir(o) .

Now-, Lof’s conaider o apecial foce
F=-VV, \/ Vix, 4, 2)
bV oV oV Azt al o
ax 94, DE) (of’ poteutis ﬁ‘&wugj)

Naw‘ nuppore. o- podade moves under
o[oﬁmea»e— el unth no dihhe

Stepose wWMMw
whol con we ﬁovg, b4

T aﬁezu@’ruz,.s UWF
Def. The ‘%»mﬁc,we/\g of o ponticde wo
Ti= LwmiF, [[uokaEuJ&dUw

The Total e_/rwvgg of, the partide w nan.
F = -+

—

y I




aa

¢

E = (ol . ¢ : Lme T

(ie., Conservolion of enengy)
@Q ° Show thet if the patticle. solisfies
—  Newloms eRN Motion, mir=—-"7v,
Thawe L's "o Conseavoinve ﬁJeﬁ.d.

_Di. The odio a'B The POVJ_N,QL
a  Covdiwwowo «fa.t@\,X Stoabting ot
R A€ ADIENVNS O«.rr‘l,'u-u‘ndaf Wttt
w de ww.olt o0 t
A = “CT-=-V)dEtE = L. dt

~AA ¢, AANN» ¢

T =: L
depeviols on the Logromgeam
o patbo Y, C or wiﬂ?« e Ren)
SOfA:' A[{) I (€, J B

= E\,J.Q/v &~ oﬂp-?mwﬁe, tlmcuﬁld?
cun ochial patin = ang (2*'2_/‘[', ACY)
[7 2 a adtf admissible et
o MEL YNLUS > -
F= {¥w)=(x0,yw, 2w) tiststs |

¥ (t)=Ir(t), =12, x,4,2 € C‘ftutz,l}



RemamR: Unmder the conserwltive feld
E=T+\V= c,ow:C.,Sa? C .
So, L=T-V =2T—-C
= s A ( omounlts to
g pen AW st
. = MMJ":M af
O\Aﬁ T d€ *hﬁmd&f‘eruﬂ
~JEL Tt of the kinddic emeryy
> Y Natme awajo Mirarmis €4 eefion ”’
“ Crook viode the windd o the Wloﬁt
L cononwwe ol w-wa."
See : HildebrondC & Tromba -
The Pwsimowious Umvernse |
Springer, 14296 .

. ?rin& o£ Leaot Action

(Leibney 16965 [Mawpestuio 1746
Eule’ 1| 744 dfa?«rw«je, /760,
Howvwid fore 1834 5 - ©)

A paki e wittn mass m oond pileitiol
emngy, V() takes, ca the Eime intepyal
(1,591, the path ¥¥st. &

* — M = ‘ (-—Vd
L A Aly) = g e ), T

!




Let's cdheck thio! -
) = (xb), Y(t), 2(8)

to e2 e 2
) A:—.ft {-g'-(x—ky{—z)—V(X,},a)}df
Let wet:>) = Po = (x4, 2:)7 i=1,2.
Go Elon &WOM— e ik, [ef's drive
+he neced cond, for @ path Y 4o be
co M&;‘WLJCV d:" &) .
Let ¥*= YHit) = ( x*w, y* e, 2%w)

té[tllfz_:,/ +o be— S&O&.a—mm{'}@r
ool gaauwme Y¥ec [

(¥ Lo paio to be anm efiemal

Now~ Comider a path sl.‘glct@g deviating From
¥* e, Y%= (W) + 5w, ¥, 2% e

So, $(t:)=0, ¢=l,2.
Y¥ o called o vorvationc of §r
S Hemeo the W&wm@mof auations
ta
Ale) = Ace) = L’ {2 (1x7e$) % 4724 2)
— V(X e, $%, %) fdt
Sne Y*z rz w the exthemal Mn'mlvwl)er/



we vt hove
N\AAAANAN

44| =p

cLE/ £=0

BA .= %‘?:’ ‘ =0 co Callod the -Firs‘(.’ vamalroe
€ A

ta 2 *
one (s ot
o VO T e fdt |,

zg (vn>'<§ g (x*;»"’ z*) ) dt

In’t t, S

by _mx"’ — mx*s + 5V dt = 0

Parts 5 t, gt.( § sz)
INANAANA—~

= gtzg (mi*—n—;—\/-)dt"——- 0
—rm wao( ol odmussible g (t),
¢ €., E < r, whh B, =P.=(

Col el no ug Vorsoli ons (4o be discussed
| ot~ ) , we fvm,wtlf\we—

m X* _l._a_x(x* g*z*)zo

e mx¥ = 3V(x":‘j z°)

Simidardy | by Hu.\mwahm oot yF a2t
wWe relover, I\ esrton's %L, of Motion .

WMIr) = -yyar) 1!




Nofe that §FA=0 0 judt

Condl., got Like the 1t W
—Ew v%o'ﬁ\z. msztab%m, MCU
e ot d;gW.

See, e.9., Gelfomd & Fomin ;
ot 42 ks the detail by

It's wtenests ng Fo matn. thak the

ety ey g A = dA =0,

AE|E~D '
wao suffivent to devive Newtms oen .
ff.Mo’L'im I We dedit ﬁa,ue_ Fo fnd

Y, PO &bSd'eu-tQ. Wmv’ef gwﬁn ) [ 8
S“i’gtﬁmwg petd wald pufficiend forr SV egn.
DQAE. TL G potd Y & saxvsﬁ—f@o § A=0
Heae pndh Y o called o sv"a,f’fmaﬁar faﬂx;
o we 8 0y, e ochion_Tokes oo
S‘I‘a.ﬁ‘ma/ba roluwe
HMW;.gww%eﬁM?ﬁn@le_ f
Lol BT ol ok npaidad oS f

Homdlton's P cople of Statim a Aection
- (1834—35)

A mechanveal pystem with the kinefic enogy T
L tHe po‘f"euf/iaﬂ my V behaves withmm Ew.z,y'
t €[, £a] for agiven lnitial & emd poufion s,
A =\L *L dt prauwmes a stalionay value
) -r__V




