AH Cxaw,ole o/' o Vowt‘o\‘(w‘otwl Proglem

Aw  llucteative  example oﬁ a variadfows| prollens LS

{he oug where ohe (s osked to f}u,{' the Curve

tlat  Correspoudc o tle Shorlest path Cotweer, Ltwo
FC’“P\{:$ 6l Qa qur"ém(‘,e‘ _Tlie, ‘Dro/lcu,‘ Kng a Fﬂrﬂcular(?
Llat curdce (plave ).

Siw‘,lQ So(u,lc'oq oun

IV\ “e"f‘l“"‘gv\lar QOOF”‘“"W"’C5 a SVLN'C}B\]'; [lwe ¢S Mmcl/ualz

dederwai e d ej #,‘X,‘WZ twe poiuts oaud (1 cau aleo Ge
A4 _ o cowylied

gz -(-,(,te, a(ift?ere(,ﬁl(‘ql ecpqahov\ et
Col«olmtl'om ‘qu-{— the \/aLlAeg g\f ‘d(}() e X=X,

)<=X7_,(¢>olw} Z) are  provided
%elu,ra( WQJ Lo lswl. at the f""//%

‘m{—(ﬂ Petwee, tue two PO"‘J'L%

deS(‘/r)gea(
w ikl  the
(fohﬂ’ () aud

AM?LLQ(' and more

{o Wivnimiz e tlhe

l“
> = €.

s
Lo “Wﬁ/'ko Lt the two (1£|¥60(> f0£“+$ are

Oue
aud awug tuée.

ge\(,u:) Covme cted % a” M%?g

Curves we 561661[ the oW
Value of +le c’u#ecbrul, A L'Mpvrﬁ'«l" f’m}wrﬁj "iﬁ

e curves
whiclh ylelds the Suamllest

(’059.'((¢
g(,\&& a ﬁrm(&la‘Hop\ 01[ +(AQ la“@‘g(tu\,‘ L\$ +c\'a'l' (\\( does Ltv‘!—
de.‘;euo( ou the chotce of fe"'ﬁcular' coordialec

X ehd zf (019

FeavLmu:%u(ar- GOOraUM‘Iﬂeg

At”f,.» Lutro otuc)ug
1¢> , tha fﬁo{lew fog(g dow, {‘o ﬂ‘kalt'ug a ?q‘hc-
tiow Yl fr which  40,) aud  Yla) have given Bxed

Value, oud the tulege| A ”{‘3:3\"‘%

X'L /./.
¥ /ﬁ Ay e = \i A + (fo
dx :]1+ (%)L .l)(

\4




» \A/L-LV, la()() = \80(7‘)
. I"\ the Vt\c,{k;{v\, 9;{, %o(x))

(jo(xwr gg(x) - ‘30&) 1 €vl/(x>
‘z/(x) Ls Ol ar((‘\errj QQ_”AC;HO‘/‘ Lt Saki s ve g

‘a(f) Cown Ce represec, feof a g

\/\/E\LFC
W) = e) =0

an d E LS au (ufinites |
of ‘(T lh  tle come \/Cciuffj Coulf e Tepresented oS

parcaiue fe~ T&Q ”‘@HVQH\’Q

' |
( (¥
Yo 00 + £1.06) I[gml ek

F@r' e Winimunm Oﬁ ‘(QMMCH”‘M\I
ST =0 or ;“”’”M‘Ht/tb ,

2

requice.  That

I_ L‘é}(x)+ EVL(x)] - I_ [%(x)}

UF o  tle firﬂ‘ order o & Ta’//(hg

— T L’ 1 = %U\L K
\}4+<%2+5%>L = W*ém . O(e%)

(:u\,J-’D accm,u,b{—/ 'HA»JL

e b - XLW?,AX
— T Yo 0{ _g uh
IH;«EVL} ~T[4.) = & (Jh\jo +6’1+_~;} +> ¥ )
N . [
VR
- ¢ ) @ |
| ] §wa[a( tale r[ﬁCQ Vér (M/tb lz/ (l/u.o

The abve CWeality
) Flad oot Q‘ﬁleg e
ks ““Leﬁ“‘tf— Z(? mrng
Coq*lnlug “ (M+ 7/)

condition )= U)o Now le t

Thie will glve wsg  an dulegra]  Elaf

\‘7_ A "30 ol)‘:o
oy A &m'<//€>
° A = - 0&?( A °
[ A= T dx = {7’\,’ L T

ol
x) 4+lj° i

O,géumse W(K)= Wiw)=o
The last iwkesmnl vawigles euly if



4 ( R

e \Trgr )~

{w c‘@ L were ho sw#:g{)leo( evforgwl\ue

C&DOQQ 7/(?4) [/,A A Wab- ‘EL,Q]L H l\S a[l/\/ags P097HV€,
-

whee T (W}

tuie expressioy S ‘/LLT\‘HVC ,

we Cou (A

Suc&

S (;voshh\le, avd choose i1 ng"}"'/e, where

Tlhere ﬂtrC [‘{L 120//014/9 that

‘j; = Coust b d f]o” = 0

Tlhe [atter dt‘fﬁ?cr%hal equat o l/t'e(plg a SvLﬁaLZL-ﬁ l'ye .



GIDCMW«( ol(gcw;giou og Va,rz‘a‘hobml (Pn‘hc{lg’eg

Let us cousioer the EDNOW}“Z Ole - divmensioys|
ocoblons . Givew an infegraéle funedion  F(y,4' x)
deflued ou 4 poath ‘g’V[") between +y, Vvalueg
X, otudd X, ) w here 3'7%‘% ] we wa‘sLl to fat'uJ a

pocticular /m'l“b\ Suclh ag the liue (nteg e |
A2
I= SF(g,g',x)o(x
X1

TL"'\L—&Q O e;c~l~re wu Vﬂluf_ (eg ]: hd&ﬂ S"a"’[ol&al‘
Value/ "e//m/-r‘ve )Lo [%J‘t, otif,eerl u,S fl«#«‘uf f‘esim/!y #m wu,
the Y@ whicl, realizes tle e/\CtT&VV\MUv\) |

Our frcog(ew (s mus(ﬂ?me,{ ’A
\jl- - - = =TT s

tnbo  aw 61(““&“*‘“3
extremum value rw@lew.
é"} c,chriuS the ensewdle g [==- -
o{f all /DL‘?g,‘c,a[,(b weawiug{{:/
faHLg Z? a /amrau,tc%ic
Felprcg@mﬁhoh

y (x,€) = L(so(x)—!— &y (x)
w here £E s a ‘wrmwder Coustat T Porr e\/uj /M‘f’lu)
Y (%) ¢ an qr(i‘*fnrj i“(r&feh“af(c funtion  tuat
vaui s les at X aned Xq o ‘L(M)ﬁ Wike) = O .

T&e o(ec': red curve f§ ql(\/&(,\ €5 ‘Jo(X) _ z (X,O>
F_or qub Q«AC/C. {}»ore\/hz\e,'lrl'c_ V&\Mila 078 Curve ¢ I o

I o
o)+ €1 (x) = Y(0E)

W )

Ay



Tle condiFon ’Qur on  extrewmunm  value of iwleg_
-Fo«’ I ts {M&M"

d I

e

AE

TKQ Ar {11'67‘&4-#«‘&‘/“30 t
( allewed ot F s @0“‘L““%0us(3 diffecentialle with

reg,»ew(— “f-o E) (j"e(a(s .
‘BF RS :)f_ })l—” l>
<EF31+BF3L >0{>‘:S<W 3.1 dy

= O

wder e (utesral 37144&/

DE
mt& VE DE ‘bx o e
o

The Secoud ferm Cap A (:b\,"‘esru‘/*eo! %

e

X

S)F M e = [%m} :', S(g‘xz‘;\)molx
X4

ports

3‘3 2%
W B
o beanse "L(Xl): IZ(’(t) = O
Weu e extremnm Coudi f10e gecomgs
X
g 2 _d o >"L Ax = ©
3\3 AX 'Dtg'

lewlus of Variats
‘ Rl Lo of The e o
Tl:\e —fuuhwewh'

%vwls that L
Xz

S‘ G(x) W) Ax =0©

foc “hy arbitrary %‘”“d”h

cesod dervative tTheun
We Cowv. Wt {(/

LYo -

vL(x) toub huows ﬂ»rwsa fle

& (x) must Val‘l‘s(»\ /("ﬂff/vrc_

E_btlﬁ(‘ - L@L,(‘auger Q‘{,hq‘[-m(,,



T&e QOLOL‘{"OM ‘EO ‘f/&ﬁ Euler.- LA%r‘aqu_ e,a‘ha-l—.'ah
J

,“,;d;#(ermﬁel equation 9{1 Seco ol Ol‘c(er)‘ll-ogaf’ﬁu' wi

@mwl,uj Counolc o s J(/’{‘e/ld(S‘ tie patt Sou?L‘L_
Le/-’» we Aeet'he the Variahon of & $ovehon lJ(x)g)

as
- £ g = O

o
o€

g% = ‘a(X,Z) - %(X,o) .
’ﬂleu the Variatiows | problen, toun be yﬂorm.,‘/wfea(

ok X2
SS F(tj(x),ta'{x),x> dy = O
X4

Fuwehiow F ton also

of, L“‘b““”%"« Mwlw‘-lylicr“s.

I.Ltcluolé, C—beSfT\.lk“l“S é‘j “AQ«:(,(,LS

Qew,ruluuvqmn ‘o "V‘ﬂhq tudepensle. + Vovmqgleg

ot ta of deciVa féo o(i Laﬁronqag equatiouc

A vaciation of e iwdes] T ln case of
i Hple Ll«o(c(:euolw-}- Variallec i 6 : .

ST = gg F(yato, oo yalx); ‘34'(0)\..3:(0) x) Ax

(s bnga\ue.v( fj Coks;alcrlus I as O #uucﬁl“'&u af

rnramc-l—e»r‘ tuot loalele é&{:s
Gi(x, € = Yilx,0) + EH 0O

od CurveS

(€D = Yn(¥,0) « E1, ()
We\brc Vl, o 11,“ ave Lholo/:ew;lm-l q/r(l“/‘f‘u.rj 72401&“0(&3
tla 4 Vauis b af K, anwd X4



. KL . ‘ :
o 2L ~'<>_£_zmg 28U Y
61= 2 2. ..

Xi

A’?ﬁ;k we untegmte @7 d’”*‘s tlhe Spcond TFerw

L  Pa
gz; zazx % = %ﬁ%l 5'5}‘ <)§;>A>‘

k/—-\/\'/
Tl o | .

A oF ce Sy.»odile
<aT g Z(i‘j. ,( ;j:) g'J{OlX W e ‘j -DEI&O

of the %ulmmmkl lewnteen " tle

Bb) Tue exlecst ot
oo + all coc{#i ctewts

Cou di oy, @1[ &)é"Lpem reo, witeg

éu) SU" vauich

/f e w agba ge M-,Lu*/—ia@,/s Q(AO( r‘{,l‘)(a@e'
We -

F —= L Yo —= Yo —= 4
ac)(-la’o, g§ = O

—_ .t_

Hie );r‘iuc\ple, ‘Qﬁ {ea,s-)t

4;‘1«6(4 .
R NP
t)
yields |
d 2’::- — 2L - o ¢ =4,. h
At 29 09,

o .
hude assuf\mk“*\ou ta %b all tholepen Jecu/-}

w hi e b, Freguire S toat the GOM.SYL‘“DJ(X/S bﬂc [w(ou,ou,[;(



