FERMAT'S PR/NC'PLE (4.5)

EVOLUTION OF THE VARATIONAL PR ACPLE

@ Shoatest Path Parmeiple
Example ; Reglection at a Sucface

& —— whatl would be +he
Cxnct path the

P !";“;h‘l beam (-ollcw: ?
72

Heeo of Alexawderia: the path taven bz a
lrght beam im goimg grom a
boimt S 40 a Poimt P via
o reglectimg suagace is the
shoatest pessible ome ™

Amon, the imgimte Mnumber of poaths that joim

S and P via reglectiom, let's coms dew only
those +hat follow o rectilinenr ,aAi"‘\.



‘,.' 5
wk're 'S x 7 1‘( 7““"0"", +h¢”’ be‘omf.f;

e what is the lscatiom of

the poimt X ow the sux-
fAace that maves the

’Cm’*lo OF(?;( + )-(F)

Mminimam ,

Lets deaw o 'umt' $' beneath +he Surgace
and s,mmc'l’u-'c *o S

S Notice that, b/ cowshtuc-
'btb'ﬂ_ SK x :
‘I"herc f.mu‘.

sx +xr = S'X + XP
\.——v——f

Notcce im the gashh
this lenygth is always
]mfm than the

S"&ﬁoa‘l"’ Itombﬂ" P

v/

S +xP > S'P
So, we have eound
6 YATWMI MU 'Cﬂa""’t

Foa. R.{.;ﬁ? to be the path of minimum lewyth,
X will have o be along the s€yment S'P



[ %

Accacd:m‘ to Hero, the lcght beam choosss
the path SAP
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Thus, in goiny grom S to P via
reglection ad o sangmcs, the
light beam ‘“cheoses’ ¢he
shontest path sApP,

In Jolm‘, ¢hat, (t tunns out
that the imedem¥ amgle s
cyunl to the reglecting anghe

Fa//awlﬂ, The sAmME Aryumen s, we will con clude 1hAT:

The shonfes path SAP must lie /» ?he
2ame plane that is /)Cr/}gud‘calnr o

the reelec fe'na SunfAace .
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 —— _
S, A and P lic im the
sAm¢ {,lanc) the "I.Ianc
Inne ©F o imcidemee™
imecdentcC

(@) Hero's Trimeiple is not A,‘,&Ic'enélg fo descr. be
phe nomema of regractiom

rtﬂl In ao;m; fom S 40 P
bl ,,,.«tk the light beam degs

notl choose the path

of¢ shontest 'eaa-él.,

Hero's .
,ﬂ-‘d"('fl'ﬂﬂ




B PRINCPLE of LEAST Tim§g

Feamal (1652) " The actunl poth tawen by
a Io',l!‘t becam im ac.‘ma From o
poivt S +o o poimt P s the oeneg

S teavensed im +the leasd #mg "’

To get faom S 4o P

in the min.:mum ‘.'i"'"(,

the l.’al\‘f beam may

want to wmax; m 28
SX (where it travels

Fﬁiff¢) and MnﬂgM.Jc

Vo T, 1‘3‘“‘ XP (where it taavels
fe——2—— slowee)
CASE ‘ni < .n‘k t(x)— time o *BAV‘:'
601!; _Sx P
L= v —_— —_—
v‘ gk J t "t - SR +é_€



a/ 1Y,

t(=) = (h+22)" (v +(m-x))z
V«: v‘k

dt zx. __!_ . é(t-ls'(")

™ imimum +ime sim¥; _ sinr
occuns when V- v,




oPTicaL PATH LENGTH (OPL.)

- )R Z n
t"‘a - Z \'g =& c
A ¢ P

p -&1—2 n; & | . |
\"‘__-.~% ) y/l ®
optical o PE-T

'evaf(ﬂ A I)/
,n. | nl .ns

Primciple of Tainechle of
least time @ lenst oPL
c;a:mlcnf
In going Eeo™ At B
the Reght beam choo-
scs +he path that

has +he lowest GPL

when the imdex o a.tfaac'h'om c‘mm.’e almest

comtimuously :

0PL = j%n de
A
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@ Lenst Time P“-"'M""'C may not worik

q,“ +he ‘hm:.

S, P: foci of +he
G“a”l“ld

The thrce saaenccs (1), (2) and (3) Are
+A‘n°¢‘n‘t ot 'n.‘-nf A. But fnh,.f.‘tﬁ”/ wg

have 4o cons'der ome ot a time.

Plane mirnor ;!
The path SAP is +the ome with +he
least oOPL amom g the many other
fath that reglect faom the miknor
E"o’l’SOt’C’-:
+he ‘mf‘\ SAP s :‘_ti__t' the omg weth
dthe least oOPL ameny +he many

2



Soid.

In gact, it is & 'mapfk‘f] of the
cllipse t+hat ANy RAY foem s wll
be azglicted by +he ell; psored  townad
the fwimi e (u;nadlee.r which Iu:ﬂ"'
on +the sar (Ack +he &tf'tct’m occuns
AND ol o¢ them have THE samge opfL /

Suegecs (3)
It appeas prom the fiyuec thatl path

SAP is the ons with MAX ofL
amemy) the other l\f’w{'he‘ficnl 'M‘l"'l
that sdaet at S und reglect Fowned
P.

That s, path SA'P where A is ow Hhe
Suagace t3) VEry close +o A will have
o« smaller 0PL (which makes +the OFL

°F SAP a mna x-’mum.)
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MODERN FORMULATION OF FERMATS PRINGPLE
praticulnn kath hnas the
kw}otr&"’, that

IF we maue a small change

(say 4% sh.‘Ft)hn the ray
in Amy mammee w‘m"’c\/ﬂl,

SAY in +the {locatiom nt wh.‘cl‘

it comgs to the wmirror
or

+he shn*t oc +he cuavg
*F anything

THEN 8 (orPL) =0

there will be ~o giest onder
change in the tirme, S(tw’) =0
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'.ﬂg time the ‘o"‘lf
beam taxes to 3o grom
S to P is A fumctiom

of the }maf-‘c«.hnu poth
it teawes,

£, .= F (path 5> °)

dthnt is to fay that .t‘SP d&kﬁﬂ“'s on
Soeme haanmeftas thnt speccy +he

P\Hn crewm s 46 P

[We have elaeady s&&w am exnmﬁlc of
that begoce . s
W th Ky and P /

‘beimy pized poiwts,
the rect:limenn path
is specipied by
the paanameter 2x .
thus
t,, = F(x) J




le
. When comsideainy twe difeeaent paths, therc
will be , in gemeral, a digpecatnce im the Fime
the lroht ¢tace 7o o From S' to P alems

these fathg
At,. = F(patw') 7 F (path)

fFoe which we use
the notatiom

= 8F

) 7tﬂ€rhl At&? = & Ax + b(Ax)z-l- e

where, ¢ona simblicrty, we ane assuming
that XX isowe of the parname feas thrt
S/’CCl'f, an ‘K‘l”iﬂﬁﬂ)’ /ﬁt‘..

But, ZFSAP (see fraunc above ) were ¢he
actunl Aath falfowcd by the /[rght

beam,

THEN
there would be wo piast orden chanyc

(1 FA€ t:‘me -tSP;

there weuld be only a s&comd ondenrs
chamge in the Fiwme.



In symbolic goxm
§F ()= 0

STATionARY PATH

T¢ to=Flbath) wesay:
the actunl }mﬂ\ ¢ollowed
by the Light beam is
the ome that maces
the (,ewu‘f-'é-n £ statio-

.‘HI‘G'(

VARIATONAL
PRINCPLE.

K
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PRinciPLE OF Revinsib: lnty

_ MNotiee that the vanratio val ﬁ,-,.,“,[/c sheaks
only abrsuT ¢the staliowany prta ( withoaT
specigention of draectrons A/‘ﬂa wrta ct).

Ig the Roles of paimts S and P azc
intachnnged , so thnt P s the souncE

e lrght, thre vanria f,"an»/ ﬁnf«:;/lc w. M
predict the path [mt’h as defegmined

for the ot«’,‘nﬁ, digectron of /reht ﬁup&%ﬁﬁs@a

S Y

A Ray geimy feem S 46 P will trace

+he sAame [mf"\ AS ong Erom P to S





