
 
LectureXV1 4.4 Reflection refraction

ofReflection
A rayoflight travelsfrom Ato Pnot

b bounces on the minor surfacetoreachB
a

in the shortestamountoftime Then
vi Is D in r

Rropontin X BS
e

Irooft Set B's minor imageof B draw P as the intersection

of the line AB with the minor surface

p
B Then 2 8 opposite angles O B

n because dist B minor dist B minor

From this we get 2 8 1

41.18
Q Why is thisthe shortest path

z

I We know the speedoflight is constant
so the fastestway is also the shortestway

We compute the total length
LLAPB AP PB AP t PB AB

Now for any other point P on the minor wecan draw thesame

3 lines AP P B P B

l AP B AP P'B AP t P'B
But AP t P'B AP t PB unless PEP

shortest path between apoints is a straight line
Conclusion The P we pick minimizes the distance travelled so

TB must be true
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Roof View this as a minimization problem use calculus

The length of the pathdepends on the locationof P We set x

to be the distance him P to the left write P Pax Then

Lex AP ex t Pe B Ixtat t nets
Constraint Osx se

Note a b o so Lex is antinous differentiable

By EVT it has a minimum
endpoint

e Endpoints co at tf
t

Lee data Me

EIE E.EE a
Note L o o L cc fan

0

so L decreases war 0 increases near C This ensures

that endpoints cannot be minimizing points

2 Critical Points Hero sines T.IE t
We square both sides EI Effy
we insert atf

Ate X Ex
Innit again E E n quadratic in x

we can solve
But wedon't need to solve for x Remember we wanttoconfirm

that a p fr this minimizing value for x



Here tan L E tans with Cain 2 I CanB

tan 4 tons 0 because a b X c x 0 L AEFE
We include L B at a critical point of L
Note At a critical point wegeta minimum by the2ndDerivatiseTest

L

Em Iet
L IIIF.it Iij ExyktcExsyk

of IC
Q What happens when a rayof light travels through a differentmedia

lair water glass

A Again we wantto mimmizethetime it takes totravel fromA

in onemedium to B in a differentmedium

n t Write was speedof light in airAIR
a T E us

Is z so I ee We assume ra Vy 70

I x distance fromP to the leftGLASS WATER

b Gnat o exec

Write L B for the z relevants
c is angles in thepicture Notethat

they come in pairs theydepend
ontheposition ofP so onthevalueX



Snell's Law
Sandy constant called the indexof refracting

This constant only depends m wa ers not on thepositionofA NB

Proof As usual we set this as a problemofminimizing thetime it takes
to hand thedistance fromA to B

Time in the air Tay x distance
Ivelocity AF Any

Tune in the glass water Tg x dying PE Atf
So Total time Ty Tay x TgIw X

Tix Late 15th
We want to mimmize Tix subject to o exec

As before T is continuous differentiable m Co c

By the E VT we have a minimum

1 Endpoints Tio q thigh Tcc Et t by
T x wayyy k

ex

vs b't c x k

T co
Eyal

0 T co nage s
0

so T is stu decreasing at o st increasing at c Thus theminimum

cannot be achieved at an endpoint It mustbe a criticalpoint
Criticalpoint T ex 0 gives Eye I

sin Lex sinBex
contains At the minimum we have

signage Eg
constant

Note Use 2ndDerivativeTestto confirm wegeta minimum since

T ex Ia cafe I IT MIX 2 3
2 70


