Homework 2: Phys 141

May 28, 2019

Problem 2.14
The critical angle for internal reflection is:

0, = arcsin(@)
ny

So, for water

1
0. = in(——) = 48.8°
arcsin( 1.33)

Problem 2.15
The Brewser angle is

Op = arcsin(@)
i

For water this is
1.33
Op = arctan(T) = 53.1°

and for diamond this is

2.42
Op = arctan(T) = 67.6°

Problem 2.16
Water

cosf — v/n? —sin%6

s =

R S
2 _on2g 1 RS
cosf + v/n? —sin“ 6 ﬁ"*'\/m

= R, = |r,|* = 0.053



—n20059—|—\/n2—sm29 —1. 332\1[—1— 1.332 —

2
Tp - 9 - _0'05
n?cosf + vn? — sin“ 0 1332\1[+4/1,332_%
= R, = |r,|* = 0.0027
Diamond
cos — v/n? —sin? 0 \/ — /2422 -1 053
7’5 = = —U.
2 _ <2
cos + vn? —sin?0 ﬁ +./2.492 — %
= R, = |r,|* =0.28
—n?cosf +v/n? —sin? 6 —2422\1/4—1/2422 0,98
T'p = —0.

n2cosf +vn? —sin’ 46 2422\1[-1— 2.492 _

= R, = |r,[* =0.08

Problem 2.18

To produce circularly polarized light the Mooney rhombus must induce a phase difference
between TE and TM of 7 in total, or § for each instance of reflection. So then, A =

6,  cosfv sin? @ — n2

4

tan(—) =
an( 2) sin? 0
if A=7andn= %
then, We can find that 6 = 60°
Problem 2.19
a)
The amplitude of an evanescent wave is
Elle—a|y\
So then,
1
ly| =
«
Now,
L sin®0 .
n2
and
kl/ _ 21 _ 277-‘-
N )\0 N nA

Now, since 6 = 45°, n = % and A = 500nm



So,

«

o [1.52
= — —1=296210"%nm ™"
15500\ 2 96210""nm

Ey = E'e W = Ee 2%

b)

for |y| = 1mm,

12 — |E2|2 — E”26_5920

So,

L |E? a0

I B>

Problem 2.20
If incident angle into the fiber is «, the angle of refraction is

ng sin(a) = nq sin(6,)

By geometry,

ny sin(6,.) = ny cos(h.) = nyy/1 — sin? 6,

Now,

So,

. n3
sin(a) = nyy |1 — = =\/ni —nj
ni
= o = arcsin(y/n? — n3)

Problem 2.21

1 _ tan(f) — tan(a)

tan(g) = tan(§(517 —0s)) =tan(f —a) = 1 + tan(p) tan(a)
Now,

Vsin? 0 — n?2

tan(f) = n2cosf
VsinZ 0 — n?
tan(a) = ol



So then,

sin? #—n2 sin? §—n2 .
v _ Y cos #/sin? § — n?2

tan(—) _ n? cos cos 0
2 1+ \/sin2 0—n? \/sin2 0—n? SiIl2 0
cos 0 n? cos 0

Problem 2.23
The light is unpolarized, so I(T'E) = I(TM) = 31,
According to 2.27

pP= Imax - ]min o I(TM) - I(TE”)t
" aw + Lin - I(TM) + I(TE"),

Now,
cosf — v/n? —sin’ 0
rsy =
YT cos0+ V2 —sin? 6
Since sin§ = —2— and cos = ——, we find that
NG 1+
1 n2
_ 2
TL2
rs1 = n%
I+ 3
1
n3
—nz|? 1 —1.52%)2
= Rg1 = Ll =|——| =0.148
o ’1 O B P
i

Now, since the light is still incident on the second boundary at Brewster’s angle,

Rg1 = Rgso

Now, I(TE"), = I(TE")(1 — Rg1) = I(TE),(1 — Rs1)(1 — Rgs) = I(TE)y(1 — Rg1)?
So,

_1-(1-Rs)*  1-(1-0.148)

— = = 0.1
14+ (1—Rs1)? 14 (1-0.148)2 0159

P




