EE 434 Electromagnetic Waves, Spring 2009
Exam #2, 2009/3/20 Solutions

(1) The reflection coefficient is

Fzﬁz—Th
m =+ 1o
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Since i = g, €1 = €y, and €3 = 3¢g, we get

47 x 10~7
m=\3gax10ez o8

47 x 107
2 \/3 % 8.854 x 10-12 8

The reflection coefficient is thus

218 — 377
=—=-0.2
377+ 218 0267
The amount of power reflected is

W
P. = PT'? = 100 x 0.267* = 7.14 —
m

(2) We use Snell’s law,

ny sinf; = ng sin 6y

ny = 1, and ny = \/€g,Jia, = /€2, since the material is non-magnetic. Also, 7o = +/ o/ €0€2r,
SO

po A7 x 1077
cons  8.854 x 1012 x 2002

€op = = 3.548

and thus
Ng = /€2y = V 3.548 = 1.884

Now from Snell’s law we get

1
0, = sin~* (Z—; sin 91) = gin~! (1.884 sin 450) = 22.04°

(3) The reflection coefficient for parallel light is




_ m1cos 0 — my cos 0

= 71 cos By + my cos 6;
and n; = 3772, and 1, = 2002, so we get

377 cos 45° — 200 cos 22.04°

= 377 cos 22.04° + 200 cos 45°
so 16.54% of the electric field is reflected.

(4) We know that Z3 = ns3, so z3 = 1. Next, Z5(0) = Z5(0), so

T — 0.1654

U] 150
0 = — = — = 3
2(0) 77223 50
Next we rotate and read z5(—dy) = 0.45 + 0.60;5. Then,
2 50 .
21(0) m 2( 2) 20022( 2) 0.10540 5]

That point is also the reflection coefficient in medium 1 at the 1-2 interface. Reading it off
it looks roughly like

I'1(0) = 0.8¢716%°
The Smith chart is included below
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(5) We know that for non-conducting, non-magnetic materials, n = /¢, so €, = n*. The

Brewster angle is given by
[2
tanfp = /% = n_g
617» nl
n? 1.82
fp =tan™" [ —= =tan" '/ —— = 56.31°
B an n% an 122

The critical angle for total internal reflection is the incidence angle which gives a transmission
angle of 90°, so if we assume 6; = 90°, we write

SO

N9 sin 6, = ny sin 90°



