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Department of Electrical Engineering and Computer Science

6.632 Electromagnetic Wave Theory
Quiz No. 1

Problem 1(40%)

Consider a plane wave incident on a planar boundary at x = 0 from a dielectric
medium with € = 9¢, as shown in the Fig. 1. The right-hand circularly polarized incident
electric field is

E,=E, [23} sin(kox + ko2 — wt) + (V32 — &) cos(kpx + ko2 — wt)]

where Ej is a real constant. The reflected field is

E, = Eg[RTP2psin(—k,x + k.2 — wt) + R™ (/32 — &) cos(—kpx + k.2 — wt)]
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(a) Show that the incident angle is 30°.

(b) For k, =1 m™!, find the frequency (in Hz) and the wavelength (in m) in region 1.

(c) Find the value of ¢ (0 < €/¢, < oo) for which the incident angle is equal to the
critical angle.

(d) In the case of ¢ = 3¢, , find the polarization of the reflected field.

Problem 2(40%)
Consider a circularly polarized electromagnetic wave normally incident upon a slab as
shown in Fig. 2. The incident electric field is expressed by

E; = E i cos (kyy — wt) + aE,z cos (kyy — wt + ) .

In this problem, neglect the reflection of the slab.



I

A

=

£y
VAR

—] 4 v
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(a) Let the incident wave be left-hand circularly polarized and assume that both « and

(8 are positive, what is « and what is §7
(b) Let the slab be a uniaxial medium with the permittivity tensor
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where €, = €, = 4¢,, €, = 9¢, and the permeability p = p, . Inside the uniaxial slab,
what is the wave number £, for the Z-polarized electric wave in terms of the wave

number in free space k,, where k, = w,/1,€, 7

(c¢) For the uniaxial slab as in Part (b), let the incident wave be left-hand circularly po-
larized, what is the minimum thickness d in terms of the wavelength in free space
Ao, Where A\, = 27 /k, = 27 /wm , such that the output electric field is right-hand

circularly polarized?

Problem 3(20%)
Consider a rectangular waveguide with dimensions 1cm x 0.5cm.

(a) What are the cutoff frequencies for the first five modes?
(b) If the waveguide is excited at 20 GHz, what are the propagation modes? What are the
corresponding propagation constants k, 7



