
Problem 1: (35 Points)

A 3 GHz right-hand circularly polarized wave with an
average power density of I W/m2 is propagating in
medium 1 along the z direction. The wave is normally
incident at the boundary of air with a dielectric medium
with thickness d = 25 mm and dielectric parameters:
er = 4.0, 0=0, = 1
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Write the phasor and time-domain expressions for the overall electric field and magnetic
field in medium 1.

Determine the polarization of the wave reflected to medium 1.

Determine the polarization of the wave transmitted to medium 3.

Determine the average power density of the portion of the wave that is transmitted to
medium 3.

Determine the polarization of the transmitted wave to medium 3, if the dielectric has a non-
zero conductivity = l, er = 4.0, 0.
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Problem 2: (35 Points)

a) Design a hollow metallic rectangular waveguide with waveguide cross-section dimensions (a
= 2b) which is single-mode with a wave impedance of 500 Q at 1 GHz.

b) Determine group velocity, phase velocity, propagation constant and wavelength of a 1 GHz
wave propagating inside the waveguide you designed.

c) What are the possible propagation modes at 2 GHz for the waveguide you designed?
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Problem 3: (30 Points)

A 300 GHz, TE-polarized electromagnetic wave with average power density of 1 W/m2 is
incident at the boundary of a silicon wafer at 450 incident angle. (psi = A, er_Si=11.8,

O.01S/m)

a) Determine the propagation constant, attenuation constant, intrinsic impedance, and phase
velocity of the wave in silicon.

b) Write the phasor expressions for electric field and magnetic fields of the incident and
reflected waves in the air and transmitted wave into silicon (you can choose arbitrary
coordinates for your solution).

c) Determine the average power density and polarization of the transmitted wave into silicon
substrate.
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