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1. (10%, $E#5RE) A point charge ¢ is located inside and at distance d from the center
of a grounded spherical conducting shell of radius a (where a > d). Use the method
of images to determine (a) the potential outside the shell; (b) the charge g, induced
on the inner surface of the shell.

(a)
(b)

2. (10%, 3EFERE) A solid cylinder (B /[, [ElfY) of radius @ carries a uniform charge
density p. The cylinder is rotated about its axis (the z-axis) with constant angular
frequency w. Findthe B field inside (r < a) and outside (r > a ) the cylinder.
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(A) E,=E,; (B) B,=B,; (C) D,=D,; (D) H,=H,; (E) B,=8, ~
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5. (20%, E1HRE) A conducting sphere of radius R is placed in an uniform electric
field E,=E,Z, where Z is the unit vector along the z-axis. After introducing the

sphere, find the electric potential V' (r,8) and electric field E(r,0)=EF +Eaé for

an observation point outside the sphere (r > R). (7 and 6 are the unit vectors
along the » and @ directions respectively.)
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6. (10%) A sealed plastic box contains an antenna that radiates electromagnetic waves.

How could you tell whether the antenna is an electric or a magnetic dipole?

7. (20%, True-False questions) For each correct answer you get 4 points, while for
each incorrect answer, you lose 4 points. You may leave one or more questions
unanswered, and in which case, you will neither gain nor lose points. Your total

score for this problem will not be less than zero. Please fill in “T” or “F” in each
box, or leave it blank as unanswered.

a. The Brewster angle exists only if & > ., for a wave incident in airon a
nonconducting magnetic medium.

b. An electromagnetic wave is totally reflected at the interface between two
media and the E field of the incident wave has components parallel and
normal to the plane of incidence. Under this circumstance, the reflected
wave must be elliptically polarized.

¢. The instantaneous Poynting vector of a circularly polarized plane wave
propagating in a lossless medium is a constant that is independent of time and
distance.

d. For TE wave, the dominant mode in rectangular waveguide is TE o, but for
TM wave the dominant mode is TMy;.

e. Waves along a lossy transmission line can be purely TEM.
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8. (Fill in the blanks) A TE wave propagating in a dielectric-filled waveguide of
unknown permittivity has dimensions @ = 5 cm and b =3 cm.  If the x-component of
its electric field is given by

E, = —36c0s(40nx) sin(100my)-sin(2.4nx10'% - 52.9nz)  (V/m).

Determine:
a. (5%) What mode propagates in this waveguide?
b. (5%) & of the material in the guide.
c. (5%) the cutoff frequency.
d. (5%) the expression for H,.
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