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1. -A spherical shell has @ and b as inner and outer radii, respectively. If polarization vector P =4rd, C/m?
in spherical coordinate system, defermine (&) the total bound charge on the inner surface, (b) the total
bound charge on the outer surface, (c) the total bound volume charge, (d) the electric field everywhere.

2. A spherical capacitor has inner radius a and outer radius b and is filled with an inhomogeneous dielectric
with &£=g4k/ #? . Find the capacitance of the capacitor.

3. A point charge of 10 4C is located at (1, 1, 1) in a rectangular coordinate system, and the positive portions

of the coordinate planes occupied by three mutually perpendicular plane conductors maintained at zero

potential. Find the force on the charge due to the conductors.
4, For a magnetic vector potential in free space,
A =(2x2y+ yz)&, +(xyz —xz’)&y—(ﬁxyz—z:c’yz)&, Whim
Find the magnetic flux through a loop described by x=10<y<2,0<z<2.

5. A conducting rod moves with a constant velocity of 34. m/s parallel to a long straight wire carrying a

current of 15 A as in the figure. Calculate the emf induced in the rod and state which end is at the higher

potential.

! 40em

20 em
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6. The magnetic field phasor of an electromagnetic wave in air is given by H(y)=4,1.83x10% ¢~ A-m™

(a) Find the angular frequency @ of the wave such that H satisfies all of Maxwell’s equations. (b)
Find the corresponding time-harmonic electric field E. (c) Find the electric flux density D and the

displacement-current density J,.

7. Consider a ground-to-air communication system as shown in the figure. The receiver antenna is on an
aircraft over a huge lake circling at a horizontal distance of ~10 km from the transmitted antenna as it
waits for a landing time. The transmitted antenna is located at the shore mounted on top of a 100-m tower
above the lake surface overlooking the lake and transmitted a parallel-polarized (with respect to the plane
of incident) signal. The pilot of the aircraft experiences noise (sometimes called ghosting effect) in his
receiver due to the destructive interference between direct wave and the ground-reflected wave and needs

to adjust his altitude to minimize this interference. Assuming the lake to be flat and lossless withe, =80,

find the critical height of the aircraft for the pilot in order to achieve clear transmission between the

transmitter and the receiver,

i V%

Transmitter
N g

Direct wave

\ _,T“S'if

Ground-reflected wave

8. A parallel-plate waveguide with a plate separation of 2 em is to be used to connect a 12-GHz microwave
transmitter to an antenna. Find all the propagation modes if the waveguide is filled with polyethylene

(assume it is lossless, with &, =225, u =1).
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wave having the electriclﬁeld
E=E,cos 4z x10°t cos 7 x10°13,

at z = 0 normally incident on the interface from medium 1.

Medium 1 Medium 2
o, & Hy dg,

z=0 Cz=

10, At the far field, an antenna produces a time-e-wcrage power as

b

2sin@
=wW}m2, 0<B<m,0<p<nm/2
>

Calculate the directivity gain and the directivity of the antenna.

9. For the system shown below, find the lowest values of / for which no reflection occurs for a uniform plane

Medium 3

Hy &




