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Problem 1 (15)
Consider two concentric spherical shells as shown in the figure with the following 7
characteristics: The inner shell has a radius a, carries a total charge of +Q

distributed uniformly over its sirface. The outer shell has a radius b, carries a total

charge of —@* distributed uniformly over its surface. The region between the
shells is filled with a dielectric material of permittivity € for a <7 < (a+
b)/2, while the rest region for (a + b)/2 <r < b is in air. (a) Find the total

electrostatic potential energy stored in the system. (b) Find the polarized volume

charge density in the dielectric materiai and the polarized surface charge density
at r=a and ¥ = (a+ b)/2. (¢) Determine the electric field induced by the
polarized charges for a < 7 < b.

Probiem 2 (15)
For the parallel-plate capacitor given in the figure to the right-hand side,
suppose a charge density Y
x=d
_ . (Tx a
o = posin 35) £0: o)
is distributed between the plates. (a) Derive the expressions for the potential »=10

8 t...

and electric field in the capacitor. (b) Find the capacitance per unit area.

Problem 3 (20)

A current density = J,4, in a non-magnetic region is distributed such that f is a function of p for 0<p <1 in

the cylindrical coordinate system, while J, =0 for p > 1. Assume the magnetic vector potential is given by

A=th

(9]
7

p3§z for 0 < p < 1.(a) Find the magnetic energy stored within the volume definedby 0 <p =1, 0 < ¢ <

27 and 0 < z < 1. (b) Determine the magnetic vector potential in the region where p > 1.

Preblem 4 (15) )
In the setup shown in the figure, a current 7 is uniformly distributed in an infinitely long cylinder with radius g, flowing

in the positive x-direction. The axis of the cylinder is located at a distance /2 above an infinitely large, grounded conducting
plane in free space, where a <« h.(a) Find the expression for the magnetic field intensity H (x,v,7z) inthe region above
the grounded plane and external to the cylinder. (b) Find the total inductance per unit length. (c) Find the suiface current

density on the grounded plane.
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Problem 5 (20)

For the circuit loaded with 30 Q. and 6.367 #nH shown in the figure below, where Z; is the characteristic impedance of
the transmission line, determine (a) the reflection coefficient at load, (b) the standing wave ratio, (c) the input impedance
Zy, at the sending end of the transmission line, (d) the instantaneous voltage across the load, and (e) the time-average
power and the peak power over the load.
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Problem 6 (15)
Ina 5cmX 4 cm air-filled rectangular waveguide, the longitudinal field components of a propagation mode at z =10
are given by
E, = 200 sin(40mx) sin(257v) cos(207 x 10°t) V/m,and H, = 0,
where x and y are the spatial coordinates in the transverse directions.
() Identify the propagation mode and its cutoff frequency.
{b) Find the wavelength along the propagation direction.

(c) Find the wave impedance of the mode.

Some formula for your reference:
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