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1. (15%)

A capacitor consists of two concentric conducting spherical shells. The inner sphere, of radius
Ry, has charge Q. The charge on the outer shell of radius R; is Q,. Determine (1) the potential
of the inner sphere; (5%)(2) the potential of the outer sphere; (5%) (3) the capacitance of this
capacitor. (5%)

2. (20%)

A voltage V is applied across a parallel-plate capacitor of area S. The space between the
conductive plates is filled with two different lossy dielectrics of thicknesses d; and da,
permittivities £, and ¢,, and conductivities o, and o,, respectively. Determine (1) the
current density between the plates, (6%) (2) the electric field intensities in both dielectrics,
(7%) and (3) the surface charge at the interfaces. (7%)

3. (30%)

(1) Write down the Maxwell’s equations. Clearly explain the symbols you use. (10%)

(2) Show that the following equation (Poynting’s theorem) holds in a medium with
permittivity &, permeability x, and the conductivity o :

— 0 1 1
—qP-ds =— |(=eE* +—uH*)dv + |oE’dv
Jpets =5, Jg BT v guthar |
where P denotes the Poynting vector. What is the physical meaning of this equation? (10%)

(3) Find the Poynting vector on the surface of a long, straight conducting wire (of radius b and
conductivity o) that carries a direct current /. Verify Poynting’s theorem in this case. (10%)
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4. (15%)
It is known that the electric field intensity of a spherical wave in free space is

E, .
E =é,—sinfcos(wt — kr),
r

where r and @, etc., denote the spherical coordinates. Determine the magnetic field intensity

H.

5. (20%) ,

As in the following figure, an electromagnetic wave is propagating in the TE mode in the
rectangular waveguide. The walls of the waveguide are conducting and the inside is vacuum.
(1) What is the cutoff frequency in this mode? (You must explain how you get the answer.)
(12%)

(2) If the inside is filled with a material with permittivity &, how does the cutoff frequency
change? (8%)
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