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1. Briefly answer the following questions:
(a) A metal sphere of radius R, carrying charge q, is surrounded by a thick concentric
metal shell (inner radius a, outer radius b), as shown in the figure. The shell caries no
net charge. Assume the potential of the shell is V, and the electric field between the
sphere and the shell is E . How would the field E and the potentlal V change if an
electron were brought near the shell? (5%)

(b) Two spherical cavities, of radii a and b, are hollowed out from the interior of a
(neutral) conducting sphere of radius R, as shown in the figure. At the center of each
cavity a point charge is placed - call these charges q, and qgp. A third charge . isata
distance r from the center of the conductor, where r >> R. What is the force on qa, qp,
and q.? (5%)

(¢) A parallel-plate capacitor connected to a battery stores twice as much charge with a
given dielectric as it does with air as dielectric. What is the susceptibility of the
dielectric? (5%)

(d) A magnet is moving through a plastic ring. Is an emf induced in the plastic ring?
(5%)

2. Given that E, = 67 —15] +8k (V/m) in the region 1 as shown in the figure.
(a) Find the polarizationl’_s1 in the region 1.  (5%)

(b) Determine E’z in the region 2, and find the angle E; makes with the y-axis. (10%)
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3. Acurrent I flows down a long straight wire of radius R. The wire is made of linear
material with susceptibility y,, , and the current is distributed uniformly.

(a) What is the magnetic field B a distance r from the axis? (10%)
(b) Find all the bound currents. (10%)

4. A cylindrical thin shell with surface charge density o has length L and radius R, where L
>> R. The shell rotates about its axis with an angular velocity @ which increases slowly
with time as @ = cf, where c is a constant, as shown in the figure. Neglect the fringing

effects. Determine: 'L ll.
(a) the magnetic field Binside the cylinder, (7%) R {] ai . j
(b) the electric field E inside the cylinder. (8%) w S

5. An electromagnetic wave from an underwater source with perpendicular polarization is
incident on a water-air interface at 0; = 20°. Using &, = 81 and p, = 1 for fresh water.

(a) Will the wave transmit into the air? (7%)
(b) Find the reflection coefficientI’, . (8%)

6. An air coaxial transmission line has a solid inner conductor of radius a and a thin outer

conductor of inner radius b. Determine the inductance per unit length of the line. (15%)

® In cylindrical coordinates (7,4, z) ,the curl of a vector Ais:
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