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** Show your derivations in details !!
Make clear all your assumptions/appreximations!!

l. A parallel plate capacitor consists of two metal plates and is filled with charges
of density p(x) = —pox(x—), where p,=10"" C/m’ and d = 2 mm, as shown in
Fig. 1. Find the electric field E(x), O<x<d. (15 %)

V=0V V=100V

Fig. 1 0 d B

2. A charge g is placed n front of a conducting comer (90°), as shown in Fig. 2.
(The conductor fills all the space except for the region x > 0 and y > 0.}
(a) Find the electric field (in terms of 4, x, y and g).
(b) Find the charge density distnbution on conductor surfaces.
(¢) Determine the force on g. (15 %)

conductor

Fig. 2
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3. An infinite long cylindrical solenoid of diameter D) = 20 ¢m and a winding 10 turns
per cm is filled with a magnetic material tube (i, = 1000) of inner diameter @ = 10
cm and outer diameter 20 ¢m, as shown in Fig. 3.

(a) Find the magnetic field B (direction and magnitude) everywhere if the current

pertum/f=1A,
(b) Inductance per cm of the solenoid.
(c) Magnetic energy per cm stored in the solenoid. (20 %)
4. (a) Explain the physical meaning of (20 %)

(1) phase velocity, and (ii) group velocity.

(b) An oscillating magnetic dipole m(r) = m, cos{w()i is located at the ori gin, as
shown in Fig. 4. Determine the directions of the electric field, magnetic field
and Poynting vector at points A, B and C, respectively.  Assuming the
distances from A, B and C to the origin are the same and is much larger than
c/ay, where ¢ is the speed of light and @ is radiation's angular frequency.

(d) In (b), plot the "radiation pattern” (polar plot of power density distribution) on

xy-plane and yz-plane.

il
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Fig. 4 x
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5. A capacitor formed by two large parallel conductor is partly filled with two
dielectrics of dielectric constant €. =10 and 4, respectively, as shown in Fig. 5.
(a) Find the capacitance.

{b) Find the charge density on the top plate if a DC voltage of /00 V is applied on
the bottom plate
(c) Find the force per unit area on the top conductor (grounded). (135 %)

=4
I mm | Fig. 5

6. Consider a rectangular waveguide made of perfect conductor and filled with a
dielectric €, = 4, as shown in the Fig. 6, (15 %)

AR > .
147 a X Fig. 6

(a) What is the waveguide mode with the lowest cutoff frequency? Qualitatively
plot its dispersion diagram (w - & relation). Find the cutoff frequency if
a=]0cm.
(b) Find the phase and group velocities at frequency 1 GHz.




