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1. Write down the Maxwell’s equation in matter for the electric fieid intensity vector

— —

E, the electric flux density vector D, the magnetic field intensity vector H, and the
magnetic flux density vector B in differential form and in integral form. (10%)

2. Find the capacitance per unit length C' of an
infinitely long conducting cylinder of radius a

situated at a distance d from a parallel conduction
plane. (10%)

3. A coaxial capacitor consists of two concentric, conducting cylindrical surfaces, one

of radius a and another of radius b, (a < b).The insulting layer separating the two
conducting surfaces 1s divided equally into two semi-cylindrical sections, one filled

with dielectric &4 and the other filled with dielectric ¢5. The length of the capacitor
1s €. Find the capacitance C of the capacitor. (10%)

4. A long cylindrical conductor whose axis is coincident with the z-axis has a radius a

and carries a current characterized by a current density | = Joe™%"2, where J, is a
constant and r 1s the radial distance from the cylinder’s axis. Obtain an expression

for the magnetic field H (r) for 0<r <a and r > a. (10%)

5. A rectangular loop 1s coplanar with a long, straight
wire 1n the air (see Figure). Determine the mutual

inductance. (10%)
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6. A parallel-plate capacitor 1s filled with a lossy dielectric material of relative

permittivity &, and conductivity ¢. The separation between the plates1s d and each
plate 1s of area A. The capacitor is connected to a time-varying voltage source
V(t) — VO sin wt .

(a) Obtain an expression for [I., the conducting current flowing between the plates
inside the capacitor. (3%)

(b) Obtained an expression for I;, the dispiacement current flowing inside the
capacitor. (3%)

(¢) Give an equivalent-circuit representation for the capacitor. (4%)

7. (a) A circular loop of radius a carries a steady current /. Determine the magnetic
field H at a point on the axis of the loop. (5%)

(b) Determine the magnetic field H atthe middle point O of a finite solenoid, given
that the solenoid 1s of length € and radius a, and comprises N turns carrying
current /. (3%)

8. In a nonmagnetic, lossy dielectric medium, a 250 MHz electromagnetic plane wave
is characterized by the magnetic field phasor H=(%—j52)e *e /% A/m. The
electric field phasor can be expressed by E = 7i(Z + j5&)e *Ye /% V/m. Determine

1. Here j = v—1. (10%)

Note: The time domain fields are related to the phasor vectors by E(x,y,z,t) =
Re{E(x,v,2)e/®t}, H(x,y,z,t) = Re{H(x,y,z)e/*t}.

9. A plane wave in the air (medium 1) with the electric field phasor

E. = 210e /3*+4Y) y/m is incident upon the planar surface of a dielectric material
with &. = 4 (medium 2, nonmagnetic), occupying the half-space x = 0.

Determine (a) the angle of incidence 8;, (b) the angular frequency w, (¢) the angle ot



XA B (K&5): Eaag (9803)
£ 3 Eo%_3_FE  wAE[E%E5) 4%

transmission 6,, (d) the time-domain expression for the transmitted electric field Et.

(10%)
: . . . : 27, Cos B
Hint: The Fresnel’s transmission coefficient 18 7, = — 212227 for normal
N> cOS B;+1m4 COS Ot
: : 21, €OS & : :
polarization and 7, = — 12t for parallel polarizaticn where 1, and n;

11 COS 8;+1, cOS B¢

are the intrinsic impedance of the medium 1 and 2, respectively.

10. The retarded time t, is the time at which a field actually begins to propagate

from a source point to an observer.

Consider a particle of charge g moving in a circle with the position given by
7,(t) = XR cos wt + YR sin wt.

(a) Calculate the retarded time t, (from the charge particle) to an observer situated at
a position 7 = Zz on the z-axis at time t. (4%)

(b) Calcuate the Lienard-Wiechert potentials on the z-axis, from the moving particle.
(67%)

Note: Lienard-Wiechert potentials are the electric and magnetic potentials at the
coordinate (7, t) generated by a moving point charge:

- _ 1 a gc = \_=§p(tr) - "’___-—zu -
V(r,t) = P WA A(r, t) ~ V(7,t) where & =71(t)—r1,(t,) and

¢ = |é? . U, (t,) is the particle velocity at the retarded time t,.

Constants (& %4 % 22)

e 1077
Vacuum permittivity €0 = 5o

F/m

Vacuum permeability o = 47 X 1077 H/m

Light speed in vacuum ¢, = 3 X 10° m/s



