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1.

(25 %) As shown in the figure below, a spherical cavity of radius a is located inside a

spherical conducting sphere of radius b. The distance between the centers of the two
spheres is ¢. A point charge Q is located inside the cavity at a distance d to the center of

the cavity. Determine the following.
(a) (5%) The total charge Q_on the inner surface of the conducting sphere.

(b) (5%) The surface charge p_ (9)

on the inner surface of the conducting sphere.

(c) (5%) The total charge (), on the outer surface of the conducting sphere.

(d) (5%) The surface charge p,, (¢

)on the outer surface of the conducting sphere.

(e) (5%) Let the origin be at the center of the conducting sphere and the voltage at

infinity be zero, please find out the voltage on the outer surface of the conducting

sphere.

(10%) A pie-shape conducting tube extending infinitely in z-direction as shown in the
figure below. The internal region of the tube is defined by 0 < $<@gy, 0<r<b.The

voltage on the tube wall in equation form is as follow,

V(0<r<b, ¢=0)=0
VO<r<bp=¢)=0.
Vir=00<p<p,)=¥,

Find ¥(r,¢)inside the tube.
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3. (10%) An air coaxial transmission line has a solid conductor of radius “a” and a very thin
outer conductor of inner radius “b”. (as shown in figure below) Determine the
inductance per unit length of the line.

4. (20%) Maxwell’s equations,
(@) (5%) Write down the complete Maxwell’s equations
(b) (5%) Please point out and show that which equation include the “continuity
equation”.
(¢} (10%) Please show that under certain “gauge” selection, we can solve these
equation using scalar potential ¢ and vector potential A and, write down the

non-homogeneous wave equation for vector and scalar potential

5. (20%) A 20Hz ELF (extremely low frequency) linearly polarized plane wave propagates
into the sea water at z-direction (Figure). The propagation constant y of the TEM wave

in a lossy medium (p, g, 0)is y =a + jf = jw |u (s + ;‘_7&_))

(a) (10%) Determine the attenuation constant (a), phase constant {B), and skin depth
(6)

(b) (5%) Determine the phase velocity and group velocity of the plane wave in the
seawater

(c) (5%) If the submarine is located 100 m below the seawater surface, determine how
many db decay of the EM wave power received by the submarine. (Compare with EM wave
power just below the surface) (Power-ratio(db)=20log(power ratio)

; EM plane wave 20Hz
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6. (10%) For a “Rectangular” wave guide,

, 2 2

(@) (5%) with ¥y = jB =j [w2ue - (?) - (n—;-t) » What’s the cutoff frequency of
TMmn mode?

(b) (5%) A square (width = height) waveguide is filled with dielectric of refractive index

n=2.0. Please design the width range (from cm to cm) of the wave guide which

required the guiding wave frequency = 12GHz, and allows TMy; propagate with 10% safety
factor (f > 1.1f) but also that f is at least 10% below the fc of the next order TM mode.

7. For transmission line: g

(a) (2%) Briefly plot and write the name of three typical types of transmission line.

(b) (3%) Give at least “one” application example of the three type transmission line, and
which one can confining the E-H field in the dielectric the most?

Constant Symbol Value
Velocity of light c ~3 x 10% (m/s)

e s 1 _
Permittivity €5 ~3en < 10~°% (F/m)
Permeability Lo 47 x 1077 (H/m)
Intrinsic impedance Mo ~ 120% or 377 ()




