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1. (25 %) As shown in the figure below, a spherical cavity of radius o is located msme a

spherical conducting sphere of radius b, The distance between the centers of the two
spheres is ¢, & point charge @ is located inside the cavity at a distance d to the center of
the cavity. Determine the following.

(a} [5%) The total charge (), on the inner surface of the conducting sphere,

(b} (5%) The surface charge o [E‘}c:n the inner surface of the conducting sphere.

(¢} (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 it the center of the conducting sphere and the voltage at
infinity be zero, please find out the voltaée on the outer surface of the conducting
sphere.

2. [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 < ¢ < ¢,, 0<r <h. The !

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

(VO <r<b, ¢=0)=
0<r<bg=d)=0. .
I*’(r =60y < q.?u:] =, .

Find V {r,-;-‘?}insidt* 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 canductor of inner radius “h" (as shown in figure below) Determine the
inductance per unit length of the line.

4. (20%) Maxwell's equations
{al [5%) Write down the complete Maxwell's equations
{b) (5%) Please point out and show that which equation include the “continuity
equation”.
(c] (10%) Please show that under certain “gauge” selection, we can sclve these

equation using scalar potential ¢» and vector potential A and, write down the
non-homegeneous wave equation for vector and scalar potential

S, (20%) A 20Hz FLF {extremely low frequency) linearly polarized plane wave propagates
into the sea water at z-d rection (Figure). The propagation constant y of the TEM wave

. , . : - ’ o
in a lossy medium (p, g, 0)is y = a +jf = erq\‘fp'. LE + :;)

{a) (10%) Determine the attenuation constant (o), phase constant (B, and skin depth
(8)

(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

z=0
F Seawater
u=1
£=12
ao=4
submarine
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6. (10%) For a "Rectangular” wave guide,

(a) (5%) with vy =j§ = jq‘!{mz#s - (nl_—rr)? - Gbi)? What's the cutoff frequency of
Ty mode?

(b) [5%) A square (width = height} waveguide is filled with dielectric of refractive index
n=2.0. Please design the width range (from ___ cmto ____ cm) of the wave guide which
required the guiding wave frequency = 12GHz, and allows TMq, propagate with 10% safety
factor (f = 1.1f.) but also that fis at least 10% below the f. of the next order TM made,

7. For transmission line:
{ {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 [-H field in the dielectric the most?

Constant ' Symbol Value
Velocity of light ¢ ~3 % 108 {m/s)
Permittivit ¢ o~ w 1072 (1F/m

Lt ¥ i 363‘3 1-. / }
Permeability L dar » 107 7 {H/m)

[ntrinsic impedance o e 1 207 or 377 (£2)




