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1. (a) a point charge ¢ is at a distance d above an infinite grounded conducting plate. Find the induced surface

charge density o and total charge g, on the conducting plane. (5%)
(b) Similar to (a), a point charge g is at distance d above a semi-infinite dielectric region (z<0) with

dielectric constant &, =1+ y,. Find the induced surface charge density o, and total charge g, ,,,, at z=0

e g=27
interface. (10%) ( use image charge method, findV g=-¢, %K Qo = I J’ ordrdg
k Z |z=0 /=0 ¢=0
o,=P-n=P,=g,2,E, ‘ E,=E , +E, Eq’z = ¥Eq cosd E, :—f—”—
)

2. (2) An uncharged metal sphere of radius R is placed in a uniform electric field E = E,% . Find the potential V

(8%)

outside the sphere and the induced surface charge density o =—&, o
: r=R

(b) A dielectric sphere of homogenous linear material with relative dielectric constant &, =1+ %, is placed in an

uniform electric field E = E,Z . Find the potential V and electric field E inside the sphere. (7%)

(use separation of variable in spherical Coordinate. ¥ (r,8) = XiZo(4 i+ B ;%;)Pl (cos) with Legendre Polynomial

L+l

: ‘ A 0
P,(cos@) = 1, Py(cos8) = cosb, P, (cos8) = %(3C0529 -1), f_11 P ()P, (x)dx = f: Py(cos8)Py(cosf)sinfd0 = 2 ;| _p
21+1

(a) B.C () V=0atr=R (i) V =—E,rcos8,r>>R, oy lov,, 1 V5
or ro@ rsinf og

oV,
in p=R (iii)V =—Eyrcosd,r>>R, VVZQK;HQKJ; +8_K5,(or you
or ox oy 0z

' ov,
(®) B.C. (i) Vir=Vou at r=R (ii) &, a;"‘ = &,E,
can use iteration method)

3. A infinite-thin metal with sheet conductivity o (x)=0,8(x)is located at x=0. For a normal incident

plane wave propagating in x direction with E field polarized in y direction, find the transmission coefficient ¢
and reflection coefficient 7=? (use methods similar to the derivation of the transmission/reflection coefficient

of normal incident to an dielectric interface, except now there is a sheet current density

J,(x)=0,(x)E, (x)= 0,8 (x)E, (x) in jws,E,+0,6(x)E,=(VxH), == 85’ (10%)
x

4. Similar to previous problem, now place a perfect electric conductor (PEC) wall a distance d after the
infinite-thin metal. A plane wave in normal incident toward the metal and the PEC wall. Under what
condition (d=? and r=?), there will be no energy reflected (thus the incident wave is total absorbed by the
metal). (Use Fabry-Perot ray-optics method to derive the total reflection coefficient Ar =Ari+An+Ars* ... of -
the combined metal sheet (r,¢7) and PEC wall (r2,£2) (10%)
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5. Tonized gases with equal electron and ion densities are called plasmas. If, in-the plasma, the motion of the
ions and the collision between the electrons and the gas atoms and molecules are ignored.
(a) Prove that the equivalent permittivity of the plasma with an electron density N

wZ
£=¢g, 1—;)52’-] (F I'm),

2

where @, = (rad!5)is the plasma frequency, @ is the angular frequency of electromagnetic

ms,

waves, m is the electron mass and &, is the permittivity of free space.

(Hint: You can regard the plasma as a free electron gas and assume a time-harmonic electric field E in the
x-direction at angular frequency @ , and then write down the force equation for an electron with charge -e

and mass m.) (15%)

(b) Discuss the wave propagation for the cases of ®>w,and @<, respectively. (5%)

6. You are fishing near a 1arge lake in the afternoon. The reflection from the sun makes it hard for you to look
into the water. You have a linear polarizer. What can you do? Explain the physics behind your answer. Please

describe it in terms of the orientation of the transmission axis. (10%)

7. Consider o=2mc/h and k=27n/ho. In a dispersive medium, find that the expression of the group velocity is
as follows: (10%)

C .

V,=—————

& an

n—’(—>)

3. A hollow rectangular waveguide is used to transmit signals at a carrier frequency of 6 GHz. Design the
waveguide so that the cut-off frequency of the dominant TE mode is lower than the carrier by 25% and the

next mode is at least 25% higher than the carrier frequency? (10%)




