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Part A: choose the correct answer (50%, HEfEREE ZEEIH B’\§$’I"%J: 3F§$_E‘J:)

(1) In free space (permittivity: 8.85x10'2 F/m), two point charges of Q;= 0.5 mC and Q2= 2 pC are
respectively located at (x,y,z) = (1,2,0) and (8,7,V7) in rectangular (Cartesian) coordinate system, what
is the y component of the force acting on Q2? (A) 5 x102 newtons (B) 5 newtons (C) 0.5 newtons (D) 5
x1073 newtons (E) 5 x10* newtons. (5%)

(2) For the above question, what is the magnitude of the force experienced by Q1? (A) 0.9 newtons (B) 9
x102 newtons (C) 9 newtons (D) 9 x10°3 newtons (E) 9 x10™* newtons. (5%)

(3) A straight wire carrying a current I in the z direction is located along the z axis in free space. If the wire
is infinitely long and infinitely thin, what is the magnetic field intensity at the point (0.5L, 0, 0) in
rectangular coordinate system? (A) I/zL (B) 2I/aL (C) I/2zL (D) I/4nL (E) I/3nL. (5%)

(4) In a perfect dielectric medium with the permeability of y, there exists an electric field given as E =
Eocos(mt-kz) ax, where Eo is the peak value, o is the frequency, k is a constant, and ax is the unit vector

in x direction. What is the x component of the magnetic field in the region? (A)Mcos(w t-kz)(B)0
OH
E, Ek
(C) —cos(wt—kz) (D) ——cos(wt - kz) (E) None of the above. (5%)
oy oy

(5) For an infinite plane carrying uniform surface charge density ps in rectangular coordinate system, what
is the magnitude of the electric field intensity at any point on the z axis? (A) 2ps/eo (B) 4ps/eo (C) 0 (D)
ps'€o (E) ps/2¢0. (g0: the permittivity in free space) (5%)

(6) On a metallic sphere of radius R = 30 cm in free space (permittivity: 8.85x10°'2 F/m), charge Q =1 uC is
uniformly distributed over the surface. What is the electric field just above the surface of the sphere? (A)
1 V/em (B) 10 V/em (C) 100 V/em (D) 1000 V/em (E) 10000 V/em. (5%)

(7) Two metallic plates are separated by a distance d, and the medium between the plates is homogeneous
and has finite conductivity . If the two plates are of the cross-sectional area A and infinite conductivity,
what is the resistance of the region between the plates when a potential difference V is applied to the
two plates? (A) 2d/6A (B) V/d (C) V/ed (D) 6V/Ad (E) None of the above. (5%) ot F

(8) As shown in the figure, a current density vector ] is passing "1 '
- through an interface between two regions of the conductivities o1 91:
and o;. If region 1 has the dielectric constant of 2 and the Region 1: 0, X
conductivity 61 = 40 uS/m; region 2 has the dielectric constant of |

5 and the conductivity o2 =50 nS/m; iz has a magnitude of 2 Region 2: o, EDGZ\
t

A/m? and 0, = 60°, what is J;? (A) 1385.6 A/m? (B) 1.732 A/m?
(C) 1 A/m? (D) 1853.7 A/m? (E) 1.237 A/m?. (5%)

(9) For the above question, what is 0:? (A) 39.96° (B) 89.96° (C) 49.96° (D) 59.96° (E) 69.96°. (5%)

(10) Repeating question (8), what is the surface charge density at the interface? (A) -0.68 mC/m? (B) -0.78
mC/m? (C) -0.88 mC/m? (D) -0.98 mC/m? (E) -0.58 mC/m?. (5%)
| 8. % @A A4
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Part B: give the answers in detail (50%):

1. (10%) What are Coulomb and Lorenz gauges? Please check the following two cases, which of them are in
Coulomb and/or Lorenz gauges.
(a)V =3t, A= A,sin(kx—ot)j ; where k and Ay are constants. (5%)

OV (F,0)=0, AF1)=- q! -7, where g and & are constants. (5%)
- 4mg,r »

2. (10%) You get an extremely thin quarter waveplate, made by a crystal (extraordinary refractive index n. =
1.671, ordinary refractive index n, = 1.521, optical axis along x axis), for light with wavelength of 600 nm,
as shown in Figure 1. (a) Plot the relative direction of the optical axis and the polarization of the light to
obtain a circularly polarized light. (4%) (b) Calculate the smallest thickness of the crystal. (6%)

(3) (10%) Please explain what the Poynting vector is. Calculate the power transported down the cable shown
in Figure 2, using Poynting vector. These two conductors are held at potential difference V" and carry current
I (down one and back up the other). :

(4) (20%) Suppose we have a wave guide of rectangular shape with height ¢ and width b (a=b), and we are
interested in the propagation of TM waves. [Figure 3]
(a) What is a TM wave? Please give the boundary condition, and explain it brleﬂy (4%)
(b) Find the fields, Bx«(x,y), By(X,y) and B(X,y). Please give your derivation process. (8%)
(¢) Explain the limitation of m and # in TMmx, where m and » mean the factors of integer for the wave number
along x and y directions (4 and &;). (4%)
(d) Derive the cut-off frequency, and explain its physical meaning in detail. (4%)

The components of EM wave in waveguides for Ex, E;, Bx, and By, as well as the uncoupled equations.

E = i ( 0F, 6Bz) £ - i ( 0E, 6Bz>
* T (wfc)? — ox ¢ ay Y = (wjo)? — 3y 5%
B. = [ ( 0B, w BEZ) B = [ ( 6Bz+ w aEz)
¥ (w/e)? - ox c? dy Y (w/c)? — dy | ¢Z ox

9% 3% w2 E
J— - — _ 1,2 zZ _ -
[axz + 3y + (c) k ]Bz 7 0, uncoupled equations

where w, ¢, and k& are angular frequency, light velocity, and wave number, respectively.

x: optical axis

Linearly
polarized
A light
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