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1. (2) (5%) Find the capacitance per unit length of two coaxial metal cylindrical tubes
ofradii a and b. (a < b)
(b) (10%) Find the electric field in the whole space, produced by a uniformly
polanzed sphere of radius R, assume that the polarization is P = PZ. [Hint: the

potential produced by a surface charge density o, cos 0 on a sphere of radius R is
Op

—7rcosf, forr <R
: 3€g
givenby V(r,0) =4 _ . ]
~—cosf, forr =R
350?"

2. Two infinite long wires running parallel to the x axis carry
uniform charge density +4 and - A, and are separated by a
distance 2a.

(a) (5%) Find the potential V' at any point (x,y, z).
(b) (10%) Show that the equipotential surfaces are circular
cylinders. Locate the axis y, and radius R of the cylinder

corresponding to a given potential V, .

3. (10%) A sphere shell of radius R, carrying a uniform surface charge o, is spinning
at angular velocity @ = wZ. Calculate the magnetic field B inside and outside the
sphere, given the vector potential produced at any point r to be

HoRo

(wXxr), (r<R)
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4. (a) (10%) A coaxial cable consists of two very long cylindrical tubes of radii a and

b (assumed a < b), separated by linear insulating material of magnetic
susceptibility x,,. A current [ flows down the inner conductor and returns along
the outer one. In each tube, the current distributes itself uniformly over the surface.
Calculate the magnetization M, the volume bound current density ]y, the surface
bound current density K, and the magnetic field B in the region between the
tubes.

(b) (10%) A sphere of linear magnetic material of susceptibility x,, is placed in a
uniform magnetic field B,. Find the resulting magnetic field inside the sphere.
[Hint: the magnetic field setup by a magnetization M within a sphere is

| 2
B = ;I—loM]

5. (15%) The complex wave number of an electromagnetic wave in materials satisfies

the relation k? = pew? + ipcw.
(a) Show that the skin depth 1n a poor conductor is (%) J%

(b) Find the skin depth 1n water (For water, the permittivity € = 80¢,, the
permeability 4 = y,, the conductivity o = 5 x 1073S/m).

(c) Show that the skin depth 1n a good conductoris A/2m. (A is the wavelength.)
(d) Find the skin depth for a typical metal (¢ = 107S/m) in the visible range

(w =~ 101%/s) and € = €4, u = pp.

6. (10%) Consider the propagation of TE waves in a wave guide of rectangular shape

with height a and width b (assume a = b). The propagation wave vector in the
guide can be written as k' = k,® + k, 9 + kZ. What are the allowed values for k,

and k,? What is the cutoff frequency wp,, for each TE mode? Show that the

phase velocity of the wave v = w/k down the wave guide is greater than light
speed c. Find the group velocity v,.

7. (15%) A particle of mass m and charge g is attached to a msmx}mgm

spring with force constant k, hanging from the ceiling (see
figure). Its equilibrium position is a distance h above the
floor. It is pulled down a distance d below equilibrium and
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released at t = (. Let ¢ be the light speed, A be the wavelength of radiation and
w = k/m.

(a) Under the assumption d € A < h, calculate the intensity of the radiation
hitting the floor as a function of R from the point directly below g. [Hint: The
average energy radiated by an oscillating electric dipole Py = qd is given by the

uoPgw“’) sin? @ P ]
32méc '

(b) Calculate the average total radiation energy per unit time striking the floor of

Poynting vector (S) = (

r2

a-—1
infinite extent. [Hint: Integral: fom (x: a+b X = Fr(?::g;)]

(c) Because it 1s losing energy in form of radiation, the amplitude of the oscillation
gradually decreases. How long will the amplitude be reduced to d - exp(—1)?

s g ) e A

1077
367

Vacuum permittivity €5 = F/m

Vacuum permeability pyy = 47 X 1077 H/m

Light speed in vacuum ¢ = 3 X 10® m/s

Maxwell’s equations:

V-E==2 V-D = p;
VXE=—2 VXE= -2
V-B=0 VlB:OaD
VXB=#0]+#050%'E vxHR=lr+53
(1n general) (In matter)

Auxihary fields: D = €3E + P, H=HLB—M
0

Linear media: P = €3y, E, D =€E, M=y, H, H=-B

Potentials: E = —-VV — Z—':, B=VXA
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Vector derivatives:
Spherical: dl = drf + rd00 + rsin0d¢pd, dV = r?sin8dr dé do
ot 10t . 1 oJt .

V=Tt 798 T rsmo o

- 10(r*n) 1 d(sin@ vy) 1 dvg

V.V“rz or +rsin9 00 +rsin9-£
1 |d(sin® 0
vxy= L [0sinOve) Ovel. 1[ 1 0 0(rve)],
rsin@ a6 dd r|sin@ d¢ or
110(rvg) 0v.Y -
+;[ or 90 P

V2t_1a(rzat)+ 1 6(_ 96t)+ 1 3%t
“r2or\ or)  r2sin60@\’ " " 08/ rZsin? 0 dg*

Cylindrical: dl = dr? + rd68 +dz2, dV =rdrdfdz
at  1dt. ot

Vt=§?f+;"a—69+a—zz

~10d(rv.) 10dvy  Ov,

VV=ETTor trae T oz
1dv, Ovg). [Ov, O0v,]1. 1[0(vg) dv.7._
va“[?'é'a“'é? r+[az -~ or 9+}7[ or aa]z
Vzt—l a( Bt) 1 0%t 0%t
~ror\ or +r2662+622



