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ErEEE: permittivity & = 33%7—; F/m
permeability Uo = 4m x 1077 H/m
light speed c=3x%x10% m/s
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1. (15%) Consider a point charge q situated a distance a from the center of a
-grounded conducting sphere of radius R (a > R). This electrostatic problem can be
solved by the method of images. , | \
(2) Find the charge q' of the mirror image and the distance b of the image to the

center of the sphere.
(b) Find the induced surface charge distribution o(6) on the sphere.
(c) Calculate the force acting on the charge q.

2. (15%) Suppose-the entire. region ,beldw.the plane z = 0_is filled with uniform
dielectric material of susceptibility y,. A point charge g is placed at a distance d
above the region. |

(a) Find the bound charge distribution o}, on the
surface -

(b) Calculate the total bound charge g, on the
surface. ’

(cj Calc{llate the force acting on the charge q.

-t
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3. (15%
(15%) 4B

(a) Find the magnetic field B a distance z above the
center of a circular loop of radius r, which carries a
steady current I.

(b) ‘Calculate the magnetic field B at the center of a uniformly charged spherical
shell of radius R and total charge Q, spinning at a constant angular velocity w.

Zi
Rsinb

raesalsenery,

4

(c) Two infinite straight line charge A, a distance d apart, move along at a constant
spsed v. How great would v have to be in order for the magnetic attraction to

balance the electrical repulsion?

A Y

A
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4. (15%)
(a) A long cylinder of radius R carries a magnpetization M = 2r2¢ where 7 is the
distance from the axis and ¢ is the azimuthal unit vector. Find the magnetic field B

due to M for points inside and outside the cylinder.

. e . ' Wy . =~
Formula: Curl in cylindrical coordinates: VX v = E% - -51129] r-+ [%% - %1;-5] ¢ +

e,

or do

(b) A long copper rod of radius R carries a uniformly distributed (free) current I.
Find H inside and outside the rod. ’
(c) An infinite solenoid (n turns per unit length, current I) is filled with linear
material of susceptibility x,,. Find the magnetic field B inside and outside the
solenoid. ‘

5. (15%)

(a) A metal disk of radius a rotates with angular velocity w
about a vertical axis, through a uniform magnetic field B,
pointing up. A circuit is made by connecting one end of a
resistor to the axle and the other end to a sliding contact, which
touches the outer edge of the disk. Find the current in the
resistor.

(b) A metal bar of mass m slides frictionlessly on two parallel conducting rails a
distance £ apart. A resistor R is connected across the rails and a uniform magnetic
field B, pointing into the page, fills the entire region. If the bar starts out with speed
vy at t = 0, and is left to slide. Find the displacing distance as the bar stops sliding.

v

\

RZ

.
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(c) Find the self-inductance of a toroidal coil with rectangular cross section (inner
radius a, outer radius b, height 4), that carries a total of N turns.

Axis -

6. (15%) The wave equations for E and B in conductors can be written as V2E =

E+ya -E, V2B = pe 2 B+,ua—B

ue atz 3tz

(a) Find the complex wave number k = k, + ik, in terms of €, g, o, and w for
complex plane-wave solutions for E and B.

(b) Find the skin depth § of the electromagnetic wave in poor (¢ < we€) and good
(o >» we) conductors, respectively. Does the skin depth depend on the angular
frequency w in the two cases?

~ (c) Show that in a conductor, the time-averaged magnetic energy density (ug) of an
electromagnetic plane \wave is always larger than the time-averaged electric energy
density (ug). |

7. (10%) Consider a rectangular wave guide with dimension 2.5cm X 1.5cm.

(a) What TE modes will propagate in this wave guide if the driving frequency is
1.5 x 10*%Hz.

(b\) Suppose you wanted to excite only one TE mode. What range of frequencies

should you use? What are the corresponding wavelengths (in open space)?




