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INSTRUCTIONS TO CANDIDATES

1. Please write your student number only. Do net write your name.

2. This examination paper contains FOUR questions and comprises SIX printed
pages.

Answer ALL questions.

Each question carries equal marks.

. Answers to the questions are to be written in the answer books.
Please start cach question on a new page.

This is a CLOSED BOOK examination.
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Only non-programmable electronic scientific calculators are permitted for
this examination.

9. The last three pages contain a list of formulae.



(a) Find the charge and current distributions that would give rise to the
following potentials

uok (ot —|x|)2 %, for |x| <ct
V=0 4=
0, for |x| > ct

where k is a constant, and ¢ = 1/ ,/lo€p.

(b) Two equal but opposite point charges (of magnitude ¢) are separated
by a distance 2a. By integrating Maxwell’s stress tensor over a plane
equidistant from the two charges, determine the force of one charge
on the other.

(a) From the relativistic equation, F = dp/dt, show that

. m u(u-a)
B V1—u?/c? [a N c2—u2]

where m is the rest mass of the particle and @ = du/dt is the ordinary
acceleration.

(b) A plane wave travels in the z direction and is polarized with its E
vector in the x direction. Its average energy flux is 7 mW/m? and its
frequency is 100 MHz. Find the root mean square (rms) emf induced
in a wire loop of radius 10 cm located in the xz plane.



3. A rectangular wave guide of sides ¢ = 7.21 cm and b = 3.40 cm is used
in the transverse magnetic (TM) mode. It is oriented with its axis along the
z-axis. TM modes are modes in which the magnetic field is perpendicular
to the direction of propagation. Assume that the walls of the waveguide are
perfect conductors.

(a) Solve

ax?

subject to the following boundary conditions at the inner wall

EV'=0, Bt=0

92 92 5 2] =
[ +a—y-2-+(w/c) “"k]EOz(x,J’):O

where the symbols have their usual meaning. Hence, derive the dis-
persion relation (i.e., the relationship between w and the wavevector
k) for this waveguide.

(b) Show that the group velocity v, = 42 is given by

Vg =Cv 1- (wmn/w)z
where wp,, is the cutoff frequency for the mode.

(c) Determine whether TM radiation of angular frequency @ = 5.0 x
10'° rad s~ will propagate in this wave guide.

(d) Find the attenuation length, i.e., the distance over which the power
drops to e~! of its starting value, for a frequency w that is half the
lowest cutoff frequency.

4. An unstable particle has a rest mass m, and a lifetime fo when at rest. It
is observed to be in uniform motion with total energy E, in the laboratory
until it disintegrates into two particles, each of rest mass m < mq/2.

(a) Derive an expression for the average distance the parent particle trav-
elled in the laboratory before it disintegrates. Express your answer in
terms of Ey, ty, mg and ¢, where c is the speed of light in vacuum.

If B = 2.08 x 10711 3,19 = 2 x 1078 s and mo = 1.1 x 10728 kg,
what is the distance travelled (in m)?

(b) Derive an expression for the speed of each secondary particle in the
rest frame of the parent particle, in terms of m, mg and c.

Ifmg = 1.1 x 10728 kg and m = 3.67 x 10~2° kg, what is the speed
(in m/s)?

LHS
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