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Time Allowed: 2 Hours

INSTRUCTIONS TO CANDIDATES
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. Please write your student number only. Do not write your name.

. 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 each question on a new page.

This is a CLOSED BOOK examination.

Only non-programmable calculators are permitted for this examination.

The last three pages contain a list of formulae.



1. (a) Show that the retarded scalar potential
1 ‘ot
‘/(’.,t)= /p(r I')d_cl
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satisfies the inhomogeneous wave equation
v 1
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where the symbols have their usual meanings.

(b) Given the following retarded vector potential,

& J(r,’ tr)dl_/
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show that the magnetic field is given by
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2. A charged parallel-plate capacitor is placed in a uniform magnetic field B =
B x. The electric field between the plates is uniform and is pointing along
the z direction.

z4

(a) Calculate the electromagnetic momentum in the space between the
plates.

(b) A resistive wire is connected between the plates, along the z axis, so
that the capacitor slowly discharges. The current through the wire will
experience a magnetic force. Calculate the total impulse delivered to
the system during the discharge.



3. (a) A moving baryon decays into a proton and a pion as shown below.
Find the rest mass, in MeV, of the baryon, given that the momentum of
the proton and the pion are 800-MeV/c and 200-MeV/c, respectively.
The rest masses of pion and proton are 140 MeV and 940 MeV.

(b) The star Capella is at a distance of 46 light-years from the Earth. Sup-
pose that an astronaut wants to travel from the Earth to Capella in a
time of no more than 20 years as reckoned by clocks aboard his space-
ship. At what speed would he have to travel? How long, in years,
would the trip take as reckoned by clocks on the Earth? Note that 1
light year is 9.461 x 10!5 m.

4. A perfect dielectric of permittivity ¢, = 5g9 F/m, permeability u, = uo
H/m, and thickness d = 10 mm is backed by a perfect conductor (where
E = B = 0). A plane wave of frequency f = 900 MHz is incident from

the left as shown:

- d

Ey
I €,
dielectric conductor

Z
air

€o,Ho z=0 z=d

(a) Assuming that the incident wave is known, calculate the ratio Eqr/Eo;
between the amplitudes of the reflected and incident waves at the in-
terface between free space and dielectric.

(b) Calculate the required (non-zero) thickness d for the reflection to be
maximum.

LHS
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