Electrodynamics Subject Exam Prep Quiz, Tuesday, May 2, 2017
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LONG ANSWER SECTION

1. A thin wire extends from z,y,z = (0,0, —a) to (0,0,a). The current on the wire is wave-like
I = Iycos(kz)coswot, k= m/2a.

(a) (5 pts) Find the charge density on the wire as a function of time
(b) (5 pts) What is the average power radiated by the wire
(c) (5 pts) What is the angular distribution of the radiated power?
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2. A square wave guide has transverse dimensions 0 < z < a, 0 < y < a. For a transverse
magnetic wave (TM),

(a) (10 pts) For a wave that propagates in the +z direction with frequency w, find a solution
for the electric and magnetic fields, where the maximum electric field strength is Ej.
Choose the solution with the fewest transverse nodes.

(b) (5 pts) What is the lowest value of w that leads to a propagating solution? And what is
longitudinal velocity of the wave in that limit?
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SHORT ANSWER SECTION

3. A linear accelerator accelerates either electrons or protons with an electric field of strength
Ey along the z direction. In terms of the ratio of masses M, /M.,

(a) (4 pts) Find the ratio of radiative powers, P,/P., at the beginpi
when both particles would be moving non-relativistically.-

(b) (4 pts) Find the ratio of radiative powers, P,/FP,, at the end o
both particles would be moving ultra relativistically with energy
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4. (4 pts) Two gases of fully 1orqaed partlcles are stored in 1dentlca1 containers with identical

numbers of ions (and electrons). In gas A, the gas is fully ionized hydrogen, where all the

positive ions are protons. In gas B, the positive ions are deuterons (one neutron and one

proton), which have approximately twice the mass of a proton. The number of free electrons

in each container is thus equal. The mean free paths, /4 and ¢p, of light traveling through
the containers vary by approximately what factor? Circle the correct answer:
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