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Electrodynamics, Physics 323 Second midterm 8.20 am, Monday May 21, 2007
Spring 2007 Instructor: David Cobden

Do not turn this page until the buzzer goes at 8.20. You must hand your exam to me before | leave the
room at 9.25.

Attempt all the questions.

Please write your name on every page and your SID on the first page.

Write all your working on these question sheets. Use this front page for extra working. It is important
to show your calculation or derivation. Some of the marks are given for showing clear and accurate
working and reasoning.

Watch the blackboard for corrections or clarifications during the exam.

This is a closed book exam. No books, notes or calculators allowed.

“Relativity,” you say? — Well, it
can’t be any worse than your
‘speed bump’ theory.”
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1. [12] State the relations between the electromagnetic fields and the scalar and vector potentials, and
show that a gauge transformation of the appropriate form leaves the fields unchanged.

2. [4] Why is the Coulomb gauge usually a poor choice in electrodynamics?

3. [6] Jefimenko’s equation for the magnetic field due to a time dependent charge and current density
confined to a region of size L is

B(r,t):ﬂj ‘J(r'tr)x(rs_r)+‘J(r7tr)x(r2_r) dSrr. (l)
4r [r—r'| clr—r'|
Under what conditions (neglecting quantum effects) is Equation (i) valid?

4. [10] What is the idea of the quasistatic approximation? Using Equation (i), deduce the condition for
the quasistatic approximation to be applicable at frequency o, and give the expression for B in this
limit.

5. [4] By the same token, what is the radiation zone, and what is the condition to be in the radiation
zone?

6. [8] Explain why the power flowing out through a large sphere centered on the source is independent
of the size of the sphere, in terms of Jefimenko’s equations, the Poynting vector, and the basic notion
of radiation.
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7. [10] A uniform current density K(t) = K,O(t) is switched on at time t = 0 simultaneously
everywhere on the x-y plane, which is neutral. Write down the general integral giving the scalar
potential in the Lorentz gauge, involving the retarded time t;, and use it to deduce the (retarded) scalar
potential V(r,t) at any point out of the plane. Be sure to define t;.

0, t<|zl|/c

8. [20] Show that the (retarded) vector potential is A(r,t) = .
(201 ( ) P (.0 —“Ofo(ct—ul), t>|z|/c
(Hint: you can put the measurement point on the z-axis and use cylindrical coordinates to do the

integral. This is probably the hardest question on the exam.)
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9. [10] Sketch the lines of E and B on a large sphere in the radiation zone centered on a small wire ring
carrying an oscillating current. Indicate where the fields are weakest and strongest.

The instantaneous Poynting vector at point (r,t) for a source of size L located at the origin is given
approximately by the following, where p(t;) is the dipole moment of the source at the retarded time:
Ho o wpo 122 ..
S(r,t) = rx<p@)fr, i
(r.t) T6.0%cr? [Fxp(t,)] (i)

10. [6] Under what approximations is Equation (ii) valid? You will lose marks for including
approximations which are not necessary.

11. [14] An electron (of charge €) oscillates about the origin with position bz coswt . Using Equation

(i), find the time-averaged power radiated per unit solid angle, dP/dQ, as a function of angle dto the
z-axis, and sketch it on a polar plot.



