Physics 5406: Classical electromagnetism I1
Spring 2024
Test 1
February 19, 2024

NAME:

Instructions:

Do all work to be graded in the space provided. If you need extra space, use the reverse side
of a page and indicate on the front that you have continued work on the back. (Otherwise,
work on the back of a page is ignored.) Please circle or box or somehow mark your final
answers to each question.

Please cross out any work that you do not wish to be considered as part of your solution.
Calculators are NOT allowed on this test.

Please check to be certain that this test has 7777 pages, including this cover sheet. If it does
not, see me.
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1. (227 points) Show that in the absence of charge and current sources, conservation of
linear momentum of the electromagnetic field is equivalent to the statment

0
—Tup =0
; dag

where T,z is the Maxwell stress tensor defined in Jackson (6.120). (Note: a long
detailed computation is not required.)
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& Conservation of angular momentum.
system of charges and currents is

The mechanical torque density on a given
ﬁncch = I x (/)E +J X ]3) '
and the angular momentum density of the clectromagnetic field is

Lieid = & X Pigq = & % g (E x 13).

(a) (10 points) Using results in the text, briefly derive an expression for
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(b) (5 points) In the special case thai

o
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what can be said about, the relation between the external torque 7., and the
ficld angular momentum density Ly ?
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(c) (5 points) Suppose one has a plastic digk that is free Lo rotate in the zy planc.
A thin ring of uniformly distributed charge is embedded in the disk. Perpendic-
ular to the disk is a solenoid carrying a current, hence creating a magnetic field
(passing perpendicularly through the disk). If the battery driving the current is
disconnected, so that the current dics down, then the magetic field in the solenoid
will decrease.

Brielly explain what happens next, in words, and why no conservation laws are
violated.

(No computations arc expeeted, just a short, explanation.)
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3. Consider waves propagating down a waveguide whose cross-section is a rectangular
box of sides of length «, (3, with sides parallel to the z, y axes respectively, and the
waveguide itself oriented parallel to the z axis.

(a) [##7 points) Show that it is possible to superimpose a TE,,, and TM,,, mode,
with m > 0 and n > 0, to get a field with H, = 0.
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(b) (#?7 points) Compute the ratio of the power transmitted by the two modes above.
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};5’ (20 points) A cylindrical

wavegnide has cross-section given by a half of a cirele of radius
R, as illustrated below:

Compute 7, for all TM modes propagating along this waveguide. (11
left blank as extra space for you to work.)
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(This page left blank as extra space for your solution.)




S

g (15 points) Suppose that
' Ime(w) = Aeo (6w — wi) — Bw — wa))

where wy > wy > 0 and
1 >0,

905):{0 z <0,

ite the real part of ¢(w). Assume either w > wy or W < Wi.
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