Physics 5405: Classical electromagnetism 1
Fall 2023
Test 1
September 27, 2023
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Instructions: i ——

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 10 pages, including this cover sheet. If it does
not, see me.




[
2 (15 points) A conducting spherical shell of radius @ is held at potential +V. The
volume outside the shell is filled with electric charge of volume density

p(Z) = poexp(—r/a)sin®6
H 5{4&

Write down an integral expression for the potential everywhere 1 e the shell. Do
not try to compute the integral,
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ch (¥ points) A line charge with linear charge density 7 is placed parallel to and a
distance R away from the axis of a conducting cylinder of radius b held at a fixed
voltage such that the potential vanishes at infinity.

(a) Find the magnitude and position of the image charge(s).
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@) J#* points) Find the force per unit length on the cylinder.
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g planes intersecting at an angle 8 = /4

3. In two dimensions, consider two conductin
(45 degrees). For simplicity, assume one plane is located along the z axis.

(a) (15 points) A charge g is placed between the planes. What are the locations and
magnitudes of all the image charges? (For simplicity, give their positions in polar

coordinates. ) A
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(b) (10 points) What is the Green function for the region between the conducting
planes? Use the Green function given in exercise 2.17 (a)
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,3( (3€ points) In two dimensions, one conductor lies along the negative Y axis (z = 0,
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¥ < 0) and is held at potential 0, and a second conductor lies along the downward—

famng p&rﬁb Ola-
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and is held at constant potential V4.

Iind the most general solution for the scalar potential ® between the two conductors.
Assume there are no charge or current sources present.

It will be convenient to use two-dimensional parabolic coordinates (o, 7), which are
defined by

T = o, (2)
v = %(TQ“UZ) :%(Tgm‘;) (3)

in terms of rectangular coordinates z,y. (The negative y axis is 7 = 0 in these coordi-
nates.) The Laplacian in parabolic coordinates is

1 v 5
bl (W * 5—) ()

Leave your result in terms of parabolic coordinates.

(The next page is left blank ag extra space for your solution.)
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| (This page left blank as extra space for your solution.)
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