Jackson Problem 3.6
B. J. Mattson

1 Part a

Let 21 = (a,0,0) and 25 = (a,7,0) (in cylindrical coordinates). Then the potential at &
is just the superposition of the potentials of the two charges.
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Writing |# — 2’| in terms of spherical harmonics:
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The problem is azimuthally symmetric, so only the m = 0 terms survive the sum. Also,
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So the potential can be rewrittenn:
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From the last term, only the odd [ survive, so using the relationship between Yy and P,

l

a
O(r<a,b,p) = %60 > i Fi(cos0) (6)
0dd
q
O(r<a,b,¢) = ores > al+1Pl(COS 6) (7)
0dd



2 Part b

To keep ga constant for a — 0, let ¢ — oo and a = Q’iq. Then
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So, for ¢ — o0, ql%l will die for all > 1. Then rewritting with just the { = 1 term,
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3 Part c
The charge distribution is
p(Z) = q¢d(r — a)[6(cos @ — 1) — §(cosf + 1)]
Then,
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Using azimuthal symmetry and performing the ¢’ integration:
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Using the delta functions to perform the remaining integrals:
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Only the odd [ survive (as in Part a). So
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