PHY 5346
HW Set 3 Solutions — Kimel

2. 2.3 The system is described by
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a) Given the potenial for a line charge in the problem, we write down the solution from the figure,
A R? R? R? R?
ot = |:In — —1In = —In = +1In = :|
Aneo (X—Xo)? (X = Ro1)? X—Xe2)? (X —Xa3)?
Looking at the figure wheny = 0, (X—%)* = (X—%o1)?, R—%2)” = X —X03)%, S0 ¢7ly0 = O
Similarly, when x = 0, (X —Xo)? = (X—%02)%, (X —=Xo1)? = (X—Xo3)%, 50 ¢7lxco = O
On the surface ¢t = 0, so 6¢t = 0, however,
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b) We remember
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where I’ve applied the symmetries derived in a). Let
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This is an easy function to plot for various combinations of the position of the original line charge
(Xo, Yo).

c) If we integrate over a strip of width Az, we find, where we use the integral
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and the total charge induced on the plane is —oo, as expected.
d)
Expanding
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to lowest non-vanishing order in Xo, Yo gives
Xy
R

42 Xy
EO (2 +y?)

¢ > Pasym = > YoXo

Thisis the quadrupole contribution.



