SOLUTION TO PROBLEM SET 4

1. a) The potential that the shell of radius b and charge @ feels due to the shell of radius a

is
Q

Vir=25)= _47reob

so the potential energy is
(-Q) __ @
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Equivalently, one could think of the shell of radius b providing a potential inside of it of

Q

V(r=a)= 4dregh

Thus with the shell of radius a and charge —Q the potential energy is
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or one could consider them both, double counting them, and multiplying by 1/2
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b) The energy to create a shell of radius a and charge (—Q) is
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Similarly the energy to create the shell of radius b and charge @ is
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d) As
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in agreement with c).
2) and 3) Below are plots of the partial sum vs. p in which the crystal is not neutral (a sum
I called Sp#?) and in which it is neutral ( a sum I called Sp#!. The difference in convergence

is clear.
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4) Let the charge +¢ be at ry = r +d/2 and the charge —q be at r_ = r — d/2 then the

potential energy is
U=qV(ry) —qV(r.) =qV(r+d/2) — qV(r - d/2).
If d << r then

U = qV(r)+(d/2)- VV(r) +.4] — q[V(r) — (d/2) - VV(r) + .. 4],
= qd-VV(r)=-p-E(r).

b) Let’s take the origin of coordinates at the charge Q. Then

__Q.
E_41reor2r

and
pcosf

U=-p-E= " dmeor?

as before.



Problem 2.32
2 2
(a) W = } [pVdr. From Prob. 2.21 (or Prob. 2.28): V = /& (R’ - g.) =ik (3 - ﬁ,)

R
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(b) W = § [E*dr. Outside (r > R) E= g-%#; Inside (r < R) E = k- r¥.
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(c) W = ${ §sVE-da+ [, E%dr}, where V is large enough to enclose all the charge, but otherwise

arbitrary. Let’ s use a sphere of radius a > R. Here V = 4"03
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As @ = oo, the contribution from the surface integral (;;,*ag;) goes to zero, while the volume integral

(4"0 2a( = 1)) picks up the slack.




