rroblem 3.3
Laplace’s equation in spherical coordinates, for V dependent only on r, reads:

1d dv dv dV e ¢
2 2 - 28V _ =< I
VYV = - (r dr) 0=>r 2 = ¢ (constant) = il = - + k.

Ezample: potential of a uniformly charged sphere.

o id [/ dV dav
In cylindrical coordinates: V2V = = — [ 8— | =0 = sfir—K =cz22=5 5 [V=clns+k
sds \ ds s s 8
Ezample: potential of a long wire.
Problem 3.8

PI?.ce a second image charge, ¢", at the center of the sphere;

this will not alter the fact that the sphere is an equipotential, a—b

but merely increase that potential from zero to Vo = —-—-?:; . » —‘
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g" = 4mwegVo R at center of sphere.l = P4 g

For a neutral sphere, ¢’ + ¢" = 0.
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Problem 3.15
Same format as Ex. 3.5, only the boundary conditions are;

(i) V=0 when z=0,
(i) V=0 when z=a,
(iii) V=0 when y=0,
(iv V=0 when y=a,
(v)/ V=0 when z=0,
(viy V=V, when z=a.

This time we want sinusoidal functions in z and y, exponential in z:
X(z) = Asin(kz) + Bcos(kz), Y(y)=Csin(ly) + Dcos{ly), Z(z) = Ee¥F 1z 4 Ge~VF+Pz,
(i)=> B = 0; (ii)=> k = nw/a; (iii)=> D = 0; (iv)=> | = mn/a; (v)= E + G =0. Therefore
Z(z)= 2Esinh(1rmz/a).

Putting this all together, and combining the constants, we have:

Viz,y,2) = i i Chn,m sin(nrz/a) sin(mny/a) sinh(rv/n? + m2z/a).

n=1 m=1

It remains to evaluate the constants Cy, s, by ifnposing boundary condition (vi):
Vo = Z Z [C,,,m sinh(mv/n? + m’)] sin(nrz/a) sin(mny/a).

According to Eqgs. 3.50 and 3.51:
if n or m is even, }
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Cp,m sinh (m/n +m ) (a) Vo 0/ / sin(nnz/a) sin(mmy/a) dz dy { %, if both are odd.
0 ,

Therefore

_16% 1 . sinh (7v/n? + m2z/a)
Viz,y, 2z} = w3 Z Z o sin{nwrz/a) sin(mny/a) sinh (7 \/m .

n=1,3,§,... m=135,...

Problem 3.24

Picking V' = 0 on the yz plane, with Eg in the z direction, we have (Eq. 3.74): y
B V=0 when s = R, k ——
(i) V - —Egx = —Epscos¢, for s » R.

; s
Evidently ag = bp = by = di = 0, and ag = ¢; = 0 except for k = 1: :Q:/ > .-
- o Y )'tj
Vs, ¢) = (als—i— p )cos¢.

—=>Eq

()= ¢; = —a1R?; (ii)—~ a; = —Ep. Therefore 2

8

2
V(s,¢) = (~Eos + EORz) cosp, or |V(s,¢) = —FEps [(?) - 1} cos ¢.
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