
~roblem 3.3 
Laplace's equation in spherical coordinates, for V dependent only on r, reads: 

1 d ( dV) dV dV c I c IV2V =-- r2_ =0 => r 2- = c (constant) => -d =2" => V = -- + k.r2 dr dr dr r r r 

Example: potential of a uniformly charged sphere. 
. 1 d ( dV) dV dV c

In cylindrical coordinates: V2V = 8" ds S ds = 0 => 8 ds =c => ds = 8" => IV = cins + k·1 
Example: potential of a long wire. 

Problem 3.8 
Place a second image charge, q't, at the center of the sphere; 
this will not alter the fact that the sphere is an equipotential, 

IIbut merely increase that potential from zero to Vo = --1 
L;

411"Eo RIq" = 411"EoVoR at center of sphere.' 

For a neutral sphere, q' + q" = O. 
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(Drop the minus sign, because the problem asks for the force of attraction.) 
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Problem 3.15 

Same format as Ex. 3.5, only the boundary conditions are: 


(i) V=O when x = 0,. 
(ii) V=O when x=a, 
(iii) V=O when 11 = 0, 
(iv) V == 0 when 11 = a, 
(v) V=O when z=O, 
(vi) V=Vo when z = a. 

This time we want sinusoidal functions in x and 11, exponential in z: 

X{x) = Asin(kx) + Bcos(kx), Y(lI) =Csin(lll) + Dcos(ly), Z(z) = Ee~z + Ge-.;p::j:'f.fz. 

(i)=> B = OJ (ii)=> k = n1r/a; (iii)=> D = 0; (iv)=> I = m1r/aj (v)=> E +G = O. Therefore 

Z(z) =2Esinh(1rvn2 +m2z/a). 

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

00 00 

V(X,lI,Z) = E E Cn,m sin(n1rx/a) sin(m1rll/a) sinh(1rVn2 + m2z/a). 
n=lm=l 

It remains to evaluate the constants Cn,m, by imposing boundary condition (vi): 

Yo = EE [Cn,msinh(1I'vn2 +m2}] sin(n1rxfa)sin(mll'y/a). 

According to Eqs. 3.50 and 3.51: 

) (2) 2 f4 fll { 0 if '!- or m is even, } 
Cn,m sinh (1rvn2 +m2 = a Vo sin{n1rx/a}sin(m1rll/a)dxdll = i6Vo , if both are odd. 

o 0 1r2nm 

Therefore 

16Vo ~ ~ 1. sinh (1I'v'n2 + m2z/a)
V(X,lI, z) =""=""2 ~ L....t - sm(n1rx/a) sin(m1rll/a) . (v' . 

11' n=1.3.5.... m=1.3.5.... nm smh 11' n 2 +m2) 

Problem 3.24 
Picking V =0 on the yz plane, with Eo in the x direction, we have (Eq. 3.74): y 

(i) V = 0, when a = R, }
{ (ii) V -t -Box = -Boa cos </>, for a :» R. 

Evidently Go =b.o = bll: =dll: =0, and all: =CII: = 0 except for k =.1: 

V(s, </1) = (als + c; ) cos </>. 

(i)=> CI = -aIR'; (ii)-t al = -Eo. Therefore z 

V(s,</» = (-BoS + BoR2) cos</>, or V(a,</» = -Bos [(~) 2 -1] cos</>.
a

0' = -~ ~VI = -fo.Eo (- R: -1) COS </>1 . = 12eo.Eo cos </>.1 
s .=R 8 ,=R 
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