SOLUTION TO PROBLEM SET 7

1. a) From Gauss’ Law we know that

o(6) = co[E(Ry.6) — B(R_.)]

and we can calculate the electric fields from the potential. Therefore

of) = e (Z(l + 1)]5}r2 + lAlRl_1> Py(cosb),
I

= e Y (2l +1)A R P(cos?).
1
Multiply both sides of this equation by Py (cos @) sindf and integrate from 6 = 0 to § = m;

o(0)Pysinf df = ¢ 2l + 1A, R 7rPl cos0) Py (cosf)sinf db
) S (2l +1) ,
i 0

= 2¢AyR'? so that
1

Ay = W/O o(0)Py(cos@)sinb db.

b) For o(f) = Q/4mR? = QPy(cos ) /4w R?, we find from

G 2
/0 dOP(cos@)Py(cosf)sinf df = ST 151711, that

Q

A = hat

. 4W60R51’0 so tha
Q

V(r,0) = <R
= r>R as it should.
4megr

c) For 0(0) = 3¢gVarax Pi(cos @)/ R, we proceed in the same way

A = 3Varax /7r Py (cosf)P(cosf)sinf db,
2R Jo

v
= NEX 014 so that




Vi(r,0) = VMAX%COS9, r <R,

R 2
= Viax (7> cos 0 r> R.
2. On the surface of the sphere

V(r,0) = > AR'P(cost) so that
I

2041 :
A = Q—Rl/o V(0)P(cos0)sinf db,
2041 7 .
= Q—RZ/O Varax cos? OP;(cos @) sin 6 db),
_ 2l+1/ﬂvMAX 2P5(cos ) + Py(cos ) Py(cos 8) sin @ do,
2RY Jo 3
2041 /22 1 .
= SEr <§gél,2 + 525z,o> , from which
A, = VMAX’
3
2Vax
A, =
2 3R2 )
A =0 1 #0,2. Thus
V(r6) = V. 1+3<1)2P( 0) <R
T, - YMAX {3 T3\ R 2(COS > n,
1 2/R\°
_ S ek > R.
Varax <3+3<r) P2(COS(9)> r>R

3. Griffiths 3.22.

of) = o T/2<60<0,

= —0) T/2<60<m

We know that
B 1
N QEQRl_l

/7r o(0)P(cosO)sinb db
0

Because o(f) is odd about 8 = 7/2, only A; with [ odd will be non-zero. Inside the sphere



all B; vanish. Thus we can write

w/2
A = 60;(1)_1/0 Py(cosf)sinf db,

(o) 1
— 7€0Rl_1/0 P/(x)dx,

With

bi(x) = =,
Py(z) = (52 —37)/2,

Ps(z) = (632° — 7 — 2% +152)/8,
I get, on carrying out the integrals

Ay = 09/2€,
Ag = —0'0/860R2,

A5 = 10'0/1660R4, so that

V(r,0) = % {% (%) Pi(cosf) — % <%)3P3(COSQ) + 11_6 (%)5 P5(cos6’)} , r<R

Similarly, outside the sphere all the A; vanish and the non-zero B, are related to the non-zero

A; above by B; = A;R?*!. Thus I obtain

V(r,0) = ookt {1 <E)2 Pi(cos) — % <E)4P3(cose) + % <§>6P5(cosé’)} : r>R
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