Problem 3.18

Vo(6) = kcos(30) = k [4cos® 6 — 3 cos8] = k [aPs(cos ) + BPy(cosh)).

(I know that any 34 order polynomial can be expressed as a linear combination of the first four Legendre
polynomials; in this case, since the polynomial is odd, I only need P, and P;.)

4cos® - 3cosb=a [-21- (5cos® 6 - 3cosH)J + fBcosh = §é-)‘-00530+ ([3— ga) cos#é,
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Therefore k
Vo(8) = 5 [8Ps(cos @) — 3Py (cos b)) .
Now
=<
S Air'P(cos6), forr <R (Eq.3.66)
V(r,0)=¢ ' B, ,
Z ES| ——P(cos), forr >R (Eq.3.71)
=0
where
4 = (2’2 ;,1) / Vo(8)Pi(cos8)sinddd (Eq. 3.69)
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_ 8k/5R3, ifl=3 .
= { _3k/5R, ifl=1 }(zero otherwise).
‘Therefore

3
Vir,0) = ~§Rrpl(coso)+5%°3 3 Py(cos ) = g[s (5) Psleost) -3 (%) Pl(cosa)],

or

g{S (%)3% [5cos® 8 — 3 cosd] —3(%)0050} = |V(r,0) = %%cos&{4 (%)2 [5cos®8 — 3] .—3}

(for r < R). Meanwhile, B, = A;R¥*+! (Eq. 3.81—this follows from the contmmty of V at R). Therefore

4 3 —
B = {8kR/5 ifl=3

3kR?/5, ifl=1 } (zero otherwise).

So

—3kR? 1 8kR' 1 k[ (R\* R\?
V(r,8) = —g—r—2P1(COSO) + TFP;;(cosa) =3 [8 (-'-;) P3(cosf) - 3 (-;) Py(cos8)],

V(r,0) = -g (-?—)20030 {4 (?)2 [5cos?8 - 3] - 3}

(for » > R). Finally, using Eq. 3.83:

or

o) = e (2+1)AR " P(cos6) = ¢ [341P; + TA3R*Py)
=0
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kcosﬂ[ 9 +28-5cos? 9 — 28 - 3
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